International Conference on Mediterranean Temporary Ponds
Proceedings & Abstracts

14

International Conference
on Mediterranean Temporary Ponds
Proceedings & Abstracts
Menorca, 5-8 May 2009
Pere Fraga i Arguimbau (editor),
Eva Cardona Pons, Agnès Canals Bassedas (collaborators)

Menorca, 2009

Fraga i Arguimbau, Pere
International Conference on Mediterranean Temporary Ponds : Proceedings & Abstracts /
Pere Fraga i Arguimbau, editor. — Maó : Institut Menorquí d’Estudis, DL 2009.
472 p. : il. ; 23 cm .— (Recerca ; 14)
ISBN 978-84-9571-72-3
Congrés internacional Maó, del 5 al 8 de maig
I. Fraga i Arguimbau, Pere II. Institut Menorquí d’Estudis
1. Llacunes – Ecologia, 2. Fitoplàncton, 3. Ecologia, 4. Invertebrats, 5.Vertebrats, 6. Flora,
7. Hidrodinàmica, 8. Hidrologia, 9. Limnologia, 10. Aigua – Química, 11. Gestió ambiental.
502.7(204)

Papers should be cited as (e.g.):
Grillas, P., Rhazi, L. and Rhazi, M. 2009. The vegetation of temporary pools: adaptation and
opportunism. In: Fraga i Arguimbau, P. (ed.). International Conference on Mediterranean Temporary Ponds. Proceedings & Abstracts. Consell Insular de Menorca. Recerca, 14. Maó, Menorca. p.111-129.

Crèdits
© del text:
© de l’edició:
Portada:
Disseny:
Assessorament
lingüístic:
Edició:

Realització:

els autors, 2009
Consell Insular de Menorca
Bassa temporal a la Mola de Fornells (Menorca).
Foto: Josep Mascaró Pons
Damià Rotger i Míriam Sintes
Irene Cardona i Darren Green
Universitat de les Illes Balears. Cra. de Valldemossa, km 7,5.
07122 Palma (Illes Balears).
Consell Insular de Menorca. Plaça de la Biosfera, 5.
07703 Maó (Menorca).
Conselleria de Medi Ambient del Govern de les Illes Balears.
Avda. Gabriel Alomar i Villalonga, 33-07006 Palma (Mallorca).
Institut Menorquí d’Estudis. Camí des Castell,
28-07702 Maó (Menorca).
Editorial Rotger, S.L. Carrer Trencadors, 4.
07750 Ferreries (Menorca)

ISBN 978-84-9571-72-3
Dipòsit legal Me 180/2009
Imprès en paper ecològic

International Conference on Mediterranean Temporary Ponds

Organized by:
Consell Insular de Menorca
Conselleria de Medi Ambient, Govern de les Illes Balears
In collaboration with:
International Union for Conservation of Nature (IUCN)
European Pond Conservation Network (EPCN)
Institut Menorquí d’Estudis (IME)
Ajuntament de Maó
Universitat de les Illes Balears (UIB)
Societat d’Història Natural de les Balears (SHNB)
Organizing Committee:
Eva Cardona (Dept. d’Economia i Medi Ambient, Consell Insular de Menorca)
Eugènia Torres (Dept. d’Economia i Medi Ambient, Consell Insular de Menorca)
Agnès Canals (Dept. d’Economia i Medi Ambient, Consell Insular de Menorca)
Irene Estaún (Dept. d’Economia i Medi Ambient, Consell Insular de Menorca)
Pere Fraga (Dept. d’Economia i Medi Ambient, Consell Insular de Menorca)
Pere Bonet (Conselleria de Medi Ambient, Govern de les Illes Balears)
Margalida Femenia (Conselleria de Medi Ambient, Govern de les Illes Balears)
Joan Mayol (Conselleria de Medi Ambient, Govern de les Illes Balears)
Patrick Grillas (European Pond Conservation Network)
Scientific Committee:
Daniel Boix Masafret (Universitat de Girona)
Miquel Campos (Consorci de l’Estany)
Santos Cirujano Bracamonte (CSIC-Real Jardín Botánico)
Pere Fraga i Arguimbau (LIFE BASSES, Consell Insular de Menorca)
Patrick Grillas (Station Biologique Tour du Valat)
José M. Iriondo Alegría (Universidad Rey Juan Carlos)
Ignacio Lacomba (Generalitat Valenciana)
Lleonard Llorenç (Conselleria de Medi Ambient, Govern de les Illes Balears)
Gabriel Moyà Niell (Universitat de les Illes Balears)
Jordi Muntaner (Conselleria de Medi Ambient, Govern de les Illes Balears)
Guillem X. Pons Buades (Societat d’Història Natural de les Illes Balears)
Joan Lluís Pretus Real (Universitat de Barcelona)
Josep Antoni Rosselló (Jardí Botànic Marimurtra)

Acknowledgements
We are grateful to all persons that have made possible the realization of this Conference,
and specially to Eugènia Torres Moll, Josep Mascaró Pons, Joan Juaneda Franco, Josep
Suàrez Roa, Raül Escandell Preto, Antònia Allès i Pons, Irene Estaún Clarisó, Gabriel Moyà
Niell, Josep Miquel Vidal Hernández, Joan Mayol, Margalida Femenia Riutort, Jordi Muntaner and Pere Bonet. We’d like to thank as well the collaboration of Ajuntament de Maó,
Institut Menorquí d’Estudis and Universitat de les Illes Balears.

International Conference on Mediterranean Temporary Ponds

CONTENTS
Foreword . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
I Proceedings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

Temporary ponds: Global views . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
Pretus, J.LL. Mediterranean temporary ponds: life histories for
unwarranted offbeat environments. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
Holland, R.F. Glimmerings from the hogwallows . . . . . . . . . . . . . . . . . . . . . . . . . 37
Alonso, M. Temporary lakes in Mongolia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

Hydrochemistry and hydrodynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
Sánchez-Carrillo, S. Hydrology and biogeochemistry
of Mediterranean temporary ponds. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
Florencio, M., Gómez-Rodríguez, C., Gómez, A., Reina, M.,
Gutierrez, E., Siljeström, P., Serrano, L. and Díaz-Paniagua,
C. Towards a quantitative classification of temporary ponds in
Doñana (SW Spain). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

Phytoplancton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
Moyà, G. and Conforti, V. Cyanobacteria and microalgae
communities in temporary ponds. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

Flora . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
Grillas, P., Rhazi, L. and Rhazi, M. The vegetation of temporary pools:
adaptation and opportunism. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
Bagella, S., Caria, M.C. and Zuccarello, V. Small scale plant distribution
in Mediterranean temporary ponds: implications for conservation. . . . . . . . . . 121

9

International Conference on Mediterranean Temporary Ponds

Iriondo, J.M., Pastor, J.M., Galeano, J., Fraga, P., Muñoz, L. and Marín,
A. Determinants of floristic richness in Minorcan temporary ponds:
implications for management at the regional level. . . . . . . . . . . . . . . . . . . . . . . 129
Triest, L. and Sierens, T. Biogeographical patterns of Ruppia in
the Mediterranean: new insights on diversity and dispersal. . . . . . . . . . . . . . . . 137

Invertebrates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149
Boix, D., Sala, J., Gascón, S., Ruhí, A. and Quintana, X.D.
Structure of invertebrate assemblages: contribution to the ecological
functioning of the Mediterranean temporary ponds. . . . . . . . . . . . . . . . . . . . . . 151
Marrone, F., Castelli, G. and Naselli-Flores, L. Sicilian temporary
ponds: an overview of the composition and affinities of their crustacean biota. 189
Mlambo, M.C., Reed, C.C. and Day, J.A. Overview of temporary wetlands’
macroinvertebrates assemblages in the Cape Florisitc Region, South Africa. . 203
Soler, E. and Méndez, M. The dragonflies of temporary ponds in Menorca. . . 215

Vertebrates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227
Porter, J. and Kingsford, R. Monitoring change in temporary
wetlands and waterbird communities with large scale aerials surveys. . . . . . . 229
Díaz-Paniagua, C., Gómez-Rodríguez, C., Portheault, A. and Florencio,
M. Why a system of heterogenous temporary ponds favours amphibian
communities? Amphibians in Doñana National Park, an example
of preserved breeding habitats. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245
Robledano, F., Zapata, V., Jiménez, M.V. and Farinós, P. Temporary
ponds as tools for improving amphibian conservation in Mediterranean
mountain systems. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255
Massana, M., Richter-Boix, A., Colliard, C. and Pretus, J.Ll.
A genetic isolation gradient of populations of the Balearic green toad
(Bufo balearicus) follows rising eastward fragmentation of the rural
landscapes of the island of Menorca. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 267

10

International Conference on Mediterranean Temporary Ponds

Ecology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279
Collinge, S.K. and Ray, C. Ecology and restoration of vernal pools:
a ten-year study of plant community dynamics. . . . . . . . . . . . . . . . . . . . . . . . . . 281
Pinya, S. and Gil, Ll. Primary results on biodiversity analysis
of the temporary ponds in the Natural Park of Mondragó, Mallorca. . . . . . . . 291
Management and conservation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 297
Angeler, D.G. Management and conservation of temporary ponds:
opportunities and challenges in the new millenium . . . . . . . . . . . . . . . . . . . . . . 299
Muntaner, J., Moragues, E., Ramos, I. and Mayol, J. Inventory
of temporary ponds in Mallorca. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 307
Dimitriou, E. Conservation plan for the Mediterranean temporary
pond habitat in W. Crete. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 315
Bird, M.S. and Day, J.A. Investigating the use of aquatic
macroinvertebrates as indicators of human impairment of seasonal
wetlands in the Western Cape Province, South Africa. . . . . . . . . . . . . . . . . . . . 323
Muller, S.D., Daoud-Bouattour, A., Amami, B., Ferchichic-Ben Jamaa,
H., Ferrandini, J., Ferrandini, M., Ghrabi-Gammar, Z., Grillas, P.,
Pozzo di Borgo, M.-L., Rhazi, L., Soulié-Märsche, I. and Ben Saad-Liman,
S. Interest of historical data for conservation of temporary ponds. . . . . . . . . . . 339
Bejko, D. and Ziu, T. Management plan developing toward quality
protection and EU Water frame approach in Shkodra lake watershed. . . . . . . 353
Social awareness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 361
Brock, M.A. Social Awareness of temporary wetlands: a southern
hemisphere persptectiveon the past, present and future. . . . . . . . . . . . . . . . . . . . 363
II Abstracts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 377
Hydrochemistry and hydrodynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 379

11

International Conference on Mediterranean Temporary Ponds

de Vicente, I., Vidal, J., Green, A.J., Amores, V., Pozo, I., Morales, L.,
López, R. and Cruz-Pizarro, L. Limnological and sedimentological
characteristics of Media lake (southwestern Spain). . . . . . . . . . . . . . . . . . . . . . . 381
de Vicente, I., Gilbert, J.D. and Guerrero, F. Biogeochemestry of
temporary ponds: impact of periodic drying-reflooding cycles on
phosphate exchange across sediment and water interface title. . . . . . . . . . . . . . 383
Siljeström, P., Gutiérrez, E., Díaz-Paniagua, C. and Cara, J.S. Presence
of fine-sediment discontinuity in soils of temporary ponds in Doñana
National Park (SW Spain) - Influence on their hydroperiod evolution. . . . . . . 384
Flora . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
del Pozo, R., Fernández.Aláez, C. and Fernández-Aláez, M. Macrophyte
community and driving variables in temporary Mediterranean ponds. . . . . . 387
Alonso-Guillén, J.L., Rubio, F., Regidor, M.C., Ferrer-Polo, J. and
Rodrigo, M.A. Naturally recovered submerged vegetation in three
constructed Mediterranean ponds (Albufera de València Natural Park). . . . . 388
Doncel, M., Vilar, L. and Campos, M. Cartography
of the vegetation of the new ponds of Banyoles. . . . . . . . . . . . . . . . . . . . . . . . . . 389
Fernández-Zamudio, R., Garcia-Murillo, P. and Cirujano, S.
Hydrogeomorphic classification and habitat suitability for
aquatic macrophyte species in a natural Mediterranean
temporary pond system (Doñana National Park, SW Spain). . . . . . . . . . . . . . 390
Ghrabi-Gammar, Z., Daoud-Bouattour, A., Ben Jamaa-Ferchichi, H.,
Gammar, A.M., Muller, S.D., Rhazi, L. and Limam-Ben Saad, S.
Floristic diversity of temporary freshwater wetlands of Tunisia. . . . . . . . . . . . 391
Ferchichi-Ben Jamaa, H., Muller, S.D., Daoud-Bouattour, A.,
Ghrabi-Gammar, Z., Rhazi, L., Soulié-Märsche, I. and Limam-Ben
Saad, S. Temporary wetlands of Northern Tunisia: typology and diversity. . . 392
Rhazi, L., Grillas, P., Saber, E. and Rhazi, M. The temporary pools of
Western Morocco: issues of conservation and spatio-temporal
dynamic by remote sensing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 393
12

International Conference on Mediterranean Temporary Ponds

Pericàs, J., Rosselló, J.A., Mascaró, J. and Fraga, P. The importance
of bryophytes in the Mediterranean temporary ponds of Minorca. . . . . . . . . . 395
Benito, J.L., Conesa, J.A., Pedrol, J. and Sanz, V. Temporary ponds
on the map of habitats of Aragón: Las Amargas lakes system
(Monegros, Spain) as an example of vegetation cartography,
and its correspondence with European habitats. . . . . . . . . . . . . . . . . . . . . . . . . 396
Invertebrates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 397
Waterkeyn, A., Grillas, P. and Brendnock, L. Combined impacts of
salinisation and hydrological modification on permanet communities
of Mediterraean temporary ponds: A long term mesocosm study. . . . . . . . . . . 399
Anton-Pardo, M. and Armengol, X. Comparision of zooplankton
dynamics in several ponds from l’Albufera Natural Park (València, Spain). . . 400
Escrivà, A., Mezquita, F., Armengol, X. and Rueda, J. Invertebrate
faunal diversity comparision between temporary and permanent
bodies of water in a Mediterranean landscape. . . . . . . . . . . . . . . . . . . . . . . . . . 401
Lockwood, M. and Campos, M. Dragonsfly communities of the
near-permanent pools at Can Morgat. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 402
Alonso, M. and Pretus, J. Ll. Vicariance in the steppic temporary ponds
from two paleartic extremes: crustaceans from the Iberian Peninsula
and Mongolia. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 403
Sahuquillo, M., Miracle, R.M. and Vicente, E. Distribuyion patterns
of calanoid copepods in freshwater temporary ponds in Eastern Spain. . . . . . 405
Gascón, S., Machado, M., Sala, J., Cancela da Fonseca, L., Cristo, M.
and Boix, D. Importance of spatial patterns and habitat characteristics for
large branchiopod (Crustacea: Anostraca, Notostraca and Spinicaudata). . . . 406
Waterkeyn. A., Vanschoenwinkel, B., Grillas, P. and Brendonck, L.
Neglected dispersal vectors of aquatic invertebrates in a
Mediterranean wetland area: mammals and humans. . . . . . . . . . . . . . . . . . . . 407

13

International Conference on Mediterranean Temporary Ponds

Vertebrates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 409
García-Muñoz, E., Guerrero, F. and Parra, G. Pons approached from
an ecotoxicological point of view: putting the “eco-” in toxicology. . . . . . . . . . . 411
Ecology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 413
Pinto-Cruz, C., Barbosa, A.M., Molina, J.A., Barbour, M. and
Espírito-Santo, M.D. Spatial patterns and environmental correlates
of temporary pond flora: a case study in SW Portugal. . . . . . . . . . . . . . . . . . . . 415
Ruhí, A., Boix, D., Sala, J., Gascón, S. and Quintana, X.D. Spatial
and temporal patterns of pioneers macrofauna in recently created ponds:
taxonomic and functional approaches. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 416
Trigal, C., Fernández,-Aláez, C., Becares, E., García-Criado, F.
and Fernández-Aláez, M. Community structure and environmental
complexity in Mediterranean ponds. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 417
Florencio, M., Bilton, D.T., Serrano, L., Gómez-Rodríguez, C., Millán, A.,
Gómez, A. and Díaz-Paniagua, C. Macroinvertebrate assemblages
of temporary ponds in the Doñana National Park (SW Spain):
The role of a heterogeneus pond network. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 419
Brandsen, A. and Slater, F.M. Ephemeral pools of Eastern Wales:
Ecology and conservation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 420
Management and conservation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 421
Mascia, F., Podda, L. and Bacchetta, G. Alien flora in temporary ponds
of Sardinia: preliminary data on invasive species and threatened flora. . . . . . 423
Sant Sebastián, O., Llorente, G.A., Richter-Boix, À., Franch, M. and
Montori, A. Evolution of amphibian community in recently
created temporary ponds in a Mediterranean region. . . . . . . . . . . . . . . . . . . . . 424
Mascaró, J., Cardona, E., Estaún, I., Juaneda, J., Canals, A., Torres, E.
and Fraga, P. Restoration of Mediterranean temporary ponds in Minorca. . . . 425

14

International Conference on Mediterranean Temporary Ponds

Sancho, V. and Lacomba, I. Conservation of temporary ponds within
the Natura 2000 Network: Results of the project LIFE-AMPHIBIANS. . . . . . 426
Amami, B., Muller, S.D., Rhazi, L., Grillas, P., Rhazi, M. and Bouahim,
S. Pollen record of local hydrophytic vegetation in a Mediterranean
temporary pool (Western Morocco). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 427
Daoud-Boauttour, A., Muller, S.D., Ferchichi-Ben Jamaa, H.,
Ghrabi-Gammar, Z, Rhazi, L., Gammar, A.M. and Ben Saad-Limam, S.
Majen Chitane, a threatened acidic lake in Tunisia. . . . . . . . . . . . . . . . . . . . . . 429
Minssieux, E., Reymond, A-S., Nicolet, P. and Oertli, B.
Proposition of a methodology for the identification of important
areas for ponds (IAP) in Europe. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 430
Sahib, N., Rhazi, L., Grillas, P. and Rhazi, M. Experimental study
of the effect of physical disturbance of soil and hydrology on plant
communities in Mediterranean temporary pools (Western Morocco). . . . . . . . 431
Saber, E., Rhazi, L., Rhazi, M. Grillas, P. and Ballais, J.L.
Role of the remote sensig and the GIS in the inventory and the
conservation of temporary ponds of the Settat (Western Morocco). . . . . . . . . 432
Rhazi, M., Grillas, P., Médail, F. and Rhazi, L.
Ecological restoration of the rare species of the Mediterranean
temporary pools: case of the populations of Isotes setacea. . . . . . . . . . . . . . . . . 433
Muntaner, J., Moragues, E., Ramos, I. and Mayol, J.
Temporary ponds inventory of the Island of Mallorca. . . . . . . . . . . . . . . . . . . . 434
Trigal, C., Garcia-Criado, F. and Fernández-Aláez, C. Ecological
assessment of highly heterogeneus systems: the importance of habitat
and taxonomic sufficiency. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 435
Estaún, I., Cardona, E., Canals, A., Mascaró, J., Torres, E., Juaneda, J.,Fraga, P.
Management plans for the Mediterranean temporary ponds of Minorca. . . . . 437
Torres, E., Estaún, I., Cardona, E., Canals, A., Mascaró, J., Juaneda, J.
and Fraga, P. Landowners and habitat conservation: perceptions,
information, experiencies and results. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 438
15

International Conference on Mediterranean Temporary Ponds

Fraga, P., Torres, E., Estaún, I., Cardona, E., Canals, A., Mascaró, J.
and Juaneda, J. Inventory of Mediterranean temporary ponds in Minorca. . . . 439
Gómez-Rodríguez, C., Bustamante, J. and Díaz-Paniagua, C. Remote-sensing
evidence of hydroperiod shortening in a system of temporary ponds. . . . . . . . . . . 440
Guinart, D., Amat, F. and Solórzano, S. Management of ponds
and lentic systems in “El Montseny” Natural Park and Biosphere Reserve. . . 441
Legal frame . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 443
Lacomba, I. and Sancho, V. Faunal reserves: an strategy for
the protection of small water bodies in València (Spain). . . . . . . . . . . . . . . . . . 445
Canals, A., Cardona, E., Allès, M., Mascaró, J., Torres, E. and Fraga, P.
The Mediterranea temporary ponds of Minorca in the Natura 2000 Network. . . 446

Social awareness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 447
Bouahim, S., Rhazi, L., Amami, B., Mathevet, R., Ernoul, L., Saber, E.,
Grillas, P. and Khattabi, A. Perception of vernal pools by the local
population in Western Morocco and an analysis of their vulnerability. . . . . . . 449
Pérez, B., Sancho, V., Almeida, O., Díaz, E., Moreno, L. and Martínez, F.J.
LIFE ANFIBIOS: The evolution of its public awareness campaign. . . . . . . . . . 450
Cardona, E., Allès, M., Mascaró, J., Torres, E., Fraga, P. The travelling
exhibition on the LIFE BASSES project as a tool for social awareness on
the conservation of Mediterranean temporary ponds in Minorca. . . . . . . . . . 451
Ramos, I. and Mayol, J. Publications of the Balearic Government
about temporary ponds and their fauna & flora. . . . . . . . . . . . . . . . . . . . . . . . . 452
Attendants & contact list . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455
Author index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 469

16

International Conference on Mediterranean Temporary Ponds

FOREWORD
The high significance of Mediterranean temporary ponds for biodiversity conservation has been recognized by the Habitat’s Directive since 1992. This represents an important step in increasing awareness of these particular ecosystems
when human activities and land use changes are seriously threatening their conservation all around the Mediterranean shed.
Mediterranean temporary ponds are semi-aquatic habitats characterized by alternate dry and wet phases. They are found in different regions of the world, from
tropical to temperate climates, where contrasting wet and dry seasons occur.
Unique fauna and flora and fragility are among their common attributes, which are
some of the reasons that justify any initiative to promote an exchange of knowledge and experiences concerning their management and conservation.
Conscious of the fragility of temporary ponds and putting forth evidence of regression of this habitat throughout the island of Menorca, the Consell Insular de
Menorca, with the support of the Conselleria de Medi Ambient del Govern de les Illes
Balears, has been working since 2005 for the long-term conservation of temporary
ponds within the LIFE BASSES project (LIFE05NAT/ES/000058), co-financed by
the EU LIFE program. Many useful reports and experiences have arisen from this
project, and we are convinced that sharing them and trying to get an overview of
the conservation issues and scientific understanding of temporary ponds around
the world is the best way to maintain general concern for their value and to raise
support for any conservation effort. With this in mind, the initiative of the International conference on Mediterranean temporary ponds was born with the aim of
fostering an exchange of experiences and a forum for discussion on the study and
conservation of this type of habitat.
Hopefully, the networking abilities of the acting bodies and researchers, together
with increasing knowledge on ecology and functions of temporary ponds and how
they interact with human activities will enhance and improve efforts for long term
conservation of this unique habitat.

Maó, April 2009
Eva Cardona Pons, Agnès Canals Bassedas and Pere Fraga i Arguimbau
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MEDITERRANEAN TEMPORARY PONDS: LIFE HISTORIES FOR
UNWARRANTED OFFBEAT ENVIRONMENTS
Pretus, J. Ll.

(1)

“All observation must be for or against some view,
if it is to be of any service”
Ch. Darwin, in a letter to H. Fawcett, 1861
Temporary ponds in the Mediterranean realm fascinate through a combination of
appeal in the middle of an open scrubland with the ever exciting uncertainty about
what kind of life forms they might harbour. When a country’s natural heritage is evaluated, they treasure a high value that is disproportionate to the area they occupy.
Much of this value rests on still poorly known ecological and historical foundations.
At any rate, their discrete, isolated and replicated nature and their elusive character,
when compared to the region where they are embedded, make the case for much of
the complementarity they add to the biodiversity of the aquatic habitats in their
catchments.
The coincidence of warm and dry months reinforces seasonality through cyclic
droughts in the Mediterranean. Shallow ponds and most pools experience the evaporative pressure so drastically that many completely dry up for long periods. Thus
temporary Mediterranean ponds are doubly isolated in space and time. Indeed,
favourable conditions are not warranted with astronomic predictability, since precipitation on a monthly basis is rather fortuitous in strength and frequency. High
interannual variance in precipitation is the chief attribute to be retained as depicting
the ecological pressures and the evolutionary scenario emerging from them. Temporality, in a wider ecological context, may arise from factors other than drought.
Low temperatures or high salinities, for instance, if either freezing or brine affects
the entire water mass, bring about similarly untenable conditions (Blaustein and
Schwartz, 2001).
Long-lasting life histories are severely limited and in a majority of species the resting egg or a dormancy stage is a better way to overcome adverse conditions. Individual growth being limited to a single, short favourable season precludes large
aquatic predators and competitors from thriving, and this has allowed for the survival of species now considered relict, although widespread in the past. On the occa-

(1)
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sion of the 150th anniversary of the Origin of Species, it is only fitting to quote Darwin’s deep and elegantly expressed insights (Darwin, 1859), that “it is in fresh water
basins that we find... these anomalous forms [which] may be called living fossils; they
have endured to the present day, from having inhabited a confined area, and from
having been exposed to less varied, and therefore less severe, competition”. And later,
when realising that climate factors may be easier to overcome than natural enemies:
“we have reason to believe that species in a state of nature are closely limited in their
ranges by the competition of other organic beings quite as much as, or more than,
by adaptation to particular climates”. The key value of seasonal drought to understand many distributions, including living fossils, specific of temporal pools, follows
naturally from: “we see that the range of the inhabitants of any country by no means
exclusively depends on insensibly changing physical conditions, but in large part on
the presence of other species, on which it lives, or by which it is destroyed, or with
which it comes into competition; and as these species are already defined objects,
not blending one into another by insensible gradations, the range of any one species,
depending as it does on the range of others, will tend to be sharply defined”.
Current research on temporary aquatic systems has revealed how remarkable single ponds or clusters of neighbouring ponds are —pondscapes—, as model systems
where a multiplicity of approaches can be performed, and where general ecological
and evolutionary issues can be further developed at infra or multispecies levels
(Williams, 2006). De Meester et al. (2005) made a strong point for the high scientific value of ponds and pools as model studies for ecology and evolutionary topics,
as Blaustein and Schwartz (2001) formerly recognised for temporary pools. The latter authors acknowledged a variety of topics of study that are favoured by the special
characteristics of temporary waters, especially their episodic character as a common
trait of temporally unpredictable resources. They can be compared to temporal
resources such as fruits, fungi, dung, carrion and other ephemeral habitats, from
which they otherwise diverge by their greater spatial predictability, since much of
them have been long established as geomorphological entities within the landscape,
and can even be considered amongst the oldest or more permanent epicontinental
habitats (Fryer, 1996). Temporal uncertainty —i.e. time and length of the hydroperiod—, and the effect of predators, hold the key to the evolutionary strategies that
can be found in them. A handful of selected topics have been especially dealt with in
recent years. I summarise here some of those concerning life history evolution, population geographical structure and community betadiversity. I chose to illustrate
these aspects mostly with examples from branchiopod crustaceans, a taxonomic
group with obligate aquatic species which, just as some groups of dipterans, singularly evolved under the specific and unique conditions imposed at the extreme of the
spectrum of temporality (Williams, 2006).
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LIFE-HISTORY EVOLUTION: UNCERTAINTY AND RISK SPREADING
For single species, adaptive life-histories showing a clinal variation concentrate much
of the evolutionary biology thinking, since they prove evolution in action. One of
the most relevant life-history traits is the mode of reproduction. In the tadpole
shrimp, the famous living-fossil Triops cancriformis, populations may be bisexual,
androdioecious (hermaphrodites plus a few males), or hermaphrodite. The bisexual mode of reproduction is believed to be the ancestral type, and is only found in the
Iberian Peninsula, an area that sheltered the old Tertiary lineages during the Pleistocene glaciations. The remaining modes are found elsewhere, especially in central,
eastern and northern latitudes in Europe. They are considered recent reproductive
strategies, assuming they presented an advantage for postglacial colonisation
(Zierold et al., 2007). This illustrates a case of «geographic hermaphroditism». Its
biological significance matches that of the «geographic parthenogenesis», a pattern
found in some crustaceans, particularly ostracods. The trade-off concerning the
mode of reproduction that many species face living in temporary ponds makes sense
within the context of the so-called ‘paradox of sex’. This argues that in a species with
both parthenogenetic and sexual populations, the latter should be less fit demographically, by the very presence of unproductive males. The more competitive
parthenogenetic strategy should spread and invade the older bisexuals, all other
things being equal. At any rate, at least for well studied species, the geographic distribution of these modes of reproduction is not random, and sexual strategies dominate around the Mediterranean or southern sites, whereas in central to northern
Europe parthenogenetic clones prevail. What mechanism compensates for the cost
of males in the bisexual populations of lower latitudes? Given that the established
benefits of sexual recombination operate on changing scenarios at broad time scales,
the ecological benefits at short time scales need to be clarified. These benefits are
believed to reside in the increasing variance and increasing average lag of hatching
time of the sexually produced eggs, compared to the shorter and more uniform
hatching response of parthenogenetic resting eggs, as controlled experiments have
revealed (Fernandes et al., 2008). Thus, the cost of males should be demographically compensated for, somewhat counterintuitively, by the advantage associated to a
«risk spreading» strategy in habitats with more unpredictable hydroperiods.
The resting eggs of many crustaceans inhabiting Mediterranean temporary ponds
have a refractory phase when they are insensitive to the stimulus for hatching. This
phase can last from a few weeks in cladocerans up to four months in some ostracods.
A stage of dormancy has been proved general in zooplankton, with cases of resting
eggs that remain viable for decades (Hairston, 1996). Some lake sediment cores allow
to experimentally resurrect populations from decade-aged ephippia, and compare
the resulting adult forms to present ones to check for microevolutionary adaptations
in eutrophied lakes.
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The distribution of resting eggs in beds of temporary pools and the assessment
of the fraction released have intrigued several authors (Mura, 2005, Hotový and
Petrusek, 2007), since they condition hatching success in pools with variable water
levels (Philippi et al. 2001). Mura (2005) has approached the question by growing
the anostracean Chirocephalus ruffoi in an experimental pool unperturbed by watering cattle. Results showed that cysts were widespread but increased in numbers on
the peripheral areas of the pool, being a preferred place by this anostracean. Within
the sediment, cyst number decreased with depth up to 2.5cm. Hatching delay after
inundation increases with sediment depth as well, and is thought to be related to the
gradual chemical variation of sediment conditions. Moreover, as the rapid dehydration of eggs enhances their hatching, the rapid dehydration of the surface eggs contributes to accelerate their hatching response to environmental cues. Overall, dormant resting eggs adapt to the species life cycle to avoid egg bank depletion during
periods of rainfall that may occur shortly after desiccation of the pool in spring or
summer. Both delayed and asynchronous hatching are seen as mechanisms to spread
the risk of desiccation, like adaptation to ecological instability that allow populations
to persist under highly unpredictable hydroperiods. As reduced hatching rates result
in the accumulation of dormant eggs, the primary dispersal units, the dispersability
of populations is enhanced.
LONG TERM FITNESS MODE OF SELECTION
The geographical gradient of reproductive modes and its correlate of delayed and
variable hatching are but a risk-spreading response. Spreading risk in unpredictable
environments by producing offspring of different phenotypes was first conceived by
Cohen (1966) to account for seed germination delay in plants, and was later extended to variable diapausing in crustaceans (Hairston and Munns, 1984). Theoretically, its consequence is to dampen the temporal variance of the population annual rate
of growth. In a pure Darwinian logic, it illustrates the fact that, to maximise longterm fitness in a variable environment, the best strategy is to reduce the variance of
a series of annual values, at the very expense of decreasing its arithmetic mean. The
concept is encapsulated by the geometric mean fitness (G). The lifestyle emerging is
an example of the “bet-hedging” strategy devised by Bernoulli in 1738 concerning
economic risks, and consists of minimising losses by spreading the risk across a set
of independent events (Stearns, 2000, Wilbur and Rudolf, 2006). Bet-hedging theory in evolutionary ecology can be approached heuristically by means of the Richard
Levins fitness-sets models. Predictions arise about the threshold of environmental
variability that produce a shift from a basic generalist strategy to a bet-hedging strategy (Donaldson-Matasci et al., 2008). To favour bet-hedging, offspring size should
be accordingly enhanced by increasing the resources allocated to reproduction. Yet,
for a given parental effort, a trade-off exists between the number and the size of the
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offspring. Under environmental unpredictability, it can be proved that the best solution involves many offspring (Simons, 2006) at the expense of their individual size.
Bet-hedging is based on the expression of phenotypic polymorphisms. These polymorphisms in the life-cycle of a species are not limited to cyst hatching variability.
Bisexual populations promote allelic recombination through sexual reproduction.
As evolution by natural selection takes place at the gene level, selfish gene spreading
in a risky environment will do well to pass on to the offspring in a variety of genotypic combinations. Sex is but the bet-hedging strategy of a gene struggling to spread
in an uncertain future.
As it spreads offspring over several years, increased variance in offspring lagged
hatching can be compared to an iteroparous strategy, since both are responses to
temporal environmental uncertainty (Wilbur and Rudolf, 2006). In some ways,
genuine species with extreme hatching variances parallel long lived species, their
longevity being replaced by the egg bank offspring viability. This sets the dwellers
of Mediterranean temporary pools apart from the r-mode of selection that so distinctly shapes pioneering and runaway species that face spatial and temporal environmental uncertainty. One of the effects of G-mode selection is that the advantage of high population growth in a good year is not exactly balanced by the effect
of harmful years in terms of the geometric mean (Gillespie, 1974; quoted in
Stearns, 2000). If the evolutionary pay-off of taking advantage of a favourable year
is so limited, we would perhaps do best to emphasize persistence over growth as
the rationale operating in the long run. Long-lived species maximise a per-generation fitness function as well, which significantly makes its fitness independent of
the time elapsed.
Overall, long-term fitness and its bet-hedging optimal strategy is a free-standing
structure that still challenges the unifying goals of evolutionary theory, if compared
to Darwinian extensions such are inclusive fitness or evolutionary stable strategies.
A general quantitative framework to overcome the fact that natural selection theory “has obstinately remained in words since 1859” (Grafen, 2007) is still lacking.
PHENOTYPIC PLASTICITY
Life-history traits are not alone in facing environmental variation (Meyers and Bull,
2002). If phylogenetic or allometric constraints lead to low fecundities, a reduced
demographic background precludes the mechanisms of “eating variance” through
variation between offspring. Eurioic species have developed at the individual level
physiological abilities to respond to environmental variation. If the environmental
variation is discrete and predictable at the scale of an individual’s life span, a complementary path is through phenotypic plasticity, acting on survival at different life
stages, as in the variation in the timing of metamorphosis in tadpoles. Species that
are able to survive in pools ranging widely in temporality can experience alternative
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selection pressures along this gradient. On the opposite end of the imminence of
drought for ephemeral water bodies, longer hydroperiods favour higher prevalence
of invertebrate predators. Recent advances in developmental phenotypic plasticity
add to the evolutionary picture a plethora of defensive morphological and behavioural adaptations that can be found as reaction norms of prey species reacting to
kairomones or other environmental cues revealing the presence of predators, and
are susceptible to variable selection strenght, depending on the cue accuracy (Leimar,
2009). Reaction norms activate developmental paths leading to costly adult defence
morphologies that are not maintained in the absence of predators. Even under this
frame, some findings are truly unexpected and are challenging the taxonomy of long
established taxa, as the case of Daphnia bolivari, armed with a “crown of thorns” and
a longer tail spine that were established as taxonomic traits distinguishing it from D.
atkinsoni, but have been recently proved to be environmentally induced by chemical cues released by Triops cancriformis (Petrusek et al., 2009). A phylogenetic molecular tree does not support the monophyly of the armed form either, and thus the
value of the taxa seems to be rejected (op. cit.).
POPULATION GEOGRAPHICAL STRUCTURE
Life styles imposed by temporality influence dispersal skills and shape population
geographic structure. Bridging the unfavourable dry season by resting eggs passively being dispersed at long distances by wind, water, insects, amphibians or waterfowl,
supported a classical long lasting view that species dwelling temporary waters should
be genetically homogeneous with well-connected populations. But detailed morphological descriptions of cladocera during the second half of the last century
revealed at least a continental-endemism structuring. Recent evidence for several
taxa showing a puzzling geographic structure is invalidating the old paradigm of cosmopolitanism in freshwater invertebrates. This trend has been strengthened in the
last few years in favour of a marked provincialism and a regional-endemism view
that is supported by molecular markers (Adamowicz et al. 2009). Tertiary climatic
forcings promoting adaptation to cold environments and mass extinctions causing
range contractions have been alleged to explain current distributions (Korovchinsky, 2006, Belyaeva and Taylor, 2009). In a different scenario, a path of Pleistocene
refugia in the Mediterranean area has been revealed as responsible for the unexpectedly rich genetic structure and local endemism in the anostracean brine shrimp
Artemia salina (Muñoz et al., 2008), currently threatened by anthropogenically dispersed alien invaders, such as Artemia franciscana, a usual component of fish-food
in aquaculture. Yet parallel results have been found in notostraceans, with highly
restricted haplotypes of Triops mauritanicus in at least three regions of the Iberian
Peninsula (Korn et al., 2006). However, when comparing parthenogenetic Italian Triops populations, genetic similarities were found to be high and overall genetic vari28
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ation low, challenging the view that parthenogenesis is a fast way of spreading and
local adaptation (Mantovani et al., 2008).
The accretion of egg banks in the temporary ponds would represent a strong
buffer against the invasion of new migrants preventing dispersals to finally invade
local populations. The mechanism involves a combination of factors that would
include a fast population growth up to carrying capacity sequestering local resources.
Indeed, a probable additional local adaptation would reduce the establishment success of new invaders, and thus of interpopulation gene flux. This population scenario
was stated by De Meester et al. (2002) and called the Monopolization Hypothesis, to
account for the empirical evidence accumulated over the last years of a pronounced
degree of local genetic differentiation apparently irreconcilable with the high dispersal scenario. This hypothesis sets the ecological foundation for the previous
recognition of the relevance of founder effects in pond populations, and conjectures
the role of local rapid adaptation in preserving the spatial population structure of
many species otherwise able to passively disperse over long distances.
BETADIVERSITY
Our understanding of how the variety of population processes that are specific to
temporary ponds scale up and contribute to characterise the structure, stability and
diversity of temporary pond communities, is rather poor. Yet there are reasons to
suspect that a significant role is played by metacommunity structure, that is, by the
impact of dispersal on the local communities and by how species sorting proceeds
with the combination of local interactions, dispersal, and environmental temporal
variation. Overall, a picture of stability seems to be revealed at the landscape level,
as captured by a measure of betadiversity, which assesses the spatial metacommunity heterogeneity based on the compositional dissimilarity between ponds.
Regional pond diversity of plants and macroinvertebrates was unusually high when
compared with other aquatic systems such as rivers, streams and ditches of an agricultural landscape (Williams et al., 2003). In addition to the biological processes in
the immediate surroundings, additional landscape factors need to be taken into
account if we are to assess all the factors that are important for the conservation of
pond biodiversity. These include the spatial heterogeneity and how it shapes the pattern of pond connectivity.
The small catchment area of ponds allow them to behave idiosyncratically, reflecting local features of the lithological substrate, the nearby land use, including cattle
pressure, or the successional vegetation level. These local factors shape much of the
functional properties of ponds as open ecosystems. Water hydrochemistry is highly
variable in response to these influences, and undoubtedly plays a key influence on
nutrient cycling and organic matter availability. Locally changing water ionic composition provides for long ecological gradients and shapes the species´ physiologi29
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cal tolerances, determining their competitive skills within local communities.
Local dispersal dynamics have rarely been quantified. Data on passive propagule
flows for different invertebrate groups through wind, water and frogs obtained in
rock pools in South Africa (Vanschoenwinkel et al., 2008), show compelling evidence
for the intensity of dispersal rates and their relevance in species sorting. In macroinvertebrates, the impact of dispersal rates on community structure depends on the
type of dispersal. Whereas active dispersers homogenise communities by over-land
dispersal, passively dispersed groups show positive correlations between spatial distance and dissimilarity, by their influence on neighbouring ponds (Van de Meutter
et al., 2007). Experimentally controlling planktonic dispersal has proved useful to
clarify their stabilizing effects through dampening trophic cascade dynamics in pond
metacommunities (Howeth and Leibold, 2008).
Well contrasted empirical data combining genetic distances and dispersal measures are available for assessing the spatial scale at which genetic homogeneity prevails. For several anostraceans, this has been shown to be in the order of only 50 to
100m (Hulsmans et al., 2007). But we still lack enough empirical evidence on this
topic to ascertain how dispersal within a particular landscape determines connectivity of ponds and can thus influence metacommunity structure. For applied purposes, as for amphibian conservation, connectivity in highly modified landscapes occupied by urban systems should take into account the great differences in resistance to
movement by different land use elements between pools (Compton et al., 2007).
Historically, large-scale spatial and temporal ecology of ponds has been poorly
supported on empirical grounds, since their study developed along two alternative
independent traditions (Jeffries, 2005): extensive single-snapshot surveys; or intensive, long lasting, single-site monitoring. Such field-work limitations hindered an
understanding of their ecological integrity. If pond biodiversity conservation were
to depend more on what happens over landscapes and years than on any management scheme within a single pond, then we would need to incorporate full spatialtemporal programmes to overcome the problem. In a ten-year study of 30 pond
macrophyte metacommunity, non-random predictable mechanisms dependent on
fine scale hydrological factors were found responsible for the maintenance of the
overall betadiversity (Jeffries, 2008).
Multivariate ordination techniques allow the metacommunity variance to be partitioned between spatial and environmental variables, and can be used to explore the
importance of dispersal restrictions. For taxa with efficient dispersal, the structuring of communities has been shown to depend on local processes such as food-web
and autoecological forcings. For instance, phytoplankton communities in a system
of interconnected permanent ponds were very effectively sorted along such gradients (Vanormelingen et al., 2008). Similarly, local environmental factors drove the
zooplankton composition (Cottenie et al., 2003), and zooplankton richness was
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determined by the clearwater/turbid pond state (Cottenie and De Meester, 2003).
Higher geographic scales of community assembly have been approached with
incidence functions based on presence/absence data. The significance of the patterns
revealed have a long history of debate, set off by the analysis of bird species distribution on islands of different sizes (Diamond, 1975, Connor and Simberloff, 1979).
Statistical analyses of zooplankton species co-occurrence at a broad range of spatial
scales support the view that regional non-interactive patterns prevail, and are not
masked by so-called quorum effects, i.e. the local structuring of the most influential
species already present (Jenkins, 2006). Incidence functions for odonate larvae have
been assessed based on repeated surveys along a temporality gradient from ephemeral pools to permanent lakes. Species richness increased all along, and species sorting under niche-based mechanisms dominated in the most permanent water bodies, whereas dispersal affected assembly community in those water masses that
periodically dried up (McCauley et al., 2008). This approach illustrates how studies
of community patterns along environmental gradients properly grounds metacommunity ecology, since it matches temporary pond ecology up to other gradient-based
model systems where a driving factor sorts the impact of ecological processes –such
as depth in rocky benthic ecology or altitude in plant communities. A general picture emerges by which environmental cyclic events or perturbation regimes sort the
strength of predation, competition and dispersal in structuring the communities,
and organise the main selection pressures along the gradient. Research on temporality gradients would probably warn us about how metacommunities will tune to
varying conditions in reacting to ongoing climate change (Giorgi and Lionello,
2007). We know very little about to what extent non-linear dynamics and thresholds
may drastically shift community and ecosystem processes. Climate trends could
directly force and erode the genetic basis of the phenotypic variances of traits that
are mutually bound through life-history trade-offs. Theoretical attempts to model,
in multispecies guilds, the variation in quantitative traits involved in ecosystem function (Norberg et al., 2001), constitute an important landmark in incorporating community ecology into the evolutionary synthesis. They persuade us of the suitability
of a metacommunity approach, and of the expectations in considering local communities as entities that, in an extended Darwinian sense, respond adaptively to environmental change (Norberg, 2004, Leibold and Norberg, 2004). With so promising
a future, temporary pond researchers should not stay on the bench.
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GLIMMERINGS FROM THE HOGWALLOWS(*)
Holland, R.F.

(1)

INTRODUCTION
The basic concept is simple: Vernal pools are seasonal wetland ecosystems, where
inundation during winter alters with desiccation during summer. Typically, there is
some impervious layer in the soil profile that leads to a seasonally perched water
table. Vernal pools develop where small irregularities in the soil microtopography
intersect this seasonally perched water table (Figure 1).
Figure 1. Idealized cross section of a vernal pool, showing water table perched on duripan.

(*)

Robert Bieri, an oceanographer, was one of my early mentors. Dr. Bieri studied neuston, plankton uniquely associat-

ed with the ocean’s surface, and was a world authority on the Phylum Chetognatha, the arrow worms. Over his should
be career he published a series of short notes under the running title “Glimmerings from the plankton net”. Among the
things he taught me was that you didn’t have to go to exotic places, you could find beautiful biology right in your own
back yard if you would just go look. This lesson has served me well throughout my long affair with vernal pools. Dr. Bieri
lost his battle with cancer about a year before I won mine, and I dedicate this paper and its title to his honor.
(1)

Geobotanical Phenomenology - 3371 Ayres Holmes Road Auburn, CA USA 95602 – 530 888 9180

drbob.geobot@hughes.net

37

Temporary ponds: Global views

Environmental conditions in vernal pools are harsh. Plants and animals must be
able to survive saturated, anaerobic soils at temperatures near biological zero (<5Co)
for several months each winter, complete their life cycles during the short spring,
then endure the rainless summer (high temperatures 45-50 Co). Zonal upland
species cannot tolerate the winter wetness. Zonal wetland species cannot tolerate
the summer drought.
California’s flora has radiated extensively into the vernal pool habitat, apparently more so than any of the world’s other regions with Mediterranean climate. Several hundred California plants are closely tied to vernal pool habitats. Vernal pools’
insularity, when coupled with the topographic, geologic, and climatic diversity of
California, has fostered the radiation of genera, tribes, and even families of plants.
Most of these plants are California endemics or near-endemics. Some genera have
single, self-pollinating vicariants in sub-temperate South America.
California and southwestern Europe share a similar winter-wet, summer-dry climate, with rainfall exactly out of phase with summer growing season; most California vernal pools are found in regions that receive 25-100cm of precipitation annually. We also share similar latitude, but most of California would be in the
Mediterranean Sea. The Mediterranean influence is limited inland by the mountains of the Cascade-Sierra Nevada, Transverse, and Peninsular ranges, generally
within ~200 km of the coast (Figure 2).
Figure 2. MODIS satelitte images of western North America and the Mediterranean region, midMarch 2009, showing the north and south known limits of vernal pool plants, the north and south
limits of California’s Mediterranean climate, and the north and south limits of the state.

Floristic comparisons:
Iberia
California

Area, km2
584,485
406,254

Number of taxa
10,000
7,600
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Taxa/km2
0.012
0.019
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Plants of California vernal pools that a European is likely to know include: Spergularia rubra, Crassula (Tillaea) aquatica, Trifolium dubium, Mentha pulegium,
Lythrum hyssopifolia, Plantago coronopus, P. lanceolata, Veronica peregrina, Juncus
bufonius, J. capitatus, Eleocharis acicularis, E. macrostachya, Agrostis avenacea, Aira
caryophyllea, Crypsis (Heleochloa) schoenoides, Gastridium ventricosum, Glyceria declinata, Hainardia (Monerma) cylindrica, Hordeum marinum gussoneanum, H. murinum leporinum, Lolium perenne, and Phalaris paradoxa. Most of these plants are
broadly distributed around the world, and many are considered more or less weedy
in California.
Plants of California vernal pools that a European is unlikely to know. Several
groups of California plants have radiated extensively into vernal pools. Examples
include Downingia (Campanulaceae, 15 taxa), Lasthenia (Asteraceae, 18 taxa), Limnanthes (Limnanthaceae, 14 taxa), Eryngium section armata (Apiaceae, 14 taxa), and
the entire tribe Orcuttieae (Poaceae, 10 taxa in 3 genera). Several of these plants are
known from just a handful of populations and are listed under Federal or California
endangered species laws. Tuctoria mucronata (Poaceae), Downingia concolor brevior (Campanulaceae), Plagiobothrys hystriculus (Boraginaceae) and Limnanthes floccosa californica (Limnanthaceae) each have global distributions smaller than the
island of Minorca.
Animals also have radiated extensively into California vernal pools. Four genera
of bees have coevolved with several plant genera including Blennosperma (Asteraceae), Downingia (Campanulaceae), Lasthenia (Asteraceae), and Limnanthes (Limnanthaceae). These solitary bees gather pollen from specific vernal pool host plants.
The pollen is stored in wax-lined underground chambers dug by the female. Each
brood chamber contains a single ball of pollen about 5 mm in diameter, atop which
the female lays a single egg. Each female lays 15-25 eggs, and there is just one generation per year. The egg hatches, the larva eats the pollen store and pupates. The
adult emerges within a few weeks, but remains underground over the ensuing summer, fall, and winter, spending the majority of its life cycle quiescent underground.
Each pollen source is available for only 2-3 weeks during spring; the bees must time
their emergence to coincide with pollen availability.
Summer desiccation precludes competent predators such as fishes from vernal
pools. Several anostracan genera have radiated into this environment. These fairy
shrimps have several adaptations for coping with the cycle of inundation and desiccation. Rather than broadcasting fertilized eggs, the female retains her eggs in a
brood sack for several weeks, by which time each embryo has grown to be a cyst of
several thousand cells. The cysts are shed into the bottom mud as the water recedes
in spring. Because the cysts have developed so many cells, they can emerge in just a
matter of hours after reinundation: some species reach reproductive maturity within a week of emergence. The cysts are remarkably tough. Cysts have been revived
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after 20 years of storage in jars. They can survive boiling in water or freezing in liquid nitrogen. They have survived up to three years of ionizing radiation and the vacuum of space aboard satellites.
There are two amphibians closely associated with California vernal pools: the California tiger salamander and the western spadefoot toad. These animals use vernal
pools for reproduction, but spend the majority of their lives in other habitats. Both
escape summer desiccation by burrowing deep into the bottom mud or in some
other animal’s burrow, where their metabolic rate drops to astonishingly low levels.
These animals also have the capacity to accelerate larval development when faced
with rising water temperature and falling water levels in late spring.
I address three topics. First, I review recent developments in vernal pool hydrology. This work by Mark Cable Rains et al shows that Northern Hardpan Vernal
Pools and Northern Claypan Vernal Pools (Holland, 1986) have different hydrologic regimes. Next, I will discuss results from a California-wide classification of vernal pool vegetation that has been on-going since 2001 (Barbour et al., 2003, 2005).
Finally, I will summarize recent mapping of extant habitat and a predictive biogeographic model of what the preagricultural distribution of 82 vernal pool plants and
animals might have looked like (Holland and Hollander, 2007).
Mark Cable Rains and his colleagues and students have broken new ground in
understanding vernal pool hydrologic processes. They compared hydrologic
regimes in vernal pools on clay-rich soils and on hardpan soils (the two most common edaphic settings for Great Valley vernal pools) over two water years (Rains et
al., 2006, Rains et al., 2008). The clay-rich soils developed in fine grain alluvium
derived from the Inner North Coast Ranges, where the rocks are sediments and
metasediments of marine origin (Dickinson and Rich, 1972). These deposits produce a high proportion of silt and clay particles with elevated sodium concentrations.
The high sodium concentration enhances the dispersion of colloids, leading to elevated turbidity. The hardpan soils developed in coarse grained alluvium derived
from the Sierra Nevada Mountains, where intrusive igneous rocks prevail. This alluvium consists of quartzite cobbles in a coarse sandy matrix with very little clay (Tugel,
1993). The clay soil site was essentially flat (slope of <0.1%) and, at just 3.6 to 4m
above sea level and ~50km inland, drained very slowly. The hardpan site slopes at
~2% to the northwest and is much better drained.
They deployed pressure transducers in each of three interconnected pools at each
study site, with additional instrumentation recording precipitation, evaporation,
radiation, temperature, wind speed and direction, and calculated potential evapotranspiration (Figure 3 and 4). They deployed a series of soil piezometers to monitor height of the perched water table. They measured electrical conductivity, pH,
sodium adsorption ratio, and turbidity, plus concentrations of major cations (Na, K,
Mg, Ca) and anions (Cl, SO4, HCO3+CO3, SiO2, NO3-N, PO4-P) in weekly samples
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Figure 3. Hydrometric instrumentation and water sample locations at the hardpan site. The
instrumentation array was similar at the clay-rich site.state.

of pool water, ground water, and rain water.
About 7cm of water stood in the pools at the clay-rich site after 7cm of rain fell
over 3 days in early November 2003 (Figure 4, left). Later in the rain year, water surface elevations began to rise with the onset of rainfall, and would continue to rise for
1-2 days after precipitation had ended. Infiltration was limited: with shallow core
and neutron probe data indicating soils were saturated only in the top few cm. None
of their piezometers showed any perched water table over the entire study period:
the standing surface water was perched on the clay-rich surface soil. Water levels
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Figure 4. Precipitation and pool stage above sea level in three vernal pools at two sites.

receded at rates comparable to evapotranspiration in periods between storms.
No water stood in the hardpan site pools after the early November storm, but about ¾
of the shallow piezometers had perched water present (Figure 4, right). Water stood in the
pools only after ~15cm of cumulative precipitation. Water levels continued to rise for 23 days after precipitation ended. Surface water flowed through the interconnecting swale
between pools, but, for any given pool, surface water outflows always exceeded surface
water inflows. Variations in SiO2 concentrations in rain water, up-gradient perched ground
water, pool water, and down-gradient perched ground water showed that 35-60% of vernal pool water during and immediately after storms was derived from perched ground
water. Ground water recharge from the pools to the perched water table accounted for
about 30% of down-gradient perched water during rainless periods. Drawdown rates
exceeded evapotranspiration rates in periods between storms.
Waters from the clay-rich pools had higher conductivity, pH, sodium adsorption ratio,
and turbidity, and higher concentrations of sodium, potassium, chloride, sulfate,
HCO3+CO3, and PO4-P than waters from the hardpan pools (Table 1). Waters from hardpan pools had higher concentrations of calcium, SiO2, and NO3-N. Waters from vernal
pools on hardpan had major cation and anion concentrations much closer to those seen
in rain water, while cation and anion concentrations in vernal pool waters from the clayrich site are elevated.
Hydraulic conductivity is extremely low on the clay-rich soils (~10-8 cm/s) due to the
fine sediments, swelling of smectite clays, and clogging of pores by dispersed clay particles. Water is perched on the soil surface and evapoconcentrates over the flooded season.
Late in the flooded season the water supersaturates and a crust of evaporites accumulates
on the vernal pool bed. These salts are redisolved when rains return in fall, resulting in
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Table 1. Chemical hydrology of vernal pool waters on clay-rich and hardpan soils.

electrical conductivities an order of magnitude higher than in rainfall even early in the
flooded season.
Hydraulic conductivity is much higher at the hardpan site (10-4 – 10-1 cm/s) and
would be even greater but for the hardpan and its overlying argillic horizon. Vernal
pools on hardpan soils function as integrated surface water and perched ground water
systems. When vernal pool stages exceed the height of the pool’s invert, outflows occur
by both surface runoff and perched ground water recharge. When stages are below
the invert, outflows continue to the perched water table. Subsurface lateral water flow
above the aquatard exports salts, leading to lower pH, electrical conductivities, and
exchangeable sodium. There is some evapoconcentration at the end of the wet season, but it is ameliorated by continued inflow from the perched water system.
Rains’ et al results show that despite their superficial similarity, vernal pools on
clay-rich soils are markedly different from vernal pools on hardpan soils with respect
to geology, soils, and chemical and physical hydrology. At the clay-rich site the soils
have developed in fine grained parent material derived from marine sediments and
metasediments. The soils are saline and sodic clays. The water in the pools is
perched on the soil surface, and is saline, sodic, and turbid. Turbidity and low nitrogen availability are limiting. At the hardpan site the soils have developed in coarse
grained parent material primarily derived from igneous rocks; they are coarse over
argillic horizons and an iron- and silica-cemented duripan. The water in the pools
functions as an integrated system of surface and perched ground water flows, is fresh
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and clear, and is phosphate limited. These studies provide a coherent physical and
chemical differentiation between claypan and hardpan vernal pools.
Vegetation classification: Michael Barbour undertook a classification of California vernal pool vegetation using European techniques beginning in 2001. He
brought Ayzik Solomeshch (Russia), Sarel Cilliers (South Africa), and Jose Antonio
Molino (Spain) to California to work with a crew of California botanists for a field season. We taught them the plants, and they taught us European classification techniques.
Prior studies of California vernal pool vegetation have used a “whole pool”
approach, where the sample unit is the entire pool (Holland and Jain, 1981). While
satisfactory for insular biogeographic studies, this sample approach combines several distinct microhabitats, each with distinct vegetation, and clouds vegetation classification. Our European visitors persuaded us to abandon that approach in favor of
plots of constant size placed within homogeneous stands.
Individual California vernal pools typically have 2-4 distinct plant communities
segregated along the microtopographic gradient. We visually subdivided each sample pool into homogeneous areas based on color, height, or dominant growth form,
then placed plots in each homogeneous area. Usually these were 3.12m squares, but
we also used 2.5 x 4m, 2 x 5m, and 1 x 10m plots, where necessary, to keep the sample homogeneous. The color-coded floral displays simplified plot placement. Each
species present in the plot was noted and scored for percent cover. We measured (to
the nearest cm) each plots’ elevation below the pool’s invert with a laser level. Stand
data were collated with Turboveg and analyzed with a variety of classification and
ordination methods. To date, we have sampled more than 2,400 releves from over
700 vernal pools at nearly 100 locations.
All the vernal pool vegetation we have sampled to date belongs to a single class:
Downigio-Lasthenietea. Diagnostic species for the class include Alopecurus saccatus,
Callitriche marginata, Crassula aquatica, Deschampsia danthonioides, Downingia
bicornuta, Elatine californica, Eleocharis acicularis, Eryngium vaseyi/castrense, Isoetes
orcuttii, Juncus bufonius, Lasthenia fremontii, Navarretia leucocephala, Pilularia
americana, Plagiobothrys stipitatus micranthus, Pogogyne zizyphoroides, Psilocarphus
brevissimus, and Veronica peregrina xalapensis.
California vernal pools are similar to European ephemeral wetlands of the class
Isoeto-Nanojuncetea in the joint presence of Centunculus minimus, Crassula aquatica, Eleocharis acicularis, Juncus bufonius, J. capitatus, Lythrum hyssopifolia, Mentha pulegium, Montia montana, and Myosurus minimus. Most of these plants have
broad geographic distribution in California and grow in several other habitats in
addition to vernal pools. Vicariant genera include Callitriche, Elatine, Eleocharis,
Isoetes, Marsilea, and Pilularia. California vernal pools are uniquely characterized
by the high number of species and genera endemic to California or western North
America, including Downingia, Lasthenia, Navarretia, Plagiobothrys, Pogogyne, and
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Psilocarphus.
So far, we have recognized three orders within the class Downingio-Lasthenietea.
The order Lasthenietalia glaberrimae grows in the deeper part of the basin, where
inundation is longest. We have recognized a single alliance and six associations. The
alliance is found on a great variety of geologic substrates, landforms, and soils. Three
of the 6 associations are characteristic of hardpan soils, and 3 are characteristic of
claypan soils. The order Downingio-Lasthenietalia flourishes in the shallow margins of the basins and includes 22 associations in four alliances. One association is
characteristic of vertisol soils, one of thin soils on old volcanic flows, and 2 are characteristic hardpan soils. The order Frankenio-Lasthenietalia is uniquely associated
with saline and/or alkaline sites and includes a single alliance of 11 associations. This
order is marked by the presence of halophytes, many of which are perennials. Many
of the pools in this order are heavily invaded – or even dominated – by introduced
taxa such as Crypsis schoenoides, Polypogon monspeliensis, or Cotula coronopifolia.
Seventeen vernal pool regions have been recognized in California (Keeler-Wolf
et al), including 6 that subdivide the Great Valley. Of the 29 associations and communities we have recognized in the valley, 21 are found in just one of the 6 regions.
Only 2 of the 29 associations range over four or more regions. Associations of longinundated pools tend to be more broadly distributed than short-inundated fresh
water pools or than saline/alkaline pools. This stems from deeper pools harboring
fewer species, which limits the choice of diagnostic species.
The high turnover in associations across vernal pool regions has implications for
conservation. A system of reserves adequate to capture the full range of community types will require multiple components: only a small percentage of diversity can
be captured in any single reserve, no matter how large the reserve might be. At best,
each region deserves its own network of reserves.
Each of the associations is geographically autonomous, meaning it can be spatially associated within a given pool with any of several other community types.
Some combinations of community types are more common than others, but the fact
remains that individual pools usually are composed of 2 or more individual communities. Vernal pool vegetation can be classified most accurately and defensibly by
sampling homogenous sub-pool units, rather than entire pools as a unit.
At the time of Spanish contact, about half of the area of the Great Valley likely had
vernal pools within the view shed of an upright bipedal sentient being (Holland and
Hollander, 2007). This ~7 million acres has been much reduced, first by agricultural
development and mineral extraction, and more recently by urban expansion. The
most recent estimate put surviving grassland with vernal pool habitat just above
967,600 acres in 1997 (Holland, 1998a), an 87% reduction. The intersection between
this degree of habitat loss and the intrinsically localized distributions of many vernal
pool taxa has lead to several species being listed as Rare, Threatened or Endangered.
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The first digital map of Great Valley vernal pool distribution (Usfwsvp.shp, Holland, 1998a) mapped 1,971 patches of surviving vernal pool grassland that collectively encompassed 1,032,853 acres. Reference to a 1997 U2 flight covering the Great
Valley mapped 1,917 patches totaling 967,643 acres (Holland, 1998b). The object of this
study was to update the available 1997 mapping to 2005 conditions, and to identify for
the first time the land uses to which vernal pool landscapes were being converted.
The first digital map of Great Valley vernal pool distribution was based on air
photos taken over the period from 1976 to 1995, with the majority taken between
1982 and 1992. The photos were vertically oriented 35mm true color slides that covered about 1x1.4 miles, with 20% front- and side-lap, taken from a specially equipped
aircraft that flew at constant height above the ground. The slides were taken by a
program in the California Department of Water Resources that maps the origin, distribution, and use of agricultural water throughout cultivated California. Every slide
from every flight line was visually examined for the characteristic signatures2 of vernal pools. When habitat was encountered, it was mapped onto paper 7.5’ topo
Figure 5. Example image from Thermalito Afterbay, Butte County. Red numbers indicate habitat scores in the original mapping, 1997, and 2005. Low density habitat (ones) nearly surrounds
an area of moderate density habitat (twos). Two areas of low density habitat were converted to
agricultural residential (sevens) between 1997 and 2005.

(2)

The photos were taken during peak irrigation demand: mid summer. At this season the grassland has completely dried:

formerly living plants now stand as dead straw. Vernal pools appear as irregularly dendritic blobs within the tawny matrix
of dried annual grassland. See Figures 3-5
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Figure 6. Example image of high density habitat (threes) near Snelling, Merced County.

graphic sheets. Each sheet was digitized on an ArcInfo workstation upon completion. The density of vernal pools within each polygon was scored low, medium, or
high (Table 1).
Figures 5 and 6 show two representative views of low, medium, and high density
habitat. Over an 18 month period, more than 40,000 slides (covering all or part of
345 7.5’ topographic sheets) were examined in a ~18,000,000 acre study area that
stretched from Shasta Dam south to the Tehachapi Mountains and west to include
several North Bay counties.
In 1997, the California Farmlands Mapping program in the State Department of
Conservation sponsored a U2 flight covering the entire Great Valley. The images are
9x9 inch false-color infrared transparencies at 1:130,000 scale. It took about 1,500
images to cover the valley. Plotting Usfwsvp.shp over available SPOT black and white
satellite imagery at 1:130,000 made it easy to update to 1997 using a light table. Individual vernal pools are not visible at this scale, but changes in land use are readily
apparent. Hundreds of polygons were converted to other uses. Hundreds more were
reduced in size or split into two or more fragments. Polygon boundaries were modified to 1997 conditions. This revised shapefile (Usfwsvp2.shp, Holland, 1998b)
allowed the first calculation of the rate at which vernal pool landscapes were vanishing. This calculation was complicated because the original photos were taken
county-by-county over several decades. Two counties were mapped from photos
just two years old. Two other counties were mapped from 1976 photos. Thus, it was
possible to calculate habitat loss rates for each county, but not for the entire Great
Valley. Usfwsvp2.shp has been available on the Internet for nearly a decade, and was
the starting point for the present study.
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Figure 7. Example image from Shasta County showing several polygons in relation to landforms. The city of Redding is in the lower left; the 6 m wide Sundial Bridge over Sacramento
River is visible inside the circle. The major north-south road is Interstate 5. The one polygon
west of the interstate was urbanized after 1997.

In 2005, the National Agricultural Imaging Program (NAIP) produced imagery
for each of California’s counties. The NAIP images are 1-meter pixel true color
orthophoto mosaics that can be displayed using Geographic Information Systems
technology over a large range of scales without loss of image quality. Working systematically from north to south, I examined each of the 1,917 polygons in
Usfwsvp2.shp in relation to the NAIP imagery. Each polygon was scored using the
same legend used in the previous shapefiles (Table 1). Polygon boundaries were
adjusted to 2005 conditions. Each polygon was scored as to land use using the codes
in Table 3. Figure 7 shows several polygons in relation to landscape in Shasta County. Acreages for individual counties were calculated by clipping the final shapefile
(Usfwsvp2005.shp) with a shapefile of California counties derived from 1:24,000
scale topographic sheets.
RESULTS
The final shapefile is presented in Figure 8. Table 4 summarizes acreages of each
attribute class over the entire survey area. There were 1,781 polygons totaling
1,232,019 acres in Usfwsvp.shp based on photos from various years. By 1997, these
had grown to 1,917 polygons totaling 1,182,738 acres, due to fragmentation. By 2005
there were 1,516 polygons of extant habitat (1,088,580 acres), and 970 polygons that
had been converted to other land uses. The fate of the 970 polygons (132,234 acres)
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Figure 8. Distribution of vernal pools in California’s Great Valley.

that had been converted by 2005 is summarized in Table 5. About 4% of the habitat
extant in the original mapping had vanished by 1997 (38,076/1,220,814, Table 3).
Another ~8% vanished between 1997 and 2005 ((132,234-38,076)/1,220,814), or
about 1% per year.
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DISCUSSION
Given the changes in GIS technology since the original mapping, a few words on
methodology are appropriate. The original maps were sketched by hand from a display screen at about 1:10,400 scale onto 1:24,000 scale topographic sheets and later
digitized by a technician using Arc-Info at a dedicated workstation and digitizing
tablet. The 1997 update was drawn by hand on 130,000 scale base maps. These base
maps were edited by a technician on-screen using ArcView 3.2. The 2005 update
was done entirely on-screen using Arc 9 in the comfort of my own office, a huge
improvement. With just a few clicks one can zoom in or out, overlay maps of topography, geology, or soils, or compare the photomosaic with other imagery from other
dates. The technology truly has come of age over the life of this project.
It was not uncommon to find polygons whose boundaries only approximated the
detail visible in the photomosaics. A typical example would be a field that did not
quite snap to the roads that surround it. Where possible, I edited the polygons to
better match the photomosaic. In most cases, this involved moving a few vertices a
few meters. This study afforded an opportunity to reexamine every polygon as originally digitized, and a systematic error was obvious: most of the polygons as originally digitized and not subsequently encroached upon or eliminated were obviously
too small when compared with the NAIP photomosaics. This accounts for the discrepancy between the results presented here and those from prior versions (1,220,814
acres extant at T0 presented here vs. 1,032,856 acres in Several of the boundaries modified during the 1997 update were poorly registered with the photomosaics, presumably a consequence of the small scale at which the mapping was done. There was a
tendency for areas mapped as extirpated to be too large. In all, I found 36 tracts totaling 3,235 acres that were incorrectly mapped as extirpated in 1997.
Habitat loss continues, and in most counties, is accelerating. Given the current
loss rate of 10,803 acres/year, vernal pools will have vanished from the Great Valley
landscape by 2087. Over 3/4 of this loss is to agricultural conversions apparently
beyond regulatory purview.
Given the degree of habitat loss, how representative is what is left of what once
existed? Could some of the plants and animals we know today from just one or two
counties formerly have survived in adjacent counties where habitat no longer exists?
How representative a sample of original biodiversity does the surviving habitat provide? Are the biodiversity hotspots we know today real, or are they a consequence
of uneven habitat loss? Holland and Hollander (2007) examined these sorts of speculation through an analysis of the potential distributions of 82 vernal pool taxa using
Geographic Information Systems (GIS) technology.
The California Natural Diversity Data Base (CNDDB) is a computerized inventory of documented locations of rare or localized plants and animals. It has been 30
years in the making and now includes ~61,000 recorded locations. This study con
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Figure 9. CNDDB element occurrence records used in this study.

siders the biogeography of 82 taxa for which the CNDDB has compiled available distribution information. CNDDB staff, based on their understanding of each taxon’s
habitat preferences, prepared the list of taxa. Most of these taxa are closely tied to
vernal pool habitats, but a few (for example, Sagittaria sanfordii, or Montia hallii)
more typically exploit other habitats, but occasionally are observed in vernal pools.
In all, we used 3,329 occurrence records scattered over all but five California
counties (Figure 9).
We determined the soils associated with each occurrence by reference to the
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Figure 10. Dot map of occurrences of Limnanthes floccosa californica documented in the California Natural Diversity Data Base.

STATSGO data layer (USDA 1994). This statewide data layer portrays soil associations, usually two or three soil series that share common landscape position, relief,
and drainage. Individual map units are large, averaging around 25,000 to 30,000 acres.
(More detailed SSURGO coverage is incomplete for California and is hopelessly too
detailed, with hundreds of thousands of polygons with inconsistent nomenclature and
that often do not edge-match between adjacent survey areas.) We identified those soil
associations on which each taxon had been reported, and then determined other areas
where the same soil associations were located under an hypothesis of edaphic fidelity. Our premise is that the soils on which a taxon can be found today are those soils
on which the taxon was found in preagricultural time, and therefore we can extrapolate to similar soils beyond the taxon’s currently known range.
Each species’ maximum potential distribution extrapolated from the soil layer
usually was implausibly large. We compared each taxon’s CNDDB location data with
grids of elevation and slope (from USGS 30m digital elevation models, resampled to
100m), and grids of annual precipitation, July precipitation, mean minimum January temperature, mean maximum July temperature, and mean summer relative
humidity (all interpolated to 100m resolution from 1.25 arc-minute PRISM climatic data (Daly et al., 1994; Daly et al., 1997; PRISM 2000). Using simple map algebra,
we extracted those parts of each taxon’s potential STATSGO distribution that were
within the observed ranges of each of the seven topographic and climatic parameters at each taxon’s documented occurrences.
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Figure 11. STATSGO polygons observed at recorded occurrences of Limnanthes floccosa californica.

This process is best comprehended by an example: Limnanthes floccosa californica, the Butte County meadowfoam. This Butte County endemic has been documented at 13 stations near Chico (Figure 10). These occurrences are on seven polygons of four different STATSGO map units (Figure 11). These four soil associations
are mapped from Shasta County south to Stanislaus County, considerably exceed53
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Figure 12. Potential distribution of Limnanthes floccosa californica extrapolated from STATSGO. The potential distribution is implausibly large

ing the plant’s known range (Figure 4). Reference to the topographic and climatic
grids produced the minimum and maximum constraints summarized in Table 6.
We then asked where else within the taxon’s potential STATSGO distribution are
topographic and climatic conditions within the ranges seen at the occurrences (elevation between 160 and 325 feet, slope between 0.33 and 37.8%, etc.). The resulting
grid for each species has values of “correct soil and within constraints”, “correct soil
but outside constraints”, or “incorrect soil”. In Figure 13, the “correct soil and within constraints” pixels are green and the “correct soil but outside constraints” pixels are
red. The yellow dots represent the 13 occurrences in CNDDB. Figures 14 and 15
depict results of similar analyses of distribution data for Tuctoria greenei and Neostapfia colusana. This model design was inspired by earlier work on elapid snakes in Australia (Nix, 1986) and chameleons in Madagascar (Raxworthy et al., 2003).
Finally, we summed the “correct soil and within constraints” pixels over all 82
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Figure 13. Constrained potential distribution of Limnanthes floccosa ssp. californica. Yellow
dots mark occurrences documented in CNDDB. Red area are proper soils but are outside the
topographic and climatic constraints summarized in Table 6. Potentially suitable habitat (green)
is nearly restricted to Butte County.
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Figure 14. Constrained potential distribution of Tuctoria greenei. Red areas are outside the
constraints derived from the topographic and climatic data.
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Figure 15. Constrained potential distribution of Neostapfia colusana. Red areas are outside
the constraints derived from the topographic and climatic data.
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Figure 16. Aggregate preagricultural biogeography of 82 localized vernal pool taxa, prepared by
summing over the 82 taxa those pixels that satisfied each taxon’s topographic, edaphic, and climatic constraints.

58

International Conference on Mediterranean Temporary Ponds

species to depict vernal pool biodiversity hot spots through most of California (Figure 16). By superimposing the
map of extant habitat on the map of
potential species richness, we obtain a
map prioritizing areas for conservation
(Figure 17). The Nature Conservancy
and the US Fish and Wildlife Service
have used this map for their protection
and recovery planning.

logic intervals and petrofacies in the Great
Valley sequence, Sacramento Valley, California. Geological Society of America Bulletin,
83: 3007-3024.
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TEMPORARY LAKES IN MONGOLIA
Alonso, M. (1)
ABSTRACT
This paper shows the great richness and diversity that exists in lakes in Mongolia,
with an emphasis on the temporary water bodies, which are not as well known. These
lakes have diverse and endemic fauna of large branchiopods comparable to that of
temporary Mediterranean lakes, despite the dramatic climatic differences between
the two geographical Palaearctic extremes. Total water body freezing vs. drought is
postulated as a temporality factor that makes it possible to extrapolate data for a certain type of shallow clay-turbid Mongolian lake with large branchiopods to temporary Mediterranean lakes. Due to their undisturbed state, Mongolian lakes are proposed for developing predictive models for ecological status assessments of
temporary Mediterranean lakes.
Keywords: Mongolia, temporary lakes, large branchiopods.
INTRODUCTION
This article demonstrates the great richness and diversity of Mongolian lakes and the
important similarities that exist between many of them and temporary Mediterranean water bodies. Large Mongolian lakes have been the subject of relevant studies, but more modest water bodies, both temporary and permanent, which are plentiful, have received little attention (Naganawa and Zagas, 2002). Six field surveys
intended to characterize the lakes and sample their crustaceans were carried out
between 2005 and 2008, covering almost the entire Mongolian territory and whose
first results are presented here. Five types of lakes were identified, based on hydromorphological characteristics, water mineralization and turbidity due to suspended
inorganic solids, which have characteristic communities that are very similar to those
described for Iberian lakes (Alonso, 1998) made up of coincident and vicariant taxa.
However, with respect to the seasonality of the water, our observations show that
desiccation is not necessary for maintenance of the communities typical of temporary waters, such as those that include large branchiopods (Anostraca, Spinicauda-
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ta, Laevicaudata and Notostraca) and some calanoids. Total freezing of the water
body in the case of Mongolia, is sufficient, as we develop below, to eliminate the predators that could eliminate the populations of the aforementioned crustaceans in the
lakes. The research in Mongolia also opens up a broad field for the development of
predictive models for establishing the ecological state of our temporary Mediterranean lakes for which it is currently difficult to find reference conditions.
ABOUT MONGOLIA
Mongolia is a vast country of 1,566,100 km2 situated on the Central Asian Plateau
with an average elevation of 1,580m. It is an old mountainous continental territory
made up mainly of deeply eroded Paleozoic materials and has significant geographic diversity. It has what is probably one of the most extreme climates on the planet.
It is dry because of its distance from oceans and because the high mountain ranges
in southern China block the entrance of monsoons from Oceanic Asia. Precipitation
falls mainly in summer; it only exceeds 500mm/year in the mountains and drops to
150–300mm in the rest of the country. The average temperatures in summer are
between 10 and 26ºC and in winter between –12ºC and -36ºC. Close to 60% of Mongolian territory is within the permafrost zone. Water bodies are only free of ice from
late spring to early autumn. In accordance with climatic and topographic variables,
the Mongolian territory is organized into six natural zones that follow a kind of latitudinal distribution (Figure 1): High mountains (4.5% of the territory) in Altay,
Hangay and Khentii consisting of permanently snow-capped mountains and alpine
Figure 1. Natural zones in Mongolia
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meadows; mountain taiga (4%) in the area of Kövsgöl and the Khentii mountains
with dense cedar and cedar-larch forests; a mountain forest-steppe zone (23%),
including most of the Altay, Hangay and Khentii ranges, where forests and steppes
alternate depending on orientation and slope; steppe (26%) with feather grasses and
shrubs, particularly in the eastern parts of the country; transitional desert-steppe
zones (21,5%), especially in the Gobi-Altay region with low grasses and small shrubs;
and desert (10%) along the southern border zone. Another important aspect of
Mongolia is its excellent state of conservation, which is attributed to its status as the
country with the lowest population density in the world (2,850,000 inhabitants, of
which only half is settled outside urban areas) and to the fact that the economic activities carried out in the natural environment are almost exclusively limited to sheep
herding.
MONGOLIAN LAKES
The fact that, despite the significant aridity of the climate, Mongolia is rich in superficial waters, both lacustrine and fluvial, having some of the largest lakes in Eurasia,
is noteworthy. This abundance of hydric resources can be attributed to a positive
water balance caused by the particular temporal distribution of rainfall and temperature: the hot season coincides with the rains, and during the six driest months the
superficial waters are frozen, which plausibly reduces annual evaporation. Many
lakes with depths of under 1.5m, which would dry up in a Mediterranean climate,
are permanent in Mongolia. On the other hand, the majority of the large salt lakes,
such as Uvs nuur and Hyargas nuur in the Great Lakes Valley in western Mongolia,
are relics of more abundant and larger lakes in the Tertiary and Quaternary periods
(Egorov, 1993) that are still undergoing regression. The catalog of Mongolian lakes
(Tserensodnom, 2000) includes 3,060 permanent lakes with surface areas greater
than 10 hectares. The temporary lakes have never been inventoried (Naganawa &
Zagas, 2002) despite the fact that they are very numerous, probably because they hold
no economic interest, with the exception of some hypersaline ones. These temporary lakes are found mainly in the driest parts of the country, namely the steppes,
transitional desert-steppe zones and the Gobi desert. In the 345 lakes visited and
sampled in this project, five types were identified:
Large permanent freshwater lakes (46 lakes).
2) Smaller permanent or semi-permanent freshwater lakes. Water turbidity not
due to inorganic suspended particles (115 lakes).
3) Large permanent lakes with highly mineralized, and even saline (not hypersaline) waters (38 lakes).
4: Shallow lakes and lagoons, both permanent and temporary, with slightly to
highly mineralized waters which are very turbid due to suspended inorganic particles (113 lakes).
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5: Hypersaline lakes and lagoons (33 lakes).
Types 1 and 2 show significant limnological similarities with the rest of EuroSiberian lakes. Type 3 lakes are present in arid climates all over the planet, but are
particularly abundant in the great central Asian endorheic systems. Practically all
references to saline lakes in Mongolia focus on this type although their salinity does
not typically exceed 30g/L-1, probably because this type contains the largest lacustrine systems. As they are permanent and have large water volumes, their salinity
varies little by season. (Hammer, 1986; Williams, 1991, Egorov, 1993).
Types 4 and 5 are temporary or, at least, they behave as if they were temporary,
serving as habitats for large branchiopods. While in the Mediterranean sphere, this
group of organisms represents an obligate temporary species, in Mongolia it appears
that drought is not a required factor for their development. In fact, the majority of
the lakes in which large branchiopods appear in Mongolia do not experience drought
although they do freeze completely. According to Punsalmaa et al. (2004), the thickness of the ice layer on Mongolian lakes can vary between 0.8 and 3.2m depending
on the region of the country, such that the lakes whose depth is inferior to the thickness of the ice layer that can form may be considered to be functionally temporary.
Therefore, the hydroperiod of the lakes with depths of under 700 mm, approximately
the average annual evaporation in Mongolia (Hammer, 1986), alternates periods of
inundation and drought, while the hydroperiod of lakes with depths of between 0.7m
and 3.2m alternates liquid and solid phases of the water.
These two types of lakes appear scattered all over Mongolia (Figure 2), mainly in
Figure 2. Distribution of sampled temporary lakes in Mongolia
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the steppes and transitional steppe-desert areas at altitudes ranging from 588–
2,320m asl; however only 10% of them are located above 1,800m asl.
Type 4 lakes are very abundant in Mongolia (Figure 2) and are distributed primarily in steppe and desertic territories, although they can also be found in taiga and
in the mountains (particularly in Altay). The substrates tend to be sandy-marly or
clayey. The majority are medium-sized (less than 50 hectares) playa lakes, with surface areas ranging from <0.5 ha (ephemeral ponds) and up to 4,000 ha. Water is very
turbid due to the presence of clay, which form a highly stable colloidal suspension
that gives brown, gray and milky colorations and combinations of these. The mineral content of the water can be highly variable during the hydroperiod since these
lakes are endorheic and are fed mainly by rainfall, such that the mineral content can
be very low when they fill up in the summer with solutes later becoming concentrated as the water volume diminishes towards autumn. According to their continental closed-basin nature, all of these lakes are athalassic; the total salt content in
the water ranges from <0,5 gL-1 (very low mineralized waters) to 13 gL-1 (hyposaline)
waters (Hammer et al., 1983). Heterotrophic metabolism dominates in these water
bodies since there is very little representation by primary producers such as phytoplankton and underwater macrophytes. They have no fish. Waterfowl, mainly ducks
and swans, are normally abundant. Most of these lakes are used to water livestock,
but the most mineralized ones are preferred by herdsmen to enrich the salt in the
livestock’s diet.
Type 5 lakes are very shallow and endorheic water bodies that appear mainly on
the steppes and in the deserts of the Dornod, Bulgan, Bayanhongor, Gobi-Altay,
Khovd and Zavhan provinces (Figure 2) at altitudes between 580 and 2,240m asl. All
are playa lakes, and their surface areas range from 1 hectare to over 1,000 hectares;
the two largest ones are Darvi nuur in Gobi Altai (1,930 hectares) and Tsetseg nuur
in Khovd (6,976 hectares). Almost all of these lakes can dry out and even remain
dry for several years at a time. All are athalassic. Salinity is highly variable in accordance with the different phases of the hydroperiod; it is always higher than 50 gL-1
and can reach the very elevated levels of brines (salinity >100 gL-1). The Soda lakes
are a special case within this type, with a dominance of sodium and bicarbonate ions,
which are of great scientific interest due to their unique microbial communities
(Sorokin, 2004). Turbidity in type 5 is variable, but generally is due to suspended
inorganic particles, which normally give the water a gray coloration. At least three
of the lakes that were visited are currently exploited as salt pans: Davst Lake (Bayanhongor), and Oigon and Davsnii lakes (Zavhan).
LARGE CRUSTACEAN BRANCHIOPODS IN MONGOLIAN LAKES
The presence of obligate temporary water species, such as large branchiopods, in the
shallow turbid and hypersaline lakes (types 4 and 5) allow us to identify the Mon65
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golian lakes that behave as temporary although they do not dry up. None of the
species belonging to this group have been found in lakes of types 1, 2 and 3, but they
are very frequent in type 4 lakes (44% of them), which can be extrapolated to the
temporary ones. In hypersaline lakes only Artemia sp appears, but this is not an indicator of temporality since it inhabits permanent waters (Alonso, 1998) where it is
protected from predators by the extremely high salt concentrations.
Despite their great abundance in Mongolia, large branchiopods have only been
studied occasionally. Sars (1901) and Daday de Deés (1913) made the first contribution in this area based on a very limited number of samples. Novojilov (1954)
reported several large branchiopods from two small temporary pools in Gobi whose
identities remain uncertain. Later Brtek et al. (1984), Flossner (1986), Vekhov (1992)
and Naganawa and Zagas (2002) provided the information that is currently available, which is compiled in the last referenced article. According to the existing references and our own data, the list of large branchiopods in Mongolia (Table 1)
Table 1. List of large Crustacean Branchiopods reported in Mongolia
ANOSTRACA
Branchinecta orientalis Sars, 1901
Branchinectella media (Schmankewitsch, 1873)
Chirocephalus longicornis (Smirnov, 1930)
Parartemiopsis mongolica Rogers, 2005
Galaziella mongoliana (Uéno, 1940)
G.gobisteppensis Naganawa & Zagas, 2003
G.murae Alonso & Naganawa, 2008
Artemia sp
Branchipodopsis affinis Sars, 1901
Phallocryptus sp
NOTOSTRACA
Lepidurus couesii Packard, 1875
Lepidurus mongolicus Vekhov, 1992
Triops sp
SPINICAUDATA
Eocyzicus davidi (Simon, 1886)
Eocyzicus propinguus (Sars, 1901)
Leptestheria dahalacensis (Rüpell, 1837)
LAEVICAUDATA
Lynceus rotundus Thiele, 1907
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include ten Anostraca, three Notostraca, three Spinicaudata and one Laevicaudata.
However, this list is still far from complete and more research is needed to achieve a
level of knowledge of this fauna that is comparable with what is available for other
parts of the Earth. The great potential for the study of large branchiopods in Mongolia is clear even only taking into account that in recent years: 1) four new species
have been described (Naganawa and Zagas, 2003; Rogers, 2005; Alonso and
Naganawa, 2008); 2) three previously undescribed taxa have been identified: one
Spinicaudata and one Laevicaudata (Naganawa & Zagas, 2002), as well as a new
taxon belonging to the genus Phallocryptus cited for the first time in Mongolia in the
present work; 3) Mongolian Triops and Artemia need to be reviewed because their
taxonomic identity is still unclear.
The distribution of large branchiopods in Mongolia (fig. 3) is mainly conditioned
by ecological factors since, at least in the case of the steppic species, no important
geographic barriers exist. The probability of their appearance increases in central
and eastern Mongolia, where there are many more available habitats; this decreases
in the Gobi because there are far fewer lakes, and in the west because it is more
mountainous (Fig. 2). According to our data, the mineral content of the water results
in a certain segregation of the different branchiopods: Lynceus rotundus in waters
with salinities of <0.5 gL-1; Triops sp, Eocyzicus sp. pl, Galaziella sp. pl., Branchinecta
orientalis and Branchipodopsis affinis in salinities of < 12 gL-1; Phallocryptus in salinities of < 28 gL-1; and Branchinectella media from 11 to > 50 gL-1.
The data show that both the structure of the communities of large branchiopods
and the types of water bodies where they live (excluding the dryness-temporality factor) are very similar in Mongolia and Mediterranean countries (Alonso, 1998, Tiéry,
1987), which establishes an interesting parallelism between the Stepparian- and
Mediterranean-type temporal lakes at both extremes of the Palearctic.
CONSERVATION OF MONGOLIAN TEMPORARY LAKES
The scarcity of population and the absence of agricultural practices maintain the
great majority of Mongolian lakes in an undisturbed state. Moreover, Mongolia, conscious of its natural assets, applies an extensive conservation policy. Currently 11
Ramsar sites have been designated with a total surface area of 1,439,530 hectares, primarily in the largest lakes but also in complexes that include the surrounding wetlands, many of which are temporary. Among these, five of the most important lie in
the eastern steppes: Lake Buir (Dornod), Lake Ganga (Sukhbaatar), lakes in the
Khurkh-Khuiten river valley (Khentii) and Mongol Daguur (Dornod); and one, consisting of hypersaline lakes at the foot of the Gobi Altay.
In areas were cattle are particularly abundant, mainly in central Mongolia, shallower lakes may be used for watering animals (horses, yaks, goats), which like to stay
inside the water body for a time disturbing the sediment by treading and fertilizing
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Figure 3. Distribution of large Crustacean Branchiopods in Mongolia
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the water. When this pressure is applied to lakes with inorganic turbidity (type 4),
no negative effects on large branchiopod community are observed, probably due to
their adaptation to heterotrophic conditions and a detritivorous regime.
The scarcity of significant pressures and impacts on Mediterranean-like lakes in
Mongolia opens up the possibility that these may be used for the development of the
predictive models necessary for evaluating the ecological status of temporary
Mediterranean lakes that lack reference conditions.
REFERENCES
Naganawa, H. and Zagas, B. 2002. General
aspects of the large branchiopod crustacean
fauna of Mongolia. Limnology, 3: 181-188.

Alonso, M. 1998. Las lagunas de la España
peninsular. Limnetica, 15: 1-176
Alonso, M. and Naganawa, H., 2008. A new
fairy shrimp Galaziella murae (Branchiopoda : Anostraca) from Mongolia. Journal of
Biological Research-Thessaloniki, 10: 119128.

Naganawa, H. and Zagas, B. 2003. Current
prospect of the recent large branchiopodan
fauna of East Asia : 6. Revision of the genus
Galaziella (Anostraca : Chirocephalidae :
Galaziellinae). Aquabiology, 25: 387-393.

Brtek, J., Forró, L. and Ponyi J. E. 1984. Contributions to the knowledge of the Branchiopoda (Crustacea) fauna of Mongolia.
Ann. Hist-Nat. Mus. Natl. Hung. 76: 91-99.

Sars, GO. 1901. On the crustacean fauna of
Central Asia. Part I. Amphipoda and Phyllopoda. Annuaire du Musee Zoologique de
l´Académie Impériale de Sciences de St.
Pétersburg, 6: 130-164.

Daday de Deés, E. 1913. Beiträge zur Kenntnis der Mikrofauna des Kossogol-Beckens in
der nordwestlichen Mongolei. Math Naturwiss Ber Ungarn, 26: 247-370.

Novojilov, N.I. 1954. Listonogie rakoobraznye verkhnei yury i mela Mongolii
[Upper Jurassic and Cretaceous conchostracans from Mongolia] (in Russian). Trudy
Paleontologicheskogo Instituta AN SSSR, 48:
7-124.

Egorov, A.N. 1993. Mongolian salt lakes :
some features of their geography, thermal
patterns, chemistry and biology. Hydrobiologia, 267: 13-21
Flössner, D. 1986. Beitrag zur Kenntnis der
Branchiopoden und Copepodenfauna der
Mongolei. Mitteilungen aus dem Zoologischen Museum in Berlin, 62: 3-40.

Punsalmaa, B., Nyamsuren, B. and Buyndalai, B. 2004. Trends in River and Lake Ice
in Mongolia. AIACC Working Paper 4.
Rogers, D.C. 2005. A new genus and species
of chirocephalid fairy shrimp (Crustacea :
Branchiopoda : Anostraca) from Mongolia.

Hammer, U.T. 1986. Saline Lake Ecosystems
of the World. Junk, Dordrecht. 616 pp.

69

Temporary ponds: Global views

Zootaxa, 997: 1-10.
Sorokin, D. Y., Gorlenko V. M., Namsaraev,
B. B., Namsaraev, Z. B., Lysenko, A. M., Eshinimaev, B. T., Khmelenina, V. N., Trotsenko,
Y.A. and Kuenen, J. G. 2004. Prokaryotic communities of the north-eastern Mongolian
soda lakes. Hydrobiologia, 522: 225-248.
Thiéry, A., 1987. Les Crustacés Branchiopodes Anostraca, Notostraca & Conchostraca des milieux limniques temporaires
(dayas) au Maroc. Taxonomie. Biogeographie. Ecologie. Thèse doctoraux, Université
de Droit d’Économie et des Sciences de Marseille. 405 pp.
Tserensodnom, J. 2002. Catalog of Mongolian
Lakes. WWF-Ministry of Nature. Shuvuun
Saaral . Ulaanbaatar.
Vekhov, N.V. 1992. Lepidurus mongolicus sp.
Nov., a new species of taldpole shrimp
(Crustacea, Notostraca, Triopsidae) from
semideserts of Central Asia (Mongolia).
Arthropoda Selecta 1: 89-93.
Williams, W. D. 1991. Chinese and Mongolian saline lakes : A limnological overview.
Hydrobiologia, 210: 39-66.
Web site on Mongolian lakes:
http://www.geodata.es/mongolian_lakes

70

Hydrochemistry and hydrodynamics

International Conference on Mediterranean Temporary Ponds

HYDROLOGY AND BIOGEOCHEMISTRY OF
MEDITERRANEAN TEMPORARY PONDS
Sánchez-Carrillo, S. (1)
Abstract
The hydrological absence of continuity defines the hydrodynamic of temporary
ponds. The main factor driving this discontinuous behaviour is the Mediterranean
climate, although water overexploitation has increased pond temporality. The highly fluctuating character with recurring filling and drying cycles has strong biogeochemical implications defining pond ecological dynamics. Mediterranean ponds
experience stronger catchment effects on hydrological processes. Depending on the
main water source, three pond types can be identified: i) surface water depression
ponds, ii) groundwater slope ponds, and iii) groundwater depression ponds.
Mediterranean ponds present a seasonal hydroperiod controlled by evapotranspiration with an annual potential water deficit of up to 6 months. Biogeochemistry of
temporary ponds is controlled by flooding/drying cycles through soil redox potential changes. Biota and biogeochemistry of temporary ponds depends strongly on
the recurrence of seasonal flood pulses. Land use changes, water regulation/overexploitation, diffuse agriculture pollution and climate warming increase eutrophication and alter seasonal inundation cycles of Mediterranean temporary ponds accelerating their disappearance.
Keywords: hydrology, biogeochemistry, flood pulse, Mediterranean, temporary pond
INTRODUCTION
Despite their enormous environmental, social and scientific interest, temporary
ponds are often ignored limnosystems. This can be attributed to the marginal consideration of semi-arid and arid aquatic ecosystems compared to exhaustively studied lakes in cold temperate climates (Álvarez-Cobelas et al., 2005). Temporary ponds,
however, are one of the most abundant aquatic ecosystem types in the Mediterranean
region of the world where water is never available throughout landscape. Because
these temporary ecosystems appear in a wide variety of geologic settings and they
alternate from flooded to dry in the short-term, their aquatic habitat is more diverse.
Temporary wetlands span an extraordinary range of different ecosystem types, most-
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ly in semi-arid regions, including saline and freshwater lakes, pools and ponds that
lie along a water permanence gradient from ephemeral to nearly permanent.
Although highly variable, all temporary wetlands share a common feature: the strong
abiotic control of ecosystem structure and functioning (Angeler and Moreno, 2007).
While little is still known about these interesting and important ecosystems, temporary ponds are disappearing at an increasing rate due to associated water use conflicts (Serrano and Zunzunegui, 2008). Agriculture expansion, irrigation, alteration
of flow regimes, draining, and damming are the main causes of temporary pond disappearance as result of high water demand for economic development in areas where
water is scarce. In most cases, temporary wetland disappearance is unintentional and
related to a lack of understanding of their hydrological functioning through the
watershed. These hydrological changes alter landscape biogeochemistry (ÁlvarezCobelas et al., 2005). Moreover, in the Mediterranean basin permanent wetlands are
transforming into temporary wetlands due to increasing human stress (Sánchez-Carrillo and Álvarez-Cobelas, 2001). Mediterranean temporary ponds are a priority
freshwater habitat type (NATURA 2000 code: 3170*), according to the European
Union Habitats Directive (92/43/EC) due to their importance as contributors to
global biodiversity. The aim of this paper is, hence, to increase our basic knowledge
on Mediterranean temporary ponds by giving an overview of the hydrologic and biogeochemical functioning and disturbance effects of climate change.
THE TEMPORARY WETLAND CONCEPT: A GEOMORPHOLOGIC AND
HYDROLOGICAL POINT OF VIEW
Temporary ponds appear as depressions in landscape. They occur in substrate
depressions that may have been created by various geomorphologic processes inducing endorheism (i.e. a closed drainage basin). Some of these ponds may be of artificial origin, e.g. in abandoned quarries. Mediterranean temporary ponds show great
variability depending on their geology, geomorphology, depth and source of water
(ground or run-off). Lowland areas, therefore, inundate when a water surplus
appears from either surface (rain or river flow) or ground water sources. This hydrological characteristic is common among any inland aquatic ecosystems –i.e. from
lakes to ponds–. Differences between ponds and lakes are found in ecosystem size
and standing water seasonality. While lakes are large aquatic ecosystems with almost
invariable seasonal water level, ponds are small and fluctuating temporal hydrosystems. Ponds are temporary in both time and space.
According to the Ramsar Convention, temporary ponds are small, shallow water
bodies (less than 10ha), isolated from permanent water sources, which undergo a
periodic cycle of flooding and drought. The temporary concept appears then as
opposed to permanent in a hydrological sense. Their highly fluctuating character
with recurring filling and drying cycles has strong chemical and biological implica74
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tions. Appearing and disappearing ponds occur in a temporal magnitude varying
from seasons to years indicating a hydrological absence of continuity. Thus climate
irregularity through humid and dry periods becomes the key factor forcing ecosystem functioning.
Another important key feature defining temporary ponds is that of landscape
structure (Álvarez-Cobelas et al., 2005). Many hydrological processes have been
shown to depend partly on landscape features, one index of which is extension. Fig.
1 shows the striking difference between the catchment:lake ratio for cold temperate
and Mediterranean lentic systems. Mediterranean limnosystems should experience
stronger catchment effects on hydrology than those in most cold, temperate and
Fig. 1. The stronger catchment effects on hydrology of Mediterranean ponds:
catchment:lake area ratios in cold temperate and Mediterranean limnosystems. (Modified
from Álvarez-Cobelas et al., 2005).

tropical climates. Many Mediterranean studies acknowledge the influence of regional landscape characteristics, but they have been scarcely used to explain local hydrological and ecological phenomena.
CLIMATE FORCING OF TEMPORARY PONDS OR THE SIGNIFICANCE OF
ARIDITY
The hydrological absence of continuity defines the hydrodynamic of temporary
ponds. The main factor driving this discontinuous behaviour is climate although
water overexploitation for human use throughout the twentieth century increased
pond temporality (Serrano and Zunzunegui, 2008). The Mediterranean climate is
experienced in the Mediterranean basin (sensu stricto), the southwestern part of
South Africa, Southern California, the southwestern and southern part of Australia,
Central Chile, and the French river catchments draining into the Mediterranean Sea
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(Bolle, 2003). Mediterranean climate is characterized by strong seasonality of rainfall and air temperature (Fig. 2), which are out of phase. Rainfall occurs mostly in
spring and autumn (Bolle, 2003). Also, the annual rainfall-to-potential evapotranspiration ratio (R/ET) ranges from 0.12 to 1, resulting in water shortages and
droughts in many Mediterranean landscapes for a considerable time each year. Climate in most Mediterranean regions can be classified then as semi-arid receiving
low (<500 mm yr-1) and variable annual rainfall and characterized by potential evapotranspiration that is far greater than precipitation (T/ET <0.5; United Nations Environment Programme, 1992).
Fig. 3. Pond classification following topographic position in the landscape, water source, and
hydrodynamics: a) surface water depression pond, b) ground slope pond, and c) groundwater depression pond. P: precipitation and E: evapotranspiration. (Modified from Brinson,
1993).
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WATER SOURCES AND POND HYDROLOGIC DYNAMICS
The relative importance of water input and water output, along with the topographical and geological setting, determines the type and characteristics of the wetland
that may form at a given location. Wetland classification systems group wetlands
based on topographic position in the landscape, water source, and hydrodynamics
(Brinson, 1993). Following these criteria, three pond types can be found (Fig.3): i)
surface water depression ponds, ii) groundwater slope ponds, and iii) groundwater
depression ponds. Wetlands receiving water primarily from precipitation are surface
water depressional ponds. Wetlands in which groundwater is the predominant
source of water are classified as groundwater slope or groundwater depressional
ponds. Temporary ponds that depend on groundwater are typically those of karstic
origin or in sandy substrates. Those that depend strictly on rainfall and runoff are
usually on impermeable substrates, such as igneous rock or clay. Mediterranean temporary ponds depending on groundwater discharges are strongly threatened as
groundwater abstraction for human uses drop the aquifer water table (Serrano and
Zunzunegui, 2008; Stamati et al., 2008).
In Mediterranean areas, groundwater hydrology is as important as surface hydrology for the persistence and functioning of aquatic ecosystems. In many stagnant and
flowing Mediterranean ponds, water availability depends in large part on groundwater discharge, which is either lagged from rainfall seasonality or lacks any seasonality as it depends in turn upon the hydrogeologic features of the subterranean
aquifer. In temporary ponds in central Spain, despite seasonal rainfall, discharge of
groundwater into lakes is not seasonal at all (Álvarez-Cobelas et al. 2005). In addiFig. 4. Hydroperiod of temporary pond located in Central Spain
receiving surface and groundwater discharges.
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Fig. 5. Inundation control of macrophyte cover and macrophyte transpiration contribution
to total wetland evapotranspiration. (Modified from Sánchez-Carrillo et al., 2004).

tion to water availability, groundwater can be a source of nutrients to ponds, as is
often the case in agricultural watersheds (Piña et al., 2008).
The hydrological dynamic of a pond depends on the equilibrium between incoming and outgoing water. Water is lost both directly through the evapotranspiration
(open water evaporation plus plant transpiration) and through filtration when the
pond is on a permeable substrate, such as sand or limestone (Ruiz, 2008) and when
the water table is below wetland level (Fig. 3). In order for correct functioning of
these habitats they must undergo a periodic cycle of flooding and drought. This alternation promotes the proliferation of their biogeochemical characteristic and particular fauna and flora.
A typical hydroperiod of a Mediterranean temporary pond describes a pattern of
maximum inundation during the rainy season (from winter to spring), drying during summer months (Fig. 4). Plant cover increases with shallowness enhancing the
importance of water-plant relationships on wetland inundation patterns. (SánchezCarrillo et al., 2004). Therefore, water is lost from spring to autumn mainly by evapotranspiration.
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At the whole-wetland scale, as plant development depends on water depth and
time duration of flooding, evapotranspiration depends on water level fluctuations
but also controls seasonal inundation patterns through open water/macrophyte
cover ratio. Flood tolerant macrophyte species showed highest transpiration rates
close to open water evaporation rates. Total wetland transpiration then ascends as
cover of flood tolerant plant species increases when water level rises. Hence, during
flooding as open water /macrophyte cover ratio of flood tolerant species decreases
open water evaporation loss increases (Fig. 5). The physiological strategies used by
plants to tolerate inundation play a key role in the hydrological dynamics of the
ephemeral water ecosystems (Sánchez-Carrillo et al., 2004).
BIOGEOCHEMICAL TRANSFORMATIONS IN TEMPORARY PONDS
The biogeochemical reactions in temporary ponds are linked to the reactions occurring in the surrounding terrestrial environment by movements of surface runoff and
groundwater (Schlesinger, 1997). The type of substrate often determines water turbidity, which in turn influences the development of biological communities. Ponds
located on rocky or sandy substrate usually have low mineral turbidity, whereas those
overlying materials composed of smaller particles, such as clay or marl are more suitable to sediment suspension and consequently may present more turbid waters
(Ruiz, 2008). Nutrient sources of temporary ponds depend strongly on the dominant water source as well as on the macrophyte production. Rainfall-fed temporary
ponds are oligotrophics depending exclusively on internal organic production and
nutrient recycling for ecosystem metabolism. On the contrary, those ponds receiving surface or ground water appear to be eutrophics as diffuse pollution from agricultural and urban lands dominates the watershed. Due to the closed character of
temporary ponds, eutrophication enhances organic matter production as organic
accumulation increases.
The most important transformation on soil biogeochemistry occurs during
flooding/drying cycles. Soil redox potential and microbial reactions change in saturated soils. The diffusion of oxygen in flooded soils is so slow that redox potentials decline rapidly with increasing depth in wetland soils. Organic matter lowers
the potential redox in flooded soils. Therefore, if abundant, strong gradient of redox
may develop in soils over a depth as low as 2mm (Sweerts et al., 1991). After O2 is
depleted by aerobic respiration, anaerobic transformations involved atmospheric
emission of nitrogen, sulphur and carbon: denitrification (NO3-→N2), sulphate
reduction (SO42-→H2S) and methanogenesis (CO2→CH4). The environment of
flooded soils exists as a dynamic equilibrium that is maintained by the availability
of oxygen at the surface and buried organic carbon as a source of reducing power
at depth. When pond soil is exposed to the air, as during seasonal fluctuation of
water level, redox reactions will shift downward in the profile and products of pre79
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vious reduction reactions become substrates for oxidizing bacteria. For example,
the total rate of denitrification is enhanced when seasonal periods of aerobic conditions stimulate the mineralization and nitrification of organic nitrogen, which
makes NO3- more available for denitrifiers when the water level later rises
(Schlesinger, 1997).
THE FLOOD PULSE CONCEPT ON TEMPORARY PONDS
The flood pulse concept was first developed to describe seasonal changes in water
levels on Amazonian floodplains and their relationship to functional dynamics and
the maintenance of species diversity (Junk, 1999). Although this idea emerged from
the study of large ecosystems, there is growing recognition that flood pulse is also
important in all wetlands (Middelton, 1992) and particularly in those temporarily
flooded.
In semi-arid regions, finding a common hydrological pattern may be impossible due
to the seemingly chaotic behaviour of the climate (Molles et al., 1992). However,
Fig. 6. Long-term inundation pattern in Las Tablas de Daimiel National Park (Central
Spain).

depending on the availability of water and biophysical settings, Mediterranean temporary ponds generally present an annual potential water deficit for up to 6 months
(Fig. 4; Stamati et al., 2008). Pond hydroperiod must be synchronic with seasonal climate fluctuations and river water flows. The biota has specific adaptations that allow
them to tolerate the seasonal wet/dry conditions that are a part of flood-pulsed environment (Middleton, 2002). Currently, seasonal flood pulses have increased their
irregularity mainly due to land-use changes and water regulation and/or overexploitation. Probably one of most significant examples of seasonal flood alteration in
the Mediterranean basin appears in Las Tablas de Daimiel National Park (Central
Spain) where the seasonal inundation pattern has disappeared by aquifer overex80
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ploitation for irrigation pumping (Alvarez-Cobelas et al., 2001; Fig. 6). Changes in
seasonal flood recurrence significantly alter biota and biogeochemical transformations in the wetland ecosystems (Alvarez-Cobelas et al., 2001). However, during
humid years seasonal flood pulses quickly enhance the ecosystem function and
structure restoration (Sánchez-Carrillo and Alvarez-Cobelas, 2001; Alvarez-Cobelas
et al., 2008).
CLIMATE CHANGE EFFECTS ON MEDITERRANEAN
TEMPORARY PONDS
The Mediterranean temporary ponds depend on an annual cycle of rainfall and
drought. Climate change would probably alter the hydrological regime of freshwater inland water bodies. Rising temperatures and rainfall irregularity may lead to prolonged periods of drought or shift the time of the seasonal inundation cycle. This
could significantly affect the ecological functioning. A study on the effects of climate
change on these ecosystems in the Mediterranean region (Álvarez–Cobelas et al.
2005) established that some permanent water bodies are becoming temporary,
whereas the hydrological regime of temporary ponds might be greatly altered by
changes in the temporal distribution of rainfall and runoff. Changes in the frequency and intensity of rainfall could modify the flooding/desiccation patterns of
Mediterranean temporary ponds. These changes could prolong inundation periods
after intense rainfall and shorten these periods after prolonged droughts, or even
prevent pond inundation during several years.
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TOWARDS A QUANTITATIVE CLASSIFICATION OF TEMPORARY
PONDS IN DOÑANA (SW SPAIN)
Florencio, M.(1), Gómez-Rodríguez, C.(1), Gómez, A.(1),
Reina, M.(2), Gutierrez, E.(3), Siljeström, P.(3), Serrano, L.(2),
Díaz-Paniagua, C.(1)
Abstract
The variability of the Mediterranean climate produces a wide range of hydrological
conditions in a single water body every year. This variability will have a strong effect
on the physical and chemical features of the pond water. Therefore, hydrogeomorphic approaches are preferentially applied in wetland functional analyses, but hydrologic regimes can also change over time due to severe droughts and human activity
which, at the same time, are common impact factors in wetlands of the Mediterranean region. This study shows the consistency of variables measured in the pond
sediment as opposed to water variables when predicting hydrologic features related
to the frequency and duration of flooding over the years. A total of 22 ponds were
studied within the Doñana Biological Reserve during 2006 and 2007. Most of them
were sampled monthly throughout their flooding period during both years while
others only during one of the studied years. According to the hydro-meteorological
records from the last 20 years, this set of ponds comprised a wide hydrologic range
from semi-permanent to ephemeral sites. Differences in hydrology were used to separate the ponds into 3 hydrologic regimes: long, intermediate and short-hydroperiod ponds. Variables measured in the pond water (e.g. electrical conductivity, temperature, pH, O2 and total phosphorus concentrations in the water) did not segregate
ponds according to their hydrologic regime. Total iron concentration of surface sediment, however, significantly segregated long-hydroperiod ponds from the rest of
ponds above a threshold value of 5 mg g-1 d.w., whereas a threshold value of 10% of
organic matter segregated short-hydroperiod ponds from the rest of ponds. Further
analyses of sediment samples at different depths (0-120 cm) suggested that the
upward mobility of Fe(II) was higher in the long-hydroperiod ponds.
Keywords: hydroperiod, sediment, phosphorus, iron
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INTRODUCTION
Wetlands develop in different ways according to the climate and geology of each
region (Gilman, 1994). Consequently, geomorphic and hydrological features have
been proposed as main descriptors in global wetland classification schemes, allowing biological variation to be independently addressed. Therefore, global classifications of wetlands are often developed as a descriptive typology full of terms that
ought to be clarified (Semeniuk and Semeniuk, 1997). Quantitative classifications of
wetlands, in contrast, could overcome this problem.
Descriptive classifications are particularly unsuitable for temporary wetlands in
semiarid regions due to changes in flooding regimes over successive years. The variability of the Mediterranean climate produces a wide range of hydrological conditions in a single body of water every year. As a consequence, considerable ecological
differences are found at a given time among quite proximate water bodies (Hillman,
1986; Boon et al., 1990). Additionally, the strong effect of hydrology on the physicochemical conditions of the water column can bias the interpretation of nutrient
dynamics and primary production despite the key role played by these processes in
all aquatic ecosystems.
The Ramsar classification of wetlands proposed two types of coastal-marine wetlands, six continental types, and several types of artificial wetlands in the Doñana
region (SW Spain). Geomorphic and hydrological features are implicit in these categories, but limited information can be obtained from this description. The Doñana
temporary wetlands have been traditionally grouped into dune ponds (located on
the aeolian sand mantle) and marshes (on silty-clay substrate). Both types have been
further classified according to size, hydrological features, and littoral vegetation.
Bravo and Montes (1993) listed about 300 bodies of water and described four flooding categories. García-Novo et al. (1991) published the first classification of the
Doñana ponds into two categories according to a quantitative threshold of Na+/Mg2+
ratio during floods (groundwater recharge and discharge areas). Manzano (2001)
divided groundwater discharge and recharge areas into three further subgroups and
segregated the marshland into two wetland categories, according to several descriptive hydrological features related to flooding and water source. A quantitative hydrogeomorphic approach based on multivariate analyses of 20 freshwater temporary
ponds and 46 sites in the southern marshland arrived to a threshold of 1.6 mS cm-1
to segregate ponds from marshland during heavy floods (Espinar & Serrano, in
press). Marshland sites were further arranged into two groups according to the ratio
of Na+/Ca2+ at a threshold value of 25 (in meq L-1), but no further discrimination was
found within the temporary ponds.
In the present study, a total of 22 ponds were sampled within the Doñana Biological Reserve throughout two entire hydrological cycles (2005-06 and 2006-07).
The aim was to arrive to a quantitative classification by comparing the consistency
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of variables measured in the pond sediment as opposed to those measured in the
water column when predicting hydrological features related to the frequency and
duration of flooding over the years.
MATERIAL AND METHODS
The Doñana region extends along the coastal plain of the Gulf of Cádiz from the left
bank of the estuary of the Guadalquivir River to the estuary of the Tinto River, and
inland from the lower Guadalquivir River valley to the northern uplands bordering
the Iberian Pyrite Belt. Doñana has a Mediterranean climate with Atlantic influence,
generally classified as dry sub-humid. Rainfall is quite variable, with an annual average of ca. 580 mm, about 80% of which is distributed through a wet period from the
end of September to the beginning of April. Summers are very dry and hot, while
winters are short and mild. Potential evapotranspiration is very high, with a yearly
average of about 900 mm (Ménanteau, 1982).
During floods, hundreds of ponds appear in depressions amid the eolian sands
of Quaternary age that cover an area of about 30,000 ha (Vanney and Ménanteau,
1985). Ponds are fed by freshwater (rainfall, runoff and groundwater discharge) and
have no surface or groundwater connection to the sea. The groundwater feeding is
relatively complex due to changes in recharge and topographic boundaries that modify their connection to different aquifer flow systems over time (Sacks et al., 1992).
They range widely in size (from rain puddles to shallow lakes of ca. 100 ha) and in
flooding duration (from days to decades) though all ponds eventually dry out during severe drought periods (Serrano et al., 2006).
In this study, a total of 22 ponds were studied within the Doñana Biological
Reserve from February 2006 until September 2007. Nineteen ponds were monthly
sampled throughout their wet phase during the hydrological cycle of 2005-06; and
20 ponds in 2006-07. The total amount of rainfall collected during each hydrological cycle (1st October-30th September) was very different: 502.5 and 755.5 mm in
2005-06 and 2006-07, respectively, according to the meteorological data provided by
the Doñana Biological Reserve.
Previous studies have shown that the selected sites comprised a wide range of
temporary ponds (García-Novo et al., 1991; Bravo and Montes, 1993; Serrano and
Zunzunegui, 2008; Florencio et al., submitted). Based on these records, a minimum
wet-phase of 3 months was necessary to detect flooding. The number of times each
pond held water (>3 months) in the last 20 years was used to segregate the ponds
into 3 broad hydrological regimes: long, intermediate and short-hydroperiod ponds
(Table 1).
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Table 1. Location of study ponds, number of times a pond flooded for more than three
months within each hydrological cycle in the last 20 years, and estimation of each
hydroperiod category.
Pond name

DUL
LVE
TAR
ZAH
MOR
JIM
CMA
ORF
RPI
TEJ
CAM
INF
PGR
PPE
MAR
POL
NAV
ABE
ARM
TRIO
LEÑ
VAC

La Dulce
Las Verdes
El Taraje
El Zahíllo
El Moral
Jiménez
Caño del Martinazo
Orfeón
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown

Times

Hydroperiod
category

40984886
4098964

20
20

Long
Long

188862

4099391

20

Long

188063
188342
192470
194159
190932
192142
193011
189239
190773
192968
193067
187708
188101
188593
192085
193046
192238
192416
193089

4099402
4103649
4099403
4103725
4099434
4099888
4099416
4100331
4099192
4099961
4099570
4100047
4101464
4102147
4099348
4099899
4099766
4099902
4099801

17
11-14
11-14
11-14
11-14
11-14
11-14
11-14
11-14
11-14
11-14
11-14
11-14
5-8
5-8
5-8
5-8
5-8
5-8

Long
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Short
Short
Short
Short
Short
Short

Location
X

Y

189877
191843

Several variables were measured in situ in the water surface (electrical conductivity at 20ºC, maximum depth) and bottom water (temperature, pH, and dissolved
O2) of each pond. Surface water was sampled for total P concentration in the laboratory after acid digestion (Golterman et al., 1978). Top sediment samples were collected and the following variables measured in the laboratory: organic matter (lost
on ignition), sediment total P and total Fe concentrations (Golterman, 2004).
During summer 2007, additional sediment samples were collected to perform a soil
profile of variable depth (0->80 cm) on the dry basin of each pond. The total Fe concentration was measured in each soil layer, which varied in depth depending on the
water-table depth. The depth of the topsoil (layer A) varied between 0 and 8-25 cm,
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from 8-25 to 30-50 cm (layer B), from 30-25 to 50-100 cm (layer C), from 50-80 to
80-120 cm (layer D), and >80 cm (layer E).
Table 2. Spearman rank correlation coefficients among studied variables considering
all ponds and ponds within each hydroperiod category: long (n=48), intermediate
(n=96) and short (n=37). *p<0.05; ** p<0.01.
All

sed Tot-P
Long
Interm.

Short

All

sed Tot-Fe
Long
Interm.

Short

All
0.752**
Long
0.898**
sed
Tot-P Interm.
0.739**
Short
0.722**
All 0.899**
0.703**
Long
0.957**
0.893**
sed
0.888**
0.707**
O.M. Interm.
Short
0.756**
0.413*

Multivariate statistical analyses were performed with the software PRIMER 6
(Plymouth Routines in Multivariate Ecological Research) obtained from PRIMERE Ltd, Plymouth. Non-metric multivariate dimensional scaling (NMDS) was applied
to similarity matrixes based on Euclidean distance of standardised variables. Spearman rank correlation was used to know whether variables significantly co-vary
among each other, and ANOVA on Ranks to test for significant differences among
averages (SigmaStat 3.5).
RESULTS
Spearman rank correlation analyses showed a significant and strong co-variation of
variables measured in the sediment of all ponds (Table 2). The rest of variables had a
weak correlation (rho<0.5) and most of them were not significant (p>0.05). Co-variation among sediment variables still remained when ponds were analysed within each
hydroperiod category, and it was stronger in the case of long-hydroperiod ponds
(Table 2). Spearman rank correlations among sediment variables were also high and
significant when each hydrological cycle was considered separately, except in the
short-hydroperiod ponds during 2005-06 due to the scarce number of samples (n=4).
Depth, pH, and electrical conductivity also co-varied in the long-hydroperiod ponds
during 2006-07. An ordination in NMDS was carried out (Figure 1) to explore
whether the combination of all variables measured in the water column could segregate the ponds according to their hydroperiod category despite the weak co-variation
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Figure 1. NMDS ordination of ponds according to their hydroperiod category based solely on
variables measured in the water column.
Long- (black circles), intermediate- (stars), and short-hydroperiod ponds (white circles).

Figure 2. Relationship between the concentration of Tot-P and the percentage of organic matter in the sediment of long- (black circles), intermediate- (stars), and short-hydroperiod ponds
(white circles).

Figure 3. Relationship between the concentration of Tot-P and Tot-Fe in the sediment of long(black circles), intermediate- (stars), and short-hydroperiod ponds (white circles).
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found between each pair of variables. No pattern was observed in this ordination.
The relationship between the percentage of organic matter and the concentration
of Tot-P in the sediment showed a gradient (Figure 2), but a threshold of about 10%
of organic matter segregated ponds with short hydroperiod from the rest of ponds.
The relationship between the concentrations of Tot-P and Tot-Fe in the sediment
showed a marked difference between long-hydroperiod ponds and the rest of ponds
at a value of about 5 mg g-1 d.w. (Figure 3). A further analysis of sediment samples at
different depths (0-120 cm) suggested that the concentration of Tot-Fe was different
in the soil profile of ponds within each hydroperiod category (Table 3). On average,
ponds within the short and intermediate hydroperiod categories showed a higher
Table 3. Average concentration of Tot-Fe (µg g d.w.-1) in each soil layer of ponds according to
their hydroperiod. *p<0.05.

soil layer

Long

Intermediate

Short

A
B
C
D
E

6254*
4380
2746
3440
923*

7913
16966
13740
7439
7697

5368
7085
20767
8970
4150

concentration of Tot-Fe below the layer B though this difference was not significant
(p>0.05, d.f.=4, ANOVA on Ranks). The average concentration of Tot-Fe in the longhydroperiod ponds was highest in the top layer and decreased with depth. The average concentration of Tot-Fe was significantly different between the top and deepest
layers of the soil profile in the long-hydroperiod ponds (p<0.05, d.f.=4, Dunn’s
method after ANOVA on Ranks).
DISCUSSION
The length of the wet phase has long been regarded as a fundamental condition influencing all other features in temporary aquatic systems (Rzóska, 1961). Additionally,
the pattern of desiccation and its degree of predictability are also important influences on the biota of temporary waters (Williams, 1987). Consequently, these hydrological features should be quantified in every ecological study of temporary aquatic
systems. The variability of the Mediterranean climate, however, prevents obtaining
hydrological information in the short-term, which ought to be estimated, then,
through the quantification of other variables. Our results indicate that sediment
rather than water was able to register the main hydrological pattern of the Doñana
temporary ponds. This study did not include variables related to primary production, but previous studies did not find any significant segregation despite a gradient
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of chlorophyll concentration had been found from semi-permanent to ephemeral
ponds (García-Novo et al., 1991; Espinar and Serrano, in press).
The broad hydroperiod categories used here distinguished 3 types of ponds
according to the relationships among several sediment features. The co-variation
between the concentration of Tot-P and organic matter in the sediment is hardly surprising because P generally limits the primary production of aquatic systems. This
relationship has been previously reported in a permanent lagoon in the Doñana
region where organic P-fractions dominated the sediment composition (Serrano et
al., 2004). Iron is also known to play a major role in the P-sediment composition of
the Doñana ponds (Díaz-Espejo et al., 1999), and on the bioavailability of P after
floods (Serrano et al., 1999). Golterman’s equilibrium model (1995) predicts that the
bioavailabity of P for primary producers is in equilibrium between the input and
binding capacity of the system. This binding capacity lies on the adsorption/release
processes of P in the sediment, which mainly depend on the pH, the concentration
of iron-hydroxides in the sediment and the Ca2+ concentration in the water (Golterman, 2004). Consequently, the relationship between Tot-P and Tot-Fe found in the
sediment of these ponds is based on the adsorption of P onto iron-hydroxide which
brings about a fraction of P bound to Fe(OOH) that has been reported to range
between 0.3-30% of the Tot-P in the sediment of the Doñana ponds (Díaz-Espejo et
al., 1999; Serrano et al., 2003). The basis of this relationship being different for ponds
with different hydroperiods probably lies on differences in the groundwater discharge to these ponds. Previous studies showed that reduced iron carried by the
ground water is oxidized on seeping into the sediment surface (Siljeström, 1985).The
upward mobility of iron, thus, require reducing conditions provided by a permanent
or semi-permanent groundwater discharge. Similarly, iron in the soil was one of the
main indicators of a geomorphologic zonation in the Doñana Biological Reserve,
which corresponded to the location of different episodes during the formation of the
stable dunes (Reinoso and García-Novo, 2005).
Therefore, the interplay of hydrological, morphologic and geographic features
contributed to the segregation of temporary ponds in this area. In the future, it is our
aim to quantify more hydrological features of this set of ponds in order to achieve a
classification based on the actual duration of the wet phase in each pond. Aerial photographs and Landsat images could be used for this purpose.
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CYANOBACTERIA AND MICROALGAE COMMUNITIES
IN TEMPORARY PONDS
Moyà, G. (1) and Conforti, V. (2)
Abstract
Temporary ponds of Menorca Island have a high diversity of microscopic primary
producers with the diatoms being the most diverse algae, and the different species
of euglenophyceae, zygnematophyceae, xantophyceae and cyanobacteria represent
excellent indicators of the limnological properties of the ponds. The composition of
the communities is correlated with the heterogeneity of the ponds which have
regional differences in terms of physicochemical properties of the waters: pH, iron,
mineral content, and transparency. Temporary ponds are typically shallow with a
large surface to volume ratio, which enhances the competition between phytoplankton and periphyton for light and nutrients. Bidirectional resource supply,
namely, light coming from above and the bulk of nutrients coming from the sediment determine the changes in dominance on the basis of the trophic conditions of
the ecosystem. Increases in phytoplankton production enhance zooplankton growth
and grazing, which in turn, increases water transparency, which is advantageous for
periphyton development. In ponds rich in organic matter and dystrophic, a fraction
of carbon goes to heterotrophic food webs through the microbial loop. The macrophytes are a source of organic matter, and serve as nutrient pump from the sediment
to the water column.
The development of resistant forms of organisms, such as the Chrysophycean
cysts, is evidence of the persistence and history of the species in these ecosystems.
The occurrence of testacea rhizopoda, reveal the importance of zoobenthos in the
acidic water ponds, and their role as limnological indicators. The preservation of
community biodiversity is associated with the conservation of temporary ponds, and
adequate ecosystem management.
Keywords: phytoplancton, peryphyton, regional limnology, Chrysophycean cysts, rhizopoda.
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INTRODUCTION
Temporary ponds are ecosystems whose dynamics are conditioned by the dry season, a factor that restrains the distribution of many organisms and means special
adaptations for other ones. In general temporary ponds are shallow, with a large surface to volume ratio, therefore, liable to suffer great fluctuations as a result of evaporation, rain, and dilution, which affect the physicochemical properties of the waters.
Primary producers of phytoplankton and periphyton -cyanobacteria and micro
algae are the base of trophic webs, but the presence of organic matter is an alternative or complementary way to channel the carbon flow through the microbial loop,
in which bacteria, small flagellates, and algae with mixotrophic capacity take part.
Water macrophytes and the plants living in the ponds during the dry season are a
source of organic matter and behave as nutrient pumps from the sediment.
Shallowness enhances competition among primary producers of plankton and
benthos for light and nutrients, whose bidirectional supply determines the changes
in dominance depending on the trophic conditions of the ecosystem. When nutrients
are not restrained, pulses of phytoplankton production occur followed by a rise in
zooplankton that increase water transparency and favour periphyton development.
This is the situation presented by temporary ponds in Menorca, where we also
find regional differences associated to the island’s geological heterogeneity, morphometry and pond hydrology. The study of physicochemistry and the cyanobacteria and microalgae communities reveals the existence of order patterns of ponds
determined by variables such as: pH, iron, mineral content and water transparency.
Globally this fact establishes high specific and ecosystem richness.
MATERIAL AND METHODS
Phytoplankton and phytobenthos samples were collected during the spring of 2006
and 2007 in thirteen temporary ponds around Menorca. The analysis was made with
an inverted microscope using the Utermöhl technique; algae with hard shells,
diatoms, Trachelomonas of the euglenophyceae group, Chrysophycean cysts and
dynophyceae were observed with a SEM. Some samples underwent elementary
analysis of their shells.
DIVERSITY
Temporary ponds in Menorca offer high diversity of cyanobacteria and microscopic algae: more than a hundred taxa representing most of the phyletic groups of the
epicontinentals and brackish waters (Table 1).
Diatoms are the group with the most taxa. They mainly belong to the order of
pennadas, genera of benthic life such as Gomphonema, Cocconeis, Navicula and Pinnularia are common in periphyton of all ponds; species strictly planktonic such as
Cyclotella meneghiniana and Chaetoceros simplex; the latter, of salt-water, present a
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Table 1. - Taxa number of cyanobacteria and of the different algae groups, and their
relative abundances in Menorca temporary ponds. The enumeration of ponds corresponds to the catalogue of Life Basses project: (02) Bassa de Curniola, (04) Bassa de
Algaiarens, (05) Bassa de Torre Llafuda, (06) Bassa Es Mal Lloc, (10) Bassa Ses Pallisses, (16A) Bassa Verda A, (16B) Bassa Verda B, (19) Bassa Es Molinet, (20) Bassa
Ets Armaris, (21) Bassa Es Clot des Guix, (22) Bassa Ses Penyes d’Egipte, (24) Bassa
Sa Mesquida, (26) Bassa Es Cos des Síndic.
CYANOBACTERIA
and MICRO-ALGAE
Cyanobacteria
Euglenophyceae
Cryptophyceae
Dinophyceae
Haptophyceae
Clorophyceae
Zygnematophyceae
Xantophyceae
Chrysophyceae
Bacillariophyceae

2 4
- 1
2 1
- - - 1 2 1
- - 5 10

5
4
2
5

6
3
3
3
5
1
6

TEMPORARY PONDS
10 16 A 16 B 19 20
1
4
1
8
2
2
2
1
2
2
4
6
1
5
6
9
4
2

21 22 24 26
3 2 1 2
1 1 1
2 1 1 3
- 4
1
- 8 5 3 1
1 1 2
1 - 1
16 6 6 7

%
7
13
7
6
1
15
11
2
2
38

much more localized distribution (Picture 1).
Among euglenophyceae the specific diversity of Trachelomonas stands out, holder of only one flagellum and with a hard cover where iron and other metals accumulate. Chrysophycean cysts, found in few ponds but with great morphological
diversity, also have a resistant cover made of silica. Dinophyceae and cryptophyceae,
represented by planktonic forms of life, reach very high densities in some ponds. In
both groups, species strictly of fresh water have been found coexisting with others
from brackish environments. Oedogonium is the genus with the greatest diversity
among chlorophyceae; its interest goes beyond its morphology: presence of rings of
growth between cells, and reproduction, oogonium of complex structure (Picture 2),
filaments are used as substrate to diatoms and cyanobacteria of the periphyton, and
in general behave as indicators of low mineralization waters.
Zygnematophyceae are abundant in these ponds, particularly desmids Cosmarium and Closterium, which like xantophyceae, are fresh-water organisms and are
more abundant in waters poor in calcium; Tribonema and Vaucheria are the only
xantophyceae found in ponds and have a very restricted distribution.
REGIONAL DISTRIBUTION OF COMMUNITIES
Although the definition of community: many unispecific populations living togethe
limited in space arbitrarily (Whittaker, 1970) is a slightly imprecise concept, a list of
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Figure 1. - Optical microscopy and SEM images of diatoms taxa of the Menorca temporary
ponds, Pinnularia sp. and Chaetoceros simplex, Gomphonema gracile, Cyclotella meneghiniana, Cocconeis placentula, and the euglenophyceae Trachelomonas volvocina.

Cocconeis placentula

Trachelomonas volvocina

Chaetoceros simplex (1000x)

Gomphonema gracile

Pinnularia sp. (400x)

Cyclotella meneghiniana
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Figure 2.- Images of an oogonium and two filaments of Oedogonium, note the growth
rings between the cells, and three species of dinophyceae, Peridiniopsis elpatiewskyi,
Peridinium cinctum, and Oxyrrhis marina.

Oedogonium welwitschii

Peridiniopsis elpatiewskyi

oogonium

Peridinium cinctum

Oedogonium crispum (1000x)

Oxyrrhis marina (1000x)
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pecies of a determined ecosystem can supply much information. Species are very
sensitive sensors of environmental properties. The overlapping of theoretical niches (Hutchinson, 1957) of a coexisting group of species enables the characterization
of such environment, as Margalef (1983) states: each species behaves like a filter, the
significance of different filters is multiplied as is the value of information of the comFigure 3.- Optical microscopy and SEM images of the diatoms Mastogloia, Stauroneis
lauenbergiana and Eunotia (edge of a frustul with the rudimentary rafes of the valves),
and three different Chrysophycean cysts.

Mastogloia sp.

Chrysophycean cyst

Stauroneis lauenbergiana
Chrysophycean cyst

Chrysophycean cyst

Eunotia sp.
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munity. Two parallel analyses carried out from physicochemical and biological variables of the temporary ponds in Menorca (Pretus et al. 2009), and on common characteristics of the communities, based on the cyanobacteria and microalgae lists
(Moyà, 2009), show great similarity. Typologies resulting from such analysis can be
overlapped and correspond to regional gradients of several variables such as pH, iron
and organic matter concentration, mineral content, and water transparency, around
which the island’s ponds are grouped.
There are acidic-water ponds with iron and diluted organic carbon, represented
by Penyes d’Egipte and Es Mal Lloc, both having exclusive taxa such as Eunotia sp.,
Tribonema viride and Vaucheria sp., indicators of this kind of waters (Picture 3).
Bassa Verda B, belonging to the pond type with low mineral content, with iron and
neutral water or slightly basic, meets a spectrum of cellular types and of phyletic and
ecologic diversities unique among ponds and even in overall water ecosystems in the
Balearic Islands. The model in which it best fits is in a dystrophic ecosystem in which
we find a wide range of species of euglenophyceae Trachelomonas, of the zygnematophyceae Cosmarium and Staurastrum, of diatoms Rhopalodia and Stauroneis
and of dinophyceae Peridiniopsis and Peridinium. Its clear water nature is backed
(Pla and Anderson, 2005) by the great quantity of morphotypes of Chrysophycean
cysts found in the sediment (Picture 3).
On the other hand, ponds of waters with high conductivity are the Clot des Guix,
rich in calcium sulphate and Cós des Síndic, where sodium chloride predominates.
In the first one we find different diatoms, among which are the planktonic species
Cyclotella meneghiniana and cyanobacteria such as Oscillatoria lutescens, Spirulina
major and Anabaena sp., whose presence suggest an N/P ratio low in water. Cós des
Síndic is a temporary pond with sea influence. In the seaweed community, planktonic diatoms predominate, such as Chaetoceros simplex and Cylindrotheca closterium, the dinophyceae Alexandrium minutum and Oxyrrhis marina, and the cryptophyceae Rhodomonas salina and Cryptomonas sp; sea species that have found suitable
conditions for their growth in the pond.
PONDS AS ECOSYSTEMS
Phytoplankton and periphyton
Light and nutrients are resources that restrain growth of primary producers, their
flows in water ecosystems follow bidirectional gradients, the light comes from the
surface and the largest reserve of nutrients remains in the sediment. Models of competition between phytoplankton and phytobenthos are explained by the trophic condition of the ecosystem (Hansson, 1992a, b). Oligotrophic and mesotrophic conditions favour periphyton, as it is found closer to the nutrient deposit. But it loses such
advantage in situations of eutrophic conditions when the phytoplankton behaves as
a wall and reduces the light supply. Temporary ponds are small labs in which the ben101
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Figure 4.- Biomass development of peryphytic algae and phytoplankton along a gradient of
increasing productivity. I) extremely low productivity; II) moderate productivity; III) high productivity. Data from Hansson (1992a,b).

efits of interactive competition models between plankton and autotrophic benthos
can be studied. Usually, light reaches the bottom but there are some ponds with very
murky water; thus, the nutrient supply is different among ponds (Picture 4).
Many of the established taxa, mainly from the diatoms group, are of benthonic
life, but in ponds, communities of primary producers of plankton and of benthos can
coexist, even in the Curniola pond, of very murky water where abundant diatoms
have been observed such as Amphora, Gomphonema or Stauroneis, that colonise the
threads of Oedogonium and other macrophytes of the shore. In ponds, pulses of phytoplankton occur as is proved by concentrations of chlorophyll and the proliferation
of Cyclotella and Cryptomonas, followed by periods of growth of filtrating zooplankton, which clarify waters and favour the periphyton. The model will differ
among ponds because environmental conditions are very different. Heterogeneity
confers higher interest in the study of these functional aspects of trophic webs and
the control mechanisms in environments where great predators are not present.
Zoobenthos
In some ponds there are dense populations of thecamoebians Rhizopoda (O. Testacea), amoebae living within a hard or plastic shell made by sheets or scales generated by the animal itself or taken from the environment (Picture 5); their niche is the
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Figure 5.- Optical microscopy and SEM images of the different Rhizopoda taxa of the amoeba,
testacean group, important components of the zooplankton of some Menorca temporary ponds.

Arcella sp1

Euglypha sp

Arcella sp2

Schoenbornia humicola

Centropyxis aculeata

Centropyxis sp.
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bottom or the shore, but they also colonize bryophytes and damp grounds. Their diet
is not well-known, some bare amoebae are carnivores and carry some bacteria in
symbiosis; they prefer clear waters rich in organic matter and acidic pH and, when
they leave evidence of their hard shells, they result in excellent paleolimnological
indicators (Kumar and Patterson, 2000; Patterson and Kumar, 2000).
The distribution of Rhizopoda populations in ponds supplies redundant information along with that supplied by chemistry and the communities of cyanobacteria and algae. Three out of four ponds, Bassa Verda A and B, and Penyes d’Egipte,
with greater presence of thecamoebae, are waters of low mineral content, groups 1
and 2 of Pretus et al. (2009). They also contain a pool of algae, zygnematophyceae,
euglenophyceae and diatoms indicators of this kind of waters.
LIMNOLOGICAL INFORMATION TAKEN FROM TEMPORARY PONDS
The Life Basses project gave us the opportunity to study the microscopic primary
producers of temporary ponds in Menorca. As well as the biological richness of such
ecosystems, a lack of uniformity in the communities distribution must be highlighted. Microorganisms do not show the ubiquity mistakenly attributed to them,
even in situations of relative ecosystem proximity. What we observe are associations
of species that define and divide characteristic communities of each pond or group
of ponds. The interpretation must be done in a regional context although the model
the intermediate disturbance hypothesis (Connell, 1978; Földer and Sommer, 1999)
and the theory of the island’s biogeography by MacArthur and Wilson (1967) can
also be applied.
The plankton-benthos axis can be seen in ponds throughout which different ecologic and evolution strategies appear and suggest rotation between phytoplankton
production and water transparency. In murky ponds and in those rich in organic
matter, algae with trophic versatility gain importance as well as the webs related to
the microbial loop. This ecosystem approach introduces new heterogeneity factors
in ponds, related to the phytoplankton-periphyton relationship, to the autotrophic
and heterotrophic metabolism, to the top-down or bottom-up mechanisms of control, and to the development of means of durability; evidence of persistence and history of ponds.
The very richness and heterogeneity of temporary ponds makes them very fragile
ecosystems put at many risks, to which we must add from a strictly limnological
approach those derived from eutrophication. Fine waters are particularly sensitive
to phytoplankton production increases because phosphorus is kept in solution, and
if added to the fixers of nitrogen we would have the ideal habitat for the proliferation
of cyanobacteria that are present in ponds: a step forward on the path to eutrophic
conditions. Regarding the management programme of ponds, this possibility must
be taken into account: the ponds with higher risk require specific monitoring and
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the fact that eutrophication was one of the main plagues of the 20th century for water
ecosystems must not be forgotten.
One last reflection on the interest of microorganisms living in temporary ponds:
according to recent estimates, more than 50% of the diversity of many groups of protists has yet to be described, and up to 30% of taxa could be endemisms (Foissner,
2006); information on the biogeographic distribution of some groups, such as chrysophyceae and thecamoebae, is not complete and we lack detailed research about their
presence in many ecosystems. The history of research with regard to these groups is
relatively limited or, in any case, inferior to that of superior animals and plants as
they are smaller beings, hard to be seen. Maybe the doubts on Beijerinck’s famous
metaphor, in micro-organisms everything is everywhere, can be focused on a simple
question: if the world is teeming with cosmopolitan unicells, where is everybody?
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THE VEGETATION OF TEMPORARY POOLS:
ADAPTATION AND OPPORTUNISM
Grillas, P (1)., Rhazi. L.(2) and Rhazi, M.(3)
Abstract
Mediterranean temporarily flooded pools are important habitats characterized by
their hydrology and by unique and diverse plant and animal communities. The
species composition of the vegetation results from the interaction between the
regional pool of species and deterministic and stochastic factors. The importance of
deterministic factors is highlighted by the convergence of the vegetation of pools in
different regions of the world that enjoy Mediterranean climate and by the differences with surrounding vegetation (e.g. the contribution of annual species to the
flora). The aim of this paper is to discuss the adaptations (the life history traits) of
the plant species on the basis of a review of literature and to analyse 10-year dynamics of the vegetation in one pool in Morocco. The identification of traits is made in
comparing 3 groups of species: “pool specialist”, “wetland generalist”, and “opportunistic” species.
Hydrology encompasses several proximate factors that control the population
biology of species such as the number and the duration of the flooded and dry
ecophases, the dates of switching between ecophases, the depth of water, and the
intensity of summer drought. Additional factors can have important roles for subsets of temporary pools such as the depth of soil, nutrient availability and salinity.
The main traits that are identified to be selected as adaptation to these factors are a
short life span (dominance of annuals), stunted growth forms, permanent seed/spore
pools, secondary dormancy of seeds/spores, and flexibility in the life cycle and plasticity of growth form. Over 10 years, the majority of the plants found in the Benslimane pool were opportunistic species. These include annuals, often with transient
seed pools, distributed on the margins of the pool with slower establishment than
the pool specialists. Opportunistic perennials establish progressively at the edges of
the pools during dry years.
Keywords: seed bank, opportunistic, strategy, spatial dynamics, temporary pool
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INTRODUCTION
Mediterranean temporarily flooded pools are contrasted habitats for wildlife, neither truly aquatic nor terrestrial, where alternating phases of flooded and dry conditions result in the establishment of unique and diverse plant and animal communities. The species composition of the vegetation results from the interaction between
the regional pool of species and environmental filters/factors (Middleton, 2000).
Environmental conditions include both deterministic factors, i.e. the interaction of
the species’ “niches” with environmental conditions and inter-specific interactions,
and stochastic (neutral) factors, resulting from random patterns of dispersal, colonization and extinction (Chase, 2007). The convergence of the flora of Mediterranean temporary pools in many regions of the world, especially highlighted by
many authors the species richness, the dominance of annuals and the characteristic
presence of Lycophyta species (Isoetes, Marsilea and Pilularia) (e.g. Braun Blanquet,
1936; Quézel, 1998; Keeley and Zedler, 1998; Deil, 2005). This convergence is probably resulting from the similarities of dominant environmental conditions, i.e. severe
summer drought and winter-spring growth season, which suggests that deterministic factors in Mediterranean temporary pools could be relatively more important
than in more stable conditions (Chase, 2007).
The vegetation of the pools is much diversified within and between pools, varying along topographic gradients, between years, and among sites according to hydrology, substrate, biogeography, etc. The variation in space of these environmental factors has led to the description of many plant communities and associations (Deil, 2005
for a review). The vegetation of the pools includes wetland and opportunistic (i.e. terrestrial) species. Among the wetland species, wetland generalist and pool specialist
species can be recognized in the range of habitats where they are found and their
growth forms (Deil, 2005). The identity and the abundance of the opportunistic
species differ with the land use of the nearby habitats (Rhazi et al., 2001).
The aim of this paper is to discuss the adaptations (the life history traits) of the
plant species on the basis of a review of literature and to analyse 10-year dynamics
of the vegetation in one pool in Morocco. The identification of the traits is made in
comparing 3 groups of species: “pool specialists”, “wetland generalists”, and “opportunistic” species.
STUDY SITE
The study site is a pool located (N33°38,497’, W-007°05,242’; elevation: 259m; area:
0.4ha) in the Benslimane cork oak forest (Western Morocco) with a semi-arid
Mediterranean climate (mean annual rainfall: 450mm, range 1997-2006: 220689mm). The dynamics of the vegetation was studied from 1997 to 2006 in 76 permanent quadrats (0.3*0.3m divided into 9 squares of 0.1 x 0.1m) regularly distributed along 2 transects entirely crossing the pool. The species frequency was
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measured in each quadrat as the number of squares in which each species was found
(0 to 9). More details on the study site and field methods can be found in Rhazi et al.,
2001. A Factorial analysis was performed on the vegetation data excluding species
found in less than 4 quadrats over the 10 years. The life cycle (annual/perennial) of
each species was assessed following classical floras for Morocco (Fennane et al., 1999;
Fennane et al., 2007) and North Africa (Maire, 1952-1987). The species were designated as “Pool specialists”, “Wetland generalists” or “Opportunistic” on the basis of
the range of wetlands in which they are found in Morocco and their growth form
(Deil, 2005).
SPECIES COMPOSITION OF POOL HYDROLOGY
Life-forms and life cycle
Worldwide three plant strategies are primarily found in temporarily flooded habitats: dwarf annuals, dwarf geophytes and poikilohydric vascular plants (Deil 2005).
This last group, the resurrection plants, are mostly found in tropical areas where
some species can flower 2 days after rainfall and tolerate high frequency
flood/drought cycles.
In the temporary pools with a Mediterranean climate, annuals are heavily dominant contributing to 66% (Australia, Deil, 2005) to 80% of the flora (California,
Zedler, 1987; Keeley and Zedler, 1998). Annuals of the temporary pools grow during the short favourable season and reproduce before summer intense drought,
which they survive as seeds. Different strategies coexist among these annuals according to their phenology and tolerance to flood at various stages of their life cycle.
Brock and Casanova (1997) and Casanova and Brock (2000) recognized in Australian pools 7 functional groups according to the reaction of individual species to
the change of ecophase (terrestrial->flooded and flooded->terrestrial).
Some species germinate after the first rains in autumn and winter and grow
throughout winter until reproduction in late winter or spring (e.g. Callitriche spp.,
Ranunculus spp …). Other species (Lythrum, Damasonium, Elatine …) germinate at
the end of winter when water recedes and reproduce faster. The late germinating
annual species often exhibit a dwarf growth form and the capacity to produce flowers with a very small vegetative development. Dwarf growth is especially frequent at
the edges of the pools for species germinating when water recedes and with very
short life cycle. Annuals of the temporary pools can show very high flexibility in their
growth form depending on hydrological conditions (e.g. Volder et al. 1997, Bigot,
1999) often coupled with heterophylly (e.g. Ranunculus peltatus). Geophytic perennial species with dwarf growth form are also characteristic of temporary pools. Isoetes
spp. or Marsilea strigosa with a very high tolerance to desiccation are particularly well
adapted to the dry summer environment of the temporary pools. Other species such
as Eryngium spp (Keeley and Zedler 1998) converge towards the isoetid growth form
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with a rosette of terete leaves with lacunar air space. These species have slow growth
and a high percentage of their biomass in the corm/bulb. The dwarf (annual and
perennial) species are found only in areas where the growing season is very short
and productivity does not allow for establishment of high biomass and the dominance of perennial competitive species. Competitive perennials can be found in the
pools; helophytes (e.g. Bolboschoenus maritimus, Eleocharis palustris) are found in
pools with deeper soils and longer duration of flooding. Opportunistic perennial
species can be found during the terrestrial ecophase when soils remain humid (e.g.
Cynodon dactylon) or encroaching the edges of the pools during dry years (e.g. Cistus monspeliensis).
THE SEED BANK
The seed bank and germination ecology play an important role for plant species in
temporary pools. Pool annual species have persistent seed banks that are viable for
several years and probably very long periods (Brock, 1998); they contrast with the
transient seed banks of wetlands with more predictable patterns of drying and wetting (Baskin and Baskin, 1998; Leck and Brock, 2000).
Species of these ephemeral and poorly predictable habitats have developed a “bethedging strategy” analogous to that found in deserts (Aronson and Shmida, 1992).
Only a fraction of the seed bank germinates, with high risk of failure of reproductive
success. The species show asynchronous inter-annual fluctuations of their seed bank
resulting from variability in reproductive success and germination rate (Bonis et al.,
1995). Persistence of seed banks increases the resilience of plant communities in poor
years when high germination rates are followed by low or null reproductive success
(Bonis et al., 1995; Brock et al., 2003).
Secondary dormancy, strict germination conditions requirements (Oxygen, light,
T°…); light dependent germinations are among traits that allow the seed bank to
build up through selective germination as a result of water level fluctuations (Keeley, 1988; Bliss and Zedler, 1998; Collinge et al., 2003; Brock et al., 2003). Experimental manipulation of flooding date concluded that late flooding had significant
impact on the species composition of plant communities; lower species richness in
Mediterranean coastal pools (Grillas and Battedou, 1998) and less specialist pool
species and more generalist wetland species in California vernal pools (Bliss and
Zedler, 1998).
Post recruitment processes play an important role in the zonation of the established vegetation (Welling et al., 1998) resulting from physiological response to water
level fluctuations and life-history traits at early stages (Coops and Vandervelde, 1995;
Brock and Casanova, 1997; Casanova and Brock, 2000).
Resulting from selective germination and survival at the establishment stage, the
species composition of the vegetation shows considerable fluctuations between years,
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primarily driven by the date of flooding (Holland and Jain, 1984; Grillas and Battedou, 1998; Bliss and Zedler, 1998).
The replenishment of the seed bank requires successful development and reproduction of the species. The strategy of the species during that stage can be described
as a compromise between increasing the number of seeds and lowering the risk of
death before reproduction. Many temporary wetland plant species progress from
germination to seed dispersal in 8–12 weeks, which is rapid for angiosperms (Brock,
1998; Brock and Rogers, 1998). For the annuals of the temporary pools the number
of seeds produced is strongly correlated with the total biomass established (Bonis et
al., 1993; Grillas et al., 1993). Therefore strict aquatic species need to establish themselves early to build high biomass and thus successful reproduction (e.g. Tolypella
spp can already reproduce at the end of winter in Mediterranean coastal pools). The
stunted amphibious species usually germinate late when water recedes and they need
to reproduce very fast before the drought becomes severe. Amphibious plastic
species have more flexibility in their life-cycle as they can cope with both dry and
flooded conditions (Volder et al., 1997).
10-Year dynamics of vegetation in a pool in Morocco
The period in study (1997-2006) was characterized by large inter-annual rainfall
fluctuations with wet (1997, 2003, 2004 and 2006) and dry years (1998, 1999, 2000,
2001, 2002 and 2005) (Fig. 1). The maximum levels of water recorded in the pool
ranged between 40 and 54cm in wet years and 5 to 17cm in dry years. The duration
Figure 1. Total rainfall during annual hydrological cycles (September-August) between 1960
and 2006 at Benslimane (in black are the years studied; dotted line: average from 1961-2006)
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of the flooding periods ranged between 3 and 23 weeks.
The vegetation of the pool experiences large changes during the 10 years of monFigure 2. Plot ½ of the CA vegetation (1997-2006) with positioning of the barycentres of the years
(in bold: Pool specialist; bold underlined: Wetland generalist; non bold: Opportunist species).

Figure 3. Inter-annual variations of the number of species: “Pool”, “Wetland generalist”, “Opportunistic”, and Total.
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itoring (Fig. 2). The species composition fluctuated between dry and wet years along
axis 1 of the FA (Fig. 2). The barycentre of the distribution of the quadrats gradually shifted along axis 2 with time, along with an increase of the species richness of vegetation.
The number of species registered per year increased progressively (Fig.3) from
28 to 68 during the study (Spearman Rho = 0.91, p< 0.001) for a total number of 95
species encountered of which 18 were Pool specialists, 19 wetland generalists, and
58 Opportunistic species. The annuals (77 species) represented 81% of the accumulated total richness over the 10 years (perennials = 19%). The number of “Pool”
species fluctuated within the range 4-17 without any significant trend over time; the
number of “Pool” species per year was, however, significantly correlated to rainfall
(r2= 0.74; n=10; p< 0.001). In contrast, the number of “Opportunistic” species significantly increased (Spearman Rho = 0.66, p<0.05) especially during the first four
years and then fluctuated between 24 and 39 species after 2001. The “Wetland generalists” fluctuated between 14 and 18 species during the 10 years (Fig.3). The annual number of “Wetland” and “Opportunistic” species did not show any significant
correlation with rainfall or maximum water level in the pool.
Table 1. Comparison of the three groups of species: Wetland Generalists (G), Pool Specialists (P)
and Opportunistic (O) of their inter-annual variance of abundance, depth distribution, size of
the seed bank, and number of days for 50% establishment of seedlings; differences are tested with
Kruskall-Wallis test; min= minimum value, Med= median value, max= maximum value, **=
p<0.01, ***=p<0.001.
Wetland

Pool Specialist (P)

Opportunistic (O)

Generalist (W)

Kruskal-

min med max min med max

min

med max chi2

Variance of
abundance
(s.d./mean)

0.9

3.2

13.2

Depth (cm)

-69

-49

21

Seed bank
density
(Nb/m2)

0

Establishment
289
(Julian
calendar)

1

5.7

25.1

1.8

10.1

-62 -33

-21

-71

-29

0

0

289

353

896 21099 0

304

Comparison

Wallis

3026 73367

360 289 346

9
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25.1 29.1

-8

p
*** W < P < O

23.1

*** W < (P=O)

1512 46.1

*** (W=P) > O

37

11.8

** W < (P=O)
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The inter-annual variation (variance) of abundance was also significantly different between groups: the wetland Generalists showed lower fluctuation than the Pool
species and maximum variance was found for Opportunistic species (Tab. 1).
The Wetland generalist and Pool species had very high density of seeds compared
to the Opportunistic species (Table 1). During a germination experiment (4 months),
the rate of germination and establishment was significantly different between the
groups of species (Chi2 = 11.8 ; DF= 2 ; P< 0.01). The Wetland generalist species
established significantly faster (median= 30days) than the Pool (median= 72days)
and Opportunistic (median= 79 days) species (Table 1).
The Wetland generalist group had a distribution significantly lower (0.2m) than
the Pool and the Opportunistic species, which did not differ significantly (Tab. 1).
DISCUSSION
Permanent plots allow powerful understanding of the dynamics of communities
avoiding the effects of confusing factors that are often found in chronosequences
(Johnson and Miyanishi, 2008). The vegetation of the temporary pool of Benslimane
showed large changes in species composition which has been analyzed through the
dynamics of the 3 functional groups: Pool specialists, Wetland generalists and
Opportunistic (terrestrial) species. The Wetland generalist species were more abundant in the centre of the pool (Table 1) where they benefit from the most frequent
flooding conditions. The Pool specialist species were found all over the pool with a
maximum abundance at intermediate depth where they are exposed to frequent but
shallow flooding conditions. The Opportunistic species were terrestrial species that
were found mostly at the edge of the pool.
The three functional groups differ in traits that are important for coping with the
harsh conditions imposed in temporary pools by the alternate flooded and dry
ecophases.
Both the Pool and Wetland generalist species had large permanent seed banks
(Table 2) that are usually considered as adaptive in temporary flooded conditions
(e.g. Bonis et al., 1993; Brock 1998). In contrast, the Opportunistic species, most of
them without perennial seed banks, appear to be transient colonizers of the pool,
with large inter-annual fluctuations and constant appearance of new species.
The Pool and Wetland generalist species differ in size and behaviour at the establishment phase. The Pool species are amphibious species that, because of their stunt
growth form, hardly tolerate being completely submerged and thus, deep water (Deil,
2005). Wetland generalist species established faster than Pool species as they can
cope with water depth by morphological and physiological adaptations (larger size,
tolerance to complete flooding, heterophylly...). The larger inter-annual variance of
the abundance of the Pool species compared to the Wetland species can be explained
mainly by the large increase in surface area of the pool submitted to shallow flood116
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ing, which increased the number of sites available. An additional factor could be the
reduction of competition by the decline of the abundance of the Opportunistic
species during the high floods (Rhazi et al., 2001).
Over the 10 years of study, the Pool and Wetland generalist species each contributed to about 20% of the total species richness while the Opportunistic species
made up as much as 61% of the species. The flooding conditions had a large impact
on the species composition of vegetation with a decrease in the abundance of Opportunistic species and conversely an increase in the abundance of Pool and Wetland
Generalist species (Fig.2). However, hydrological conditions had a significant effect
on the number of Pool species and not on that of Wetland generalist and Opportunistic species. Beyond this direct impact of the hydrological conditions, vegetation
showed gradual changes (Fig.2, Axis2), which may correspond to “ecological drift”
(Hubbel, 2001; Leibold and McPeek, 2006) resulting from the effects of stochastic
factors during recruitment within the pool of Opportunistic species colonizing from
surrounding habitats. Drought increased the number of sites available for the establishment of Opportunistic species and conversely, flooding acted as a filter that
restricted the abundance and extension of the species. The continuing increase of
the number of Opportunistic species could explain the ecological drift of the vegetation of the pool, partly resulting from dispersal limitations from the surrounding
forest (Questad and Foster, 2008).
Our results support the hypothesis that 3 different groups of species coexist in
temporary pools with distinct dynamics in time and space.
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SMALL-SCALE PLANT DISTRIBUTION IN MEDITERRANEAN
TEMPORARY PONDS: IMPLICATIONS FOR CONSERVATION
Bagella, S.(1), Caria, M.C.(1) and Zuccarello, V.(2)
Abstract
This research was undertaken with the aim to improving the knowledge of smallscale distribution of plant communities in Mediterranean temporary ponds and
to evaluate their diversity and conservation relevance in order to provide a sound
basis for the prioritization of conservation efforts according to the Habitats Directive. Plant abundance was assessed along transects located in homogeneous vegetation areas. Hierarchical classification of the samples provided four groups based
on floristic affinities. Each group was characterised in the floristic and derived
spaces (e.g. structural and phytosociological) and their correspondence with habitats of Community Interest was evaluated. The priority habitat 3170* was recognized in the outer belt of the ponds, which was therefore proposed as a main conservation target.
Keywords: life forms, Isoeto-Nanojuncetea, Habitats Directive, Sardinia.
INTRODUCTION
The high level of plant diversity in Mediterranean temporary ponds (TPs) has long
been recognized (Braun-Blanquet, 1935; Quézel, 1998; Médail et al., 1998; Grillas et
al., 2004; Deil, 2005; Bagella et al., 2009a). In Europe, TPs are considered Habitats
of Community Interest referable to the codes 3120, 3130 and 3170* (European Commission, 1992). These habitats rarely, if ever, occur as isolated stands. More frequently
they are found in a mosaic of several types (Bagella et al., 2007). This is mainly attributed to a typical trait of temporary wet habitats: a small-scale zonation of the vegetation, depending on the water depth and the flooding period (Deil, 2005). To
describe and classify the different types of plant communities repeatedly found in
the TPs, it is necessary to use a sampling scale that is of higher resolution than that
of the entire pond. By using this approach it is possible to capture the diversity of
species assemblages within a pond and identify general patterns of plant diversity
and distribution (Barbour et al., 2003). In some areas of the Mediterranean basin, it
is often possible to distinguish three concentric belts of vegetation (Rhazi et al., 2006;
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Bagella et al., 2009a and 2009b): an inner or central belt (CB), an intermediate belt
(IB), and peripheral or outer belt (OB).
The objectives of this study were to: (i) identify homogeneous floristic groups
characterizing different spatial units within TPs; (ii) analyze the coherence of these
groups in relationship with different variables (e.g. derived spaces); and (iii) evaluate the conservation value at a spatial scale finer than the entire pond in order to provide a sound basis for the prioritization of conservation efforts.
MATERIALS AND METHODS
The research was performed in nine TPs of natural origin covering a wide range of
altitudes and substrates (Tab. 1) located in Sardinia (Italy).
Ponds were visited three times throughout the year (March-April-May). Vegetation
surveys were carried out along transects (10m in length) located inside homogeneous vegetation units. Typically two or three units were present within a TP, referable to concentric belts (CB, IB, and OB). As a whole, twenty-five vegetation units
were identified (Tab 1).
Table 1. Characteristics of the studied TPs (B=Buddusò; M=Montresta; MM=Monte Minerva;
MP=Mandra Pudatta; PP=Punta Palai; S=Suni; SC=Scano Montiferro; SM=Santa Maria;
T=Torralba. Vul-cal=Calcalkaline vulcanits; Lim = Limestones; Vul-alc = Alkaline vulcanits
Gran = Granits; CB=central belt; IB= intermediate belt; OB=outer belt).
Pond name

B

M

MM

MP

PP

S

SC

T

SM

Altitude, m

798

436

625

1033

1120

308

722

503

632

Geology

Gran

Vul-cal

Vul-cal

Vul-alc

Vul-alc

Lim

Vul-alc

Area, m2

928

594

620

7743

820

250

300

Belts

Vul-cal Vul-cal
716

1000

CB-IB-OB CB-IB-OB CB-IB-OB CB-IB CB-IB-OB CB-IB CB-IB-OB CB-IB-OB CB-IB-OB

Plants were classified following Pignatti (1982) and Tutin et al. (1964–80) and
categorized according to life form (Raunkier, 1934) and phytosociological class
(Rivas-Martínez et al., 2002).
Plant cover was assessed within 30 x 30m quadrats located at 1m intervals. Cover
was visually assessed: each quadrate was divided into nine 10 x 10cm sub-quadrats,
and a score from 0 (barren) to 4 (totally covered) was assigned to each plant. The
nine estimates were added up (Dethier et al., 1993) and converted into percent of
coverage.
Species coverage values for each homogeneous spatial unit were calculated by
averaging the data across quadrats and sampling dates. These values were used to
construct a floristic matrix (F matrix) samples x species describing the floristic space.
The similarities matrix between each pair of samples was calculated using the Bray–
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Curtis similarity coefficient on untransformed data (Bray and Curtis, 1957).
Using this matrix two strategies were applied for the identification of homogeneous groups of samples: (i) a priori, based on the relative position of the samples
within the TP (CB, IB, OB) and (ii) a posteriori, based on a hierarchical agglomerative classification of the samples. For the a priori evaluation, formal significance tests
for differences between the three groups based on position within each pond (CB,
IB, OB) were conducted with one-way analysis of similarities (ANOSIM) permutation/randomization tests (Clarke and Warwick, 2001). For the a posteriori evaluation, a cluster analysis was performed to produce a dendrogram of the samples based
on the algorithm of group average in order to identify homogeneous groups of samples. Formal significance tests for differences between the groups were conducted by
one-way analysis of similarities (ANOSIM) permutation/randomization tests
(Clarke and Warwick, 2001). The assessment of characterising variables, which bring
the main contribution to average similarity within each group, was performed using
the SIMPER routine (Clarke, 1993).
Based on different aggregation criteria two matrices were derived from the F
matrix: a matrix samples x life forms describing the structural space (S matrix) and
a matrix samples x phytosociological classes describing the phytosociological space
(P matrix). The relating similarities matrices were calculated using the Bray–Curtis
similarity coefficient on untransformed data. In each derived space a comparison of
the groups was performed throughout the ANOSIM procedure. The assessment of
characterising variables, which bring the main contribution to average similarity
within each group, was performed using the SIMPER routine.
Conservation relevance was evaluated for each group on the basis of the presence
of habitats of Community interest (European Commission, 1992) following Bagella
et al. (2007).
RESULTS
The a priori partition in groups based on the relative position within the pond (CB,
IB, OB) was globally significant (Global R = 0.439; Significance level of sample statistic = 0.001), but differences between CB and IB were not significant (p=0.065).
The hierarchical classification of the samples (Fig. 1) provided four groups (cut
level=15%) based on floristic affinities. Differences between groups were globally
significant (Global R =0.803; Significance level of sample statistic=0.001) as well as
differences between each pair of groups (0.001<p<0.006).
The floristic space was therefore characterized based on the groups identified
through the hierarchical classification. Each group was characterised on the basis of
the taxa accounting for a cumulative value of about 90% of the similarity each of them.
Group 1 includes all the samples carried out in the OB, except for one case (PPOB). The most characteristic species accounting for a cumulative value of about 90%
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Fig. 1 – Hierarchical classification of the samples (B=Buddusò; M=Montresta; MM=Monte
Minerva; MP=Mandra Pudatta; PP=Punta Palai; S=Suni; SC= Scano Montiferro; SM=Santa
Maria; T=Torralba. CB=central belt; IB= intermediate belt; OB=outer belt).

of the similarity within the group, in decreasing order of contribution, were: Trifolium subterraneum L., Agrostis salmantica (Lag.) Kunth, Bellis annua L., Carex divisa
Hudson, Isoetes histrix Bory, Lotus subbiflorus Lag., Isoetes gymnocarpa (Genn.) A.
Braun, Medicago minima (L.) Bartal, Alopecurus bulbosus Gouan, Juncus bufonius L.,
Plantago coronopus L. subsp. commutata (Guss.) Pilger.
Group 2 includes samples from CB and IB. The top characterising species were:
Callitriche stagnalis Scop., Lythrum borysthenicum (Schrank) Litv., Glyceria spicata
Guss., Isoetes tiguliana Genn., Trifolium michelianum Savi, Myosotis sicula Guss.,
Apium crassipes (Koch) Rchb. fil.
Group 3, like group 2, also includes samples from CB and IB. The top characterising species were: Apium crassipes, Lotus uliginosous Schkuhr, Glyceria spicata, Eleocharis
palustris (L.) R. et S., Mentha pulegium L., Agrostis salmantica, Isoetes tiguliana.
Group 4 is the smallest including just 4 samples, 3 from IB and the only one from
OB not included in group 1. Only three species were identified as characteristic:
Alopecurus bulbosus, Mentha pulegium, Agrostis salmantica.
In the structural space, differences between groups were globally significant
(Global R=0.788; Significance level of sample statistic=0.001). Differences between
each pair of groups were significant (0.001<p<0.005) except for group 3 vs. group 4.
The most characteristic life forms accounting for a cumulative value of about 90%
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of the similarity within the group, in decreasing order of contribution, were: Terophyte (T) and Geophyte (G) in group 1; Hydrophyte (Hy), T and G in group 2; Hemicriptophyte (H), G and Hy in group 3; and H, G and T in group 4.
The coherence of the floristic groups was confirmed in the phytosociological
space. The ANOSIM was globally significant (Global R=0.763; Significance level of
sample statistic=0.001) as well as the differences between pairs of groups
(0.001<p<0.006). In group 1 the most characteristic phytosociological classes
accounting for a cumulative value of about 90% of the similarity within the group,
in decreasing order of contribution, were: Poetea bulbosae, Isoeto-Nanojuncetea,
Juncetea maritimi, Stellarietea mediae, Saginetea maritimae. In group 2 the top characterising phytosociological classes were: Potametea, Isoeto-Nanojuncetea, Phragmito-Magnocaricetea; in group 3: Phragmito-Magnocaricetea, Molinio-Arrhenatheretea,
Isoeto-Nanojuncetea, Juncetea maritimi; in group 4: Juncetea maritimi and PolygonoPoetea annuae.
Using the criteria of characteristic species and phytosociological classes (e.g. Isoeto-Nanujuncetea), groups 1, 2, and 3 were identified as habitats of Community Interest. Group 1 was characterized by terrestrial quillworts such as Isoetes histrix and
Isoetes gymnocarpa (Genn.) A. Braun, and therefore referred to the priority habitat
3170* - Mediterranean temporary ponds. Groups 2 and 3 were characterised by
aquatic quillworts such as Isoetes tiguliana and therefore referred to the habitat 3120
- Oligotrophic waters containing very few minerals, generally on sandy soils of the
West Mediterranean.
CONCLUSIONS
The application of a small-scale zonation approach to samples from different TPs
allowed us to identify four distinct floristic groups that should represent four reference conditions in TPs. The samples, obtained considering the average coverage of
each species throughout the vegetative season, were representative of homogeneous
areas that should become the target for specific conservation actions. Analysis of the
spaces derived from the floristic ones provided differences in the structural and phytosociological composition as well.
Considering the relative position (CB-IB-OB) of each sample within TPs (Fig. 1),
it is evident that samples from the OBs (expect for PP) were all included in the same
group (group 1). In contrast, samples from the CBs were included in two groups
(group 2 and 3) and samples from the IBs, being the more heterogeneous, were split
into 3 groups (2, 3, 4).
Group 1 was mainly characterized by T and G with a high proportion of cover of
species of Isoeto-Nanojuncetea, which is considered the benchmark class for the identification of temporary wet habitats according to the Habitats Directive (European
Community, 1992). This group was ascribed to the priority habitat 3170*. This class,
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Isoeto-Nanojuncetea, was well-represented also in groups 2 and 3, which showed a
high coverage of species from the classes Potametea and Phragmito-Magnocaricetea,
attributable to the different hydrological gradient. These groups were ascribed to the
habitat 3120. Finally, in group 4, no habitat of Community Interest was identified.
Therefore the OB should represent the main conservation target within TPs. On
the other hand, it should be considered the most vulnerable in respect to the colonization by terrestrial species, especially those linked to human activity, such as the
species belonging to the classes Poetea bulbosae and Stellarietea mediae.
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DETERMINANTS OF FLORISTIC RICHNESS IN MINORCAN
TEMPORARY PONDS: IMPLICATIONS FOR MANAGEMENT AT THE
REGIONAL LEVEL
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Abstract
The network of temporary ponds in Minorca is comprised of around 70 temporary ponds and is characterized by having an outstanding richness of vascular
flora. The seasonal fluctuations of water level conform a particular set of vascular
plants adapted to these conditions. The purpose of this project is to identify the
main determinants of floristic richness heterogeneity among the different temporary ponds and to discuss the implications of these results for the management of
the network at the regional level.
Vascular plants of the temporary ponds network were inventoried and floristic
richness was calculated. Climatic and topographic variables were determined for
each pond using information extracted from available environmental thematic
layers of Minorca and additional studies on these ponds. Stepwise regression was
used to test the possible effect of particular environmental conditions, connectivity, and habitat area on floristic richness. Network theory analysis tools were applied to derive network structure properties and to identify key temporary ponds
for the resilience of the network.
Preliminary work identified a positive effect of habitat area and minimum temperature in August on floristic richness. Nevertheless, specific environmental conditions were linked to particular species occurrence patterns. Degree distribution
and k-shell analysis allowed for the identification of ponds that play key roles as
network hubs. As these ponds may be essential for keeping the network ponds
connected through species dispersal processes, specific management measures
should be developed to ensure their persistence.
Keywords: floristic richness, temporary ponds, neutral theory, complex networks,
nestedness
INTRODUCTION
Temporary ponds are known to have an outstanding biodiversity of unique features. The changes in water level that take place periodically define flooded areas
and dry areas of changing magnitudes that promote the colonization of species of
flora and fauna adapted to living in an environment subject to constant fluctua129
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tions (Holland and Jain, 1981, 1988; Keeley and Zedler, 1998; Grillas, 2004). Particularly, the vascular flora found in this habitat conform temporary ponds as small
singular “islands” in terms of their surrounding vegetation (Baskin, 1994; Fraga,
2008). The biotic communities of these habitats usually show a heterogeneous spatial pattern that is conditioned by the presence of such a singular habitat type and
by the usual low dimensions of such habitat. Moreover, this habitat also shows a
diversity of subtypes according to factors like geology or landform (Smith and Verrill, 1998; Yavercovsky et al., 2004), further contributing to its high biodiversity.
The island of Minorca has a relevant representation of temporary ponds, not
just in number, but also in diversity, due, among other factors, to its geological diversity, rainy winters and the presence of impermeable soils (Fraga, 2008). Thus, the
inventory work carried out in the LIFE BASSES project (LIFE05/NAT/ES/000058)
has identified a network of 70 temporary ponds of varying sizes, physical environmental conditions, and connectivity, distributed throughout the island of Minorca.
A recent study on the vascular flora of 63 of these temporary ponds (Fraga, 2008)
found 360 taxa associated with this habitat. Most of them (69%) grow outside the
flooded areas and correspond to plant species with a wide distribution within the
island. However, the remaining 31%, which occur in the flooded areas, correspond
to species that are much less widespread or even quite rare, with many of them
found in less than 10 localities on the island.
In this context, the purpose of this project is to identify the main determinants
of floristic richness heterogeneity among the flooded areas of the different temporary ponds and to discuss the implications of these results for the management
of the network at the Minorcan regional level.
MATERIAL AND METHODS
The inventory of vascular flora associated to the Mediterranean temporary ponds
on the island of Minorca carried out as part of the LIFE Basses project (Fraga,
2008) was used to calculate floristic richness in the inundated area of 63 temporary ponds. Taking into account the geographic coordinates of each pond, climatic
and topographic variables were determined using information extracted from
available environmental thematic layers of Minorca and additional studies on these
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ponds. Geophysical data was obtained from a 1:10.000 vectorial cartography covering the entire island provided by the Consell Insular de Menorca. A MDT was
defined and converted to raster format with 5m resolution. Altitude, slope and aspect were obtained from this cartography. Deep ravines produce a very particular
microhabitat that may affect plant species’ distribution. Thus, a cost surface from
ravines was created to point out this geomorphological condition. Climatic models were used to calculate rainfall, temperature and evapotranspiration layers
(Thornthwaite and Mather, 1955) based on multiple linear regressions proposed
by Guijarro (2001) for the Balearic Islands. Several bioclimatic indexes (Lang,
Martonne, Ángstrom and Emberger) were used to characterize some features that
simple climatic variables might not be able to point out. The ponds were categorized into six subtypes according to geologic and edaphic criteria (Fraga, 2008).
Additionally, the maximum floodable area was estimated for each pond
and ponds were also classified into six categories according to this variable. Furthermore, to characterize the connectivity of each pond, the number of other temporary ponds located within a 1, 3, 5 and 8km radius was calculated (degree
distribution in network theory). Finally, distances to the nearest road, nearest path
and nearest building were calculated to account for possible effects of human activities near the ponds.
A multiple linear regression was used as an exploratory tool to test the possible effect of particular environmental conditions (climate, topographic, anthropic
effects). Furthermore, a general linear model was used to assess the effect of pond
type, connectivity and habitat area on floristic richness. Whittaker’s measure of
beta diversity was estimated to assess the rate of change in species composition
across the temporary pond network. Network theory analysis tools were applied
to derive network structure properties and to identify key temporary ponds for
the resilience of the network. Specifically, the degree distribution (Bascompte and
Jordano, 2007) and the k-shell decomposition (Carmi et al., 2007) of the network
were calculated for threshold distances of 1, 3, 5, 8 and 10km. Furthermore, taking into account species composition in each pond a nestedness analysis was performed for the network using WINE (Galeano et al., 2009).
RESULTS AND DISCUSSION
Preliminary work carried out with multiple linear regression did not identify any
significant effect of the climatic, topographic and anthropic variables tested. The
general linear model identified a positive relationship between species richness
and both habitat area (p<0.013) and number of links at 1km (p<0.042), 5km
(p<0.003) and 8km (p<0.020), which accounted for 48% of the variance. The positive relationship between species richness and area simply confirms the speciesarea relationships that have been extensively documented for many types of
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habitats and groups of species (Preston, 1962). A nestedness pattern was observed
when species composition at each pond was analyzed, indicating that the species
found in ponds with a lower number of species were in great part subsets of the
species found in ponds with a higher number of species. This nestedness pattern
reinforces the idea that habitat area is an important factor determining species
richness. On the other hand, the significant effects of connectivity found reflect the
relevance of species dispersal range and the spatial structure of ponds in determining species richness.
Degree distribution at the different selected threshold distances, i.e., the number of other temporary ponds located within a 1, 3, 5 and 8km radius allowed for
the identification of ponds that may play key roles as network hubs. Thus, the temporary ponds of cocons d’Algendar and cocó d’Algendar Vell were recursively
among those with the greatest number of links at 1, 3 and 5km, whereas Bassa de
Torre Llafuda and Bassa des Mal Lloc were among those with the greatest number of links at the 5 and 8km range. As these ponds may be essential for keeping
the network ponds connected through species dispersal processes, specific management measures should be developed to ensure their persistence. The connectivity of the ponds was found to be largely determined by the threshold distance
considered. The accumulated degree distribution of the Minorcan temporary pond
network for threshold distances of 1, 3, 5, 8 and 10km can be seen in Figure 2.
Considering a degree of 10 links (15% of the ponds) as a benchmark of connectivity, it can be observed that there are no temporary ponds that achieve this
connectivity at threshold distances of 1 and 3km. Therefore, for vascular plants
with maximal dispersal distances within this range, little intensity of metapopulation dynamics is expected. At a 5km threshold there is an intermediate situation
where about 10 ponds achieve this benchmark, whereas at a threshold distance of
8km over 80% of the temporary ponds have this connectivity. Figure 3 presents the
different networks that are generated using threshold distances of 8, 5, 3 and 1km.
Most ponds are isolated at a threshold distance of 1km, whereas at a threshold
distance of 8km, all the ponds are interconnected. At a threshold distance of 5km,
two main subsets of well-connected ponds can be observed. These subsets are connected by a single link between Bassa de Binigurdó and Es Puigmal.
These two ponds may play a relevant role linking the two subsets for plant species
with maximal dispersal distances of around 5km.
Studying each species’ distribution pattern individually across the network of
temporary ponds, it was observed that in most cases distribution was not clearly
dependent on geographic isolation patterns. Therefore, particular species occurrence patterns are probably linked to specific environmental conditions residing
at each pond and, in many cases, are not very limited by dispersal. Actually, the
overall estimate of beta diversity was 10.93, which corresponds to an average re
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Figure 1. Bipartite graph representing the interaction between the temporary ponds of Minorca and vascular flora species of the inundated area that inhabit them. The left vertical axis
gathers the different species found in the inventory, whereas the right vertical axis lists the
temporary ponds.

Figure 2. Cumulative degree distribution in the network of Minorcan temporary ponds for
different threshold distances. The vertical axis represents the number of ponds that have a
particular degree or number of links (horizontal axis). Threshold distances: red asterisks: 1
km; blue circles: 3km; red stars: 5km; green squares: 8km; red circles: 10km.
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Figure 3. Maps of Minorca and its network of temporary ponds showing the resulting spatial
networks when threshold distances of 8, 5, 3 and 1km are applied (from left to right and top
to bottom). Axes denote X and Y coordinates.

placement of species of 17%. This is in accordance with the bipartite graph (Figure 1) that links species and temporary ponds, in which a relevant species composition overlap can be derived. All this suggests that there may be long-distance
dispersal events for many of the species of vascular flora considered (Gauthier and
Grillas, 2004). In this context there is evidence that seeds and other propagules
from plants of temporary ponds can be transported, sometimes very long distances, by means of dirt stuck to the feet of birds or passing through birds’ digestive tracks without being damaged (Proctor, 1961; Figuerola et al., 2003). Thus,
for example, aquatic birds are considered to be the main dispersal agent of seeds
and eggs across the temporary ponds of Doñana National Park in Spain (Green et
al., 2002). Other vertebrates such as cattle, rabbits or rats (Zedler and Black, 1992)
may also act as dispersal agents over shorter distances. Furthermore, the wind
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may also play a relevant role in dispersal for plants with adequate adaptations to
anemochory. The different dispersal agents (birds, other vertebrates, wind, etc.)
acting in each species and the particular features of each propagule determine the
network of pond interactions resulting for each species.
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BIOGEOGRAPHICAL PATTERNS OF RUPPIA
IN THE MEDITERRANEAN:
NEW INSIGHTS ON DIVERSITY AND DISPERSAL
Triest, L. (1) and Sierens, T. (1)
Abstract
Inland and coastal saline waterbodies are valuable habitats that deserve attention for
protection of unique submerged macrophyte beds that render the water clear, stabilize sediments and provide habitats for invertebrates as food for waterfowl. The ‘continental seagrass’ Ruppia occurs in a wide range of saline temporary saltmarsh ponds
and lagoons of the Mediterranean. Two cosmopolitan species R. maritima and R. cirrhosa are recognized throughout Europe and an endemic R. drepanensis in the western Mediterranean. Hence, EUNIS database does not consider Ruppia taxa as rare
or endangered.
The concept of only two widespread Ruppia species suggests a uniform and very
homogenized population structure following the hypothesis of long-distancedispersal through strong bird-mediated dispersal events. This was considered as our
null-hypothesis when investigating more than 1000 individuals from 35 wetland
areas across the Mediterranean for their chloroplast DNA diversity.
We obtained 13 cpDNA haplotypes, representing at least five distinct evolutionary units: R. maritima (including the var. brevirostris), R. drepanensis and a R. cirrhosa complex consisting of at least 3 groups (putatively named R. cirrhosa, R. spiralis and a South Mediterranean unit). Most of the diversity was present in the
western Mediterranean, along a transect from the Camargue towards southern
Spain. The lowest diversity was observed in wetlands along the Adriatic, Ionian and
Aegean Sea. An obvious east-west cleavage was noted between the two basins of the
Mediterranean Sea suggesting a Siculo-Tunesian barrier and low propagule dispersal cross-basins. Clustering and ordination of Ruppia haplotypes at a regional level
revealed an east-west gradient with Sardinia as intermediate. Ruppia of southern
Mediterranean wetlands, from salinas in the Alboran Sea across northern Africa
towards the Middle East and Cyprus, contained a unique haplotype.
These findings indicate lower long distance dispersal and hence more restricted distribution ranges of Ruppia taxa, thereby increasing their relevance for conservation.

(1)

Research Group ‘Plant Biology and Nature Management’

Vrije Universiteit Brussel, Pleinlaan 2, B-1050 Brussels, Belgium. ltriest@vub.ac.be
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INTRODUCTION
Saline inland and coastal waterbodies are unique habitats. Very few submerged
macrophytes can grow and reproduce under extreme conditions of high salinity,
poorly oxygenated or anoxic sediments, large fluctuations in water level and shallow
wind-exposed waters that are often ephemeral. Among the genera that tolerate high
salinity, such as Althenia Petit, Lepilaena J. Drumm. ex Harv., Zannichellia L., Stuckenia Börner. and Ruppia L., the latter survives the highest salinity, ranging from a few
g/l to 230 g/l (Brock, 1982), which is more than for the related seagrasses. Ruppiaceae
were phylogenetically closely associated to the other seagrass families such as Posidoniaceae and Cymodoceaceae (Les et al., 1997). Ruppia-dominated waters are clear
and shallow with nutrient concentrations ranging from low to high (Verhoeven,
1979a). Large lagoons that are regularly influenced by seawater typically has lower
nutrients than e.g. ponds in saltwater marshes accompanied by cattle or horse grazing. In saline waters, Ruppia often forms monospecific beds and the genus can be
regarded as a ‘continental seagrass’ because it grows in sheltered shallow non-tidal
lagoons and ponds as well as in coastal or inland waterbodies. In brackish waters,
only a limited number of macrophytes species co-exist with Ruppia. Their vegetation often forms very dense monospecific beds over large surfaces and they are
inhabited by an abundant but species-poor fauna (Verhoeven, 1980a). The value of
Ruppia seeds and habitat associated invertebrates as food for birds is especially
known for coot, wigeon and flamingo (Verhoeven, 1980b). Ruppia beds deliver conditions for high quality food in sufficient quantities to support other wildlife.
Such saline ponds and other temporary habitats are critical ecosystems that deliver a high biomass in relation to planktonic-based saltwater communities. The role
of belowground biomass of the root and rhizome system is highly important in binding sediments, whereas the shoot system provides a stable layer above the benthos
and reduces the resuspension of sediments (Green and Short, 2003). Ruppia rhizomes can colonize rapidly and seeds persist in dry and hypersaline conditions (Verhoeven, 1979). Ruppia populations can show annual or perennial growth cycles
(Malea et al., 2004) and extensive work on the ecology, biomass, productivity and
ecophysiology of Ruppia has been achieved. However, the species ecotypic and genotypic variation is only partly understood (Triest and Symoens, 1991).
Ruppia has a cosmopolitan, but discontinuous distribution and is found on all
continents, including many isolated islands from tropical to subarctic regions, as far
north as the White Sea and Iceland (Green and Short, 2003). It is one of the least
known seagrasses and generally four species are recognized with R. cirrhosa (Petagna)
Grande and R. maritima L. as widespread, nearly cosmopolitan taxa and both R.
megacarpa Mason and R. tuberosa Davis et Tomlinson from Australia. Globally, seagrass
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diversity is the highest in tropical Asia and Western Australia and among the lowest
in Europe and the Mediterranean. Unfortunately, species range maps for Ruppia
could not be provided for any continent by the UNEP World Conservation Monitoring Centre as they faced insufficient data (Green and Short, 2003). In Europe, the
EUNIS database for reporting on the distribution and status of species from protected areas (Natura 2000, Corine habitats and Biogenetic Reserves) considers only
R. maritima and R. cirrhosa, following the treatment of Dandy (1980) in Flora
Europaea. Many studies confirmed the existence of R. drepanensis Tineo (or as the
variety R. cirrhosa (Petagna) Grande var. drepanensis (Tineo) Symoens) on the Iberian Peninsula, but they did not achieve the attention at an international level for
monitoring and conservation purposes. Among these, we wish to mention morphological studies (Aedo and Fernandez Casado, 1988; Cirujano and Garcia-Murillo, 1990), cytotaxonomical investigations (Van Vierssen et al., 1981; Cirujano, 1986;
Talavera et al., 1993), and autoecological and isozyme polymorphism studies (Triest
and Symoens, 1991). There are many reports on restricted gene flow of both plant
and animal populations among the historical Mediterranean refugia since the last
glaciation. Genetic patterns are often emerging as an east-west cleavage with the
Siculo-Tunisian Strait as a barrier to gene flow between the two major basins
(Arnaud-Haond et al. 2007). However for Ruppia, such an overall pattern can be
absent or altered as a result of larger-scale panmixis through bird-mediated seed dispersal. It is one of the explanations as to why aquatic plants appear to be widespread
(Santamaria, 2002).
We aimed at investigating the genetic diversity of Ruppia populations across the
European part of the Mediterranean. The objective of this study was to characterize
the haplotypic chloroplast diversity for each species, and to estimate the diversity
between and within regions of the Mediterranean basin. This will permit a targeted
evaluation and better conservation and protection of Ruppia-dominated ponds.
MATERIAL AND METHODS
Study sites and plant materials
Fifty-four waterbodies from 35 wetland areas in the European part of the Mediterranean were investigated for their Ruppia diversity (Table 1). In each site we collected up to 30 individual shoots along a 30m transect. Leaves were dried on silica gel
and a reference herbarium for each population was deposited at BRVU. Additional
cpDNA analysis was carried out on 22 herbarium specimens of BRVU (herbarium
of the Vrije Universiteit Brussel) from the Camargue (6), Corsica (1), W. Spain (1),
Sicily (1), Algeria (2), Libya (1), Cyprus (1), Israel (1), Egypt´s delta region (4) and
Lake Fayoum region (4).
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Table 1 Ruppia chloroplast haplotypes of 54 ponds in 39 Mediterranean wetlands
Country/Region

Pop.
code

N

Area/sea

SW-Inland Spain

SP1
SP2A
SP2B
SP2C
SP3
30
30
SP5A
SP5B
SP5C
SP6

30
32
30
30
30

La Mancha
Donana

SP7
SP8
SP9
SP10A
SP10B
SP11

30
15
25
30
30
30

F10

23

F11
F12
F13
I1
I2
I3
I4
I5
I6
I7A
I7B
7C
I8A
I8B
I9
I10A
I10B
I11
I12
SLO1A
SLO1B
SLO2
GR1A
GR1B
GR1C
GR1D
GR2A
GR2B

30
29
31
28
27
30
30
30
30
10
10
10
30
30
30
30
30
30
26
30
16
30
30
30
30
25
30
30

Southern Iberian
SP4A
SP4B
W. Medit. Spain

NW Med. Spain

NW Med. France

Sardinia

Sicily
I
Italy mainland

Slovenia
Western Greece

30
30
30
30

Locality

Haplotypes

Laguna de Manjavacas
A1,A2
Valverde
A1
Valverde
A1
Valverde
B1
Gulf Almeria Almerimar, Lago Victoria
B1,E1
Roquetas de Mar
B1,E1
Roquetas de Mar
C1
Alicante
Santa Pola (opposite Torre de Tamarit) C1
Santa Pola (opposite Torre de Tamarit) B1,C1,C2,C4
Santa Pola (Torre de Tamarit)
C1
Gulf Valencia Albufera of Valencia NP,
Lago de El Saler
B1
Marjal dels Moros, Puçol
B1
Prat de Cabanes, Torreblanca NP D1
Ebro delta
Illa de Buda
C1,C2
Costa Brava
L’Estartit, els Griells
C1
L’Estartit, els Griells
C1
Empuriabrava,
Aiguamolls del Ampurdà
C1
Gulf Lion
Between Carnon and
La Grande Motte
C1,C2,C3
Rhone delta
Camargue, Trou de l’oie
B1,C1,C2,C3
Camargue, Le Capouillet
B1,C1,C2,C3
Camargue, La Pallisade
D1
W. Sardinia
Oristano, Santa Giusta
B1,B3,C1
Oristano, Stagno IStai
B1,B3,C1
S. Sardinia
Cagliari, western lagoons in salinas B1,C1
Chia, Monte Cogoni
B1,B2,C1
Su Giudeu
B1,B2,C1,E3
Porto Corallo lagoon
B2
W. Sicily
Saline Trapani
B2
Saline Trapani
B1
Saline Trapani
B1
Tyrenic sea
Castiglione della Pescaia
B2
Castiglione della Pescaia, Badiola C1
Orbetello lagoon
C1
Circeo, Borgo Grappa
B1,B2
Circeo, Foglianu
B1
Adriatic sea
Grado, Valle Cavanata
B1,B2
Valle di Comacchia
B1,B2,C1
Portoroz, Secovlje Salina
B1
Portoroz, Secovlje Salina
B1
Piran, Strunjan salina
B1
Ionian sea
Arta, Logarou
B1
Arta, Logarou
B1
Arta, Logarou, Koronissiu
B1
Arta Logarou, Tsoukalio lagoon B1,E2
Messolonghi lagoon
B1
Messolonghi lagoon
B1
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Table 1. (continued)
Country/Region

Pop.
code

N

Area/sea

Locality

Haplotypes

Peleponesos

GR3A
GR3B
GR4A
GR4B
GR5
GR6A
GR6B
GR6C

30
30
30
30
1
15
15
6

Ionian sea

Ilia, Lake Kotychi
Ilia, Laka Kotychi
Achaia, Lake Prokopos
Achaia, Lake Prokopos
Aigio, Aliki lagoon
Evros, Monolimni
Evros, Monolimni
Evros, Drana

B1
B1
B1
B1
B2
B1
B1
B1,B2

Eastern Greece

Aegean sea

DNA extraction, amplification and sequencing
Genomic DNA extractions were performed on dry material stored in silica gel (1520 mg) using the E.Z.N.A. SP Plant DNA Mini Kit (Omega bio-tek). Three cpSSR
primer pairs (Ccmp 2, Ccmp3 and Ccmp 10) derived from the complete sequence
of tobacco (Nicotiana tabacum) chloroplast genome were used (Weising & Gardner,
1999) together with 6 primer pairs derived from the Acorus calamus chloroplast
genome (Goremykin et al. 2005). The PCR amplification was carried out in 25 µL of
reaction mixture containing 0.1 µL of genomic DNA, 2.5 µL 10x PCR buffer, 0.2 mM
of each dNTP, 1.6 mM MgCl2, 200 nM of the forward and reverse primer, 80 µg mL1 bovine serum albumin (BSA) and 1 U Taq DNA polymerase. The PCR reactions
were performed in a thermal cycler (MJ research PTC- 200 and Bio-Rad MyCycler)
and started with 2 min at 94°C, followed by 30 cycles of 45s at 92°C, 1 min at 50°C
for the reactions with ccmp-primers and 1 min at 55°C for the reactions with
Acorus-primers, 2 min at 72°C, and a final extension at 72°C for 5 minutes. The
amplification products were separated on 5% non-denaturing polyacrylamide gels
(acryl-bisacrylamide 19:1, 7mM urea) with ethidium-bromide detection (Gel Scan
2000, Corbett research) and visualized with One-Dscan software (Scanalytics).
Amplicon length was estimated using the GeneRuler 50 bp DNA ladder (Fermentas). Amplicon sequencing (in both forward and reverse direction) was performed
by Macrogen Inc. (Seoul, South Korea).
Data treatment
UPGMA cluster and correspondence analysis were performed on the haplotype
diversity to group the different haplotypes and to group the geographic regions (seas,
coastlines or islands) using NTSYS software.
RESULTS
A total of thirteen haplotypes were detected in the 35 wetland areas (Table 1). A cluster analysis (Fig. 1) and correspondence analysis (not shown) revealed five groups
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of chloroplast haplotypes (named A, B, C, D, E) that distinguished the following taxa:
R. drepanensis (haplotypes A1 and A2), R. maritima (haplotype D1) and a diverse
complex (haplotypes B1, B2, B3, C1, C2, C3, C4, E1, E2, E3) that corresponded morphologically to R. cirrhosa s.l. and R. maritima-like populations. Haplotype D1 (R.
maritima, including the varieties maritima and brevirostris) was highly diverged
from all other haplotypes with up to 18 substitutions, mononucleotide repeats and
insertions-deletions over a more than 1700 bp long cpDNA sequence. The difference between the other haplotype groups A, B, C and E were much smaller, i.e. a few
substitutions, a microsatellite repeat and an insertion-deletion.
Fig. 1 - Cluster of 13 cpDNA haplotypes observed in Mediterranean Ruppia.

Fig. 3 – Relative abundance of 13 Ruppia haplotypes in Mediterranean regions.
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Fig. 2 – Cluster of the Mediterranean regions based on Ruppia cpDNA frequencies.

Fig. 4 - Distribution of cpDNA haplotypes of Ruppia populations (black encircled) and
Ruppia herbarium specimens (white encircled).

From the 35 wetland areas, 19 showed more than one haplotype (Table 1). Within a
wetland area, different haplotypes may occur in separate waterbodies (e.g. R. drepanensis and R. cirrhosa in Donana; R. maritima and R. cirrhosa in Camargue) but most
were present as mixtures within the same pond or lagoon: B1 and E1 in southernmost Iberian lagoons of Almerimar-Roquetas de Mar; C1 and C2 in the Ebro delta;
B1, C1, C3 and C4 in salinas near St. Pola; B1, C1, C2, C3 in the Camargue (La Pallisade);
C1, C2, C3 in Carnon (southern France); B1, B2 in the northern Adriatic (Valle Cavana143
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ta, Valle di Comacchia), Tyrenic coasts (Circeo, Castiglione della Pescaia), Sicily (Trapani), Ionic sea (Arta, Logarou) and Aegean sea (Evros delta). In Sardinia the largest
diversity of haplotype mixtures was observed: B1, B2, C1, E3 in the southern part of
the island and B1, B3 and C1 in the western part (Oristano, Stagno Istai). These mixtures of two to four haplotypes occurred within a transect distance of only 10 to 30
meters, indicating that diversity can be maintained locally. Seven wetland regions
harboured unique haplotypes within the studied zone, i.e. A2 for R. drepanensis in
central Spain, E1 in Almerimar-Roquetas de Mar (which is situated south of Sierra
Nevada); C4 in salinas near St. Pola; C3 in southern France (Camargue, Carnon); B3
in western Sardinia (Oristano, Stagno Istai); E3 in southern Sardinia (Su Giudeu)
and E2 in western Greece (Arta, Logarou). It was difficult to assign the B, C and E
haplotypes to either R. cirrhosa or another taxon because of several non-fruiting populations and intermediate characteristics of the peduncle showing one or more coils.
These three groups are putatively named R. cirrhosa (B) R. spiralis (C) and a South
Mediterranean unit (E). On a regional scale a clear gradient was revealed from the
western to the eastern part of the Mediterranean Sea (Fig. 3) with a larger diversity
in the western basin and an increasing abundance of haplotype B1 towards the eastern basin. A cluster (Fig. 2) and ordination (not shown) of the haplotype frequencies of each region, coastline or island, further demonstrated a west-east gradient
with Sardinia, Sicily and the Tyrenic coasts at the cleavage and Sardinia as an intermediate due to higher diversity mixing between east and west (Fig. 4). From the distribution map with all haplotypes obtained from the 35 wetland areas (European
part) and the additional 22 herbarium specimens (mostly from northern Africa and
Middle East), a basic pattern with a west-east gradient became apparent, showing
putative hot spots of Ruppia diversity on the Iberian peninsula, in coastal wetlands
of the Gulf of Leon (W, NW part of Mediterranean) and western Sardinia, including
several unique haplotypes. Ruppia specimens of southern Mediterranean wetlands,
from salinas in the Alboran Sea across northern Africa towards the Middle East and
Cyprus, contained a unique haplotype. Additionally, the Nile delta could be hypothesized as a different hot spot of Ruppia in the eastern basin.
DISCUSSION
Though the genus Ruppia is studied all over the world, there are different interpretations of its species diversity. For conservation purposes at a European level, the widespread R. maritima and R. cirrhosa are recognized (Dandy, 1980; Casper and Krausch,
1980) and hence not considered as rare taxa, vulnerable or threatened at a regional
level. However, additional taxa such as R. drepanensis (R. cirrhosa var. drepanensis),
R. maritima var. brevirostris (Agardh) Aschers. et Graebn. and R. maritima var.
longipes Hagström have been contemplated by many authors but there are no clear
diagnostic features in their morphology and karyotype (Triest and Symoens, 1991).
144

International Conference on Mediterranean Temporary Ponds

Our results indicate that for two species there is indeed a much larger genetic variability at cpDNA level. Ruppia maritima is evolutionarily very distant from all other
Ruppia haplotypes or taxa from the Mediterranean. In southern Europe two
cytodemes of Ruppia are found. The diploid 2x=20 was recorded in R. maritima populations in north western Spain (Aedo and Fernandez Casado, 1988) and Sicily (Marchioni Ortu, 1982) and in R. drepanensis in Central Spain (Cirujano, 1986). The
tetraploid 2x=40 was recorded in R. maritima from Central Spain (Cirujano, 1986)
and R. maritima var. longipes from south western Spain (Van Vierssen et al., 1981).
These chromosome counts should be re-evaluated in the context of the cpDNA haplotypic variation because the morphological distinction of either R. maritima or R.
cirrhosa could be problematic. Although a worldwide evaluation of the genus is
needed before taxonomic questions can be answered, our work emphasized that the
European Ruppia is a good starting point for examining genetic diversity at local,
regional and continental levels for conservation purposes. It is evident that more than
two Ruppia taxa should be considered for the interpretation of ecological studies in
the Mediterranean.
Our results with cpDNA confirmed the identity of R. maritima but additionally
revealed a high diversity of haplotypes in a ‘R. cirrhosa-complex’ in the Mediterranean. Thirteen haplotypes were observed instead of an expected three (R. maritima, R. cirrhosa and R. drepanensis) on the basis of previous isozyme studies (Triest
and Symoens, 1991). This finding, together with the appearance of a regional pattern (e.g. haplotype B2 only in eastern basin, Sicily and Sardinia) and rare or local
haplotypes (e.g. in southern Spain, Camargue, western Sardinia, southern Sardinia)
enhances the conservation value of Ruppia-dominated ponds and lagoons.
The cpDNA reflects the dispersal and spread through seeds and rhizomes which
for Ruppia can be considered as more important than pollen-mediated gene dispersal. Ruppia species have a mixed reproduction system and can reproduce by seeds
and persist through rhizomes. The pollen flow will mostly be restricted to a single
waterbody as mature pollen grains are detached from the plants and float on the
water surface. The female flower parts are situated on a peduncle and stigmas reach
the water surface such that pollination depends on water movements through wind
and wave action (Triest and Symoens, 1991).
The previously held traditional idea that there are only two widespread Ruppia
species suggests a uniform and very homogenized population structure across the
continent and evidence of long-distance-dispersal in other water plants (Santamaria,
2002). This would also imply strong bird-mediated dispersal activity, but the present
results tend to minimize such an overall effect. This is because the morphospecies of
Ruppia do not exactly correspond with the haplotypes that are much better representing the evolutionary significant units. At least for what we considered here as a
‘Ruppia cirrhosa complex’ there seems not to be an overall broad distribution of each
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haplotype. Therefore, we put forward the hypothesis that historical sea currents during and after the last glaciation period shaped the basic distribution pattern of Ruppia populations in the western and eastern Mediterranean basin. Although Ruppia is
not a true seagrass, its dispersal through detached and floating rhizome fragments
can be mediated by sea currents at those sites where lagoons and ponds were spatially
and temporary in close contact with the sea. River deltas and shallow coastal marshes without protecting dike constructions could allow for such dispersal routes by
water. The biogeography of a related seagrass Posidonia oceanica also showed a strong
east-west cleavage with propagule dispersal through sea currents as the only vector
(Arnaud-Haond et al., 2007). This could also be the situation for Ruppia haplotypes
that do not set seeds very frequently (e.g. many R. cirrhosa populations). Nevertheless, the Ruppia haplotypes A (R. drepanensis) and D (R. maritima) annually produce
numerous amounts of fruits, such that bird-mediated dispersal towards local coastal
sites and remote inland sites should be considered as the determining factor.
CONCLUSION
This study of Ruppia populations of the Mediterranean clearly showed that there is
more chloroplast DNA variability at the level of species than could be expected from
a traditional opinion of only two widespread taxa (R. maritima and R. cirrhosa) and
a more restricted R. drepanensis. Thirteen haplotypes represented at least five distinct groups or taxa. Several wetland areas contained more than one haplotype and
within-pond diversity was shown at small distances. Single waterbodies therefore
may harbour substantial haplotypic diversity in Ruppia. Higher diversity and more
unique haplotypes were observed in the western Mediterranean and R. maritima was
detected only from two pond populations suggesting the species might be more rare
in the Mediterranean than previously accepted. This emphasizes the role of regional pond habitat diversity for the preservation of Ruppia taxa and their unique haplotype diversity in extreme saline environments.
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STRUCTURE OF INVERTEBRATE ASSEMBLAGES:
CONTRIBUTION TO THE ECOLOGICAL FUNCTIONING OF THE
MEDITERRANEAN TEMPORARY PONDS
Boix, D.(1), Sala, J., Gascón, S., Ruhí, A. and Quintana, X.D.
Abstract
Several ecological characteristics have been attributed to faunal communities of
temporary ponds. The existence of successional phases, the substitution of the
main feeding functional groups along the hydroperiod, the poor role of predators,
the hydroperiod length as a key factor, and the environmental constraint that represents the dry phase for the fauna are some of them. Although temporary ponds
are very important in arid and semiarid areas, such as the Mediterranean ones,
the source of the knowledge on its ecology -the paradigm- is biased by studies developed in cold temperate areas. We analyzed the validity of the current accepted
characteristics of the ecology of temporary ponds, especially in the case of the
Mediterranean ones. Some patterns observed in the Mediterranean ponds were
in agreement with the paradigm (e.g., the existence of successional phases), while
others did not (e.g., the sequence of the dominant feeding groups along the hydroperiod). Moreover, some characteristics are commonly explained by simple
and schematic conceptual models, but should include more aspects in order to
obtain a more valid ecological interpretation. Some examples of this could be: (1)
the validity of the predator increase along the hydroperiod depends on the biological traits of the main predator species; and (2) the relationship between the
increase of arrivals of aerial colonizers and the hydroperiod length needs to take
into account the seasonality. On the other hand, differences in species richness
between temporary and permanent waters are under discussion, even within the
Mediterranean area, since contradictory results have been obtained, although different species compositions have been found. Finally, we compared the faunal
communities of mainland and island temporary ponds, since this analysis is poorly
developed in the Mediterranean area. Mainland and island temporary ponds did
not differ significantly on macroinvertebrate species richness. Moreover, in both
studied islands -Sardinia and Minorca- an increase of species richness along the
hydroperiod was observed.
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INTRODUCTION
Mediterranean ecosystems have a combination of environmental characteristics
that make them singular in the framework of temperate latitude environments.
Thus, in terrestrial (e.g. Wessel et al., 2004; Peñuelas et al., 2007) and in marine
ecosystems (e.g. Ballesteros, 1991; Coma et al., 2000), the structure and dynamics
of the Mediterranean communities show differences with respect to other temperate ecosystems, which can be explained by drought, in terrestrial ones (Llorens
et al., 2004), and by the seasonality and the hydrodynamics, in the marine ones
(Zabala and Ballesteros, 1989). In Mediterranean continental aquatic ecosystems,
several differences in their ecological processes have been reported recently compared with the contemporary limnological paradigm, due to the fact that limnological studies have been mainly developed in colder temperate aquatic systems
(Álvarez-Cobelas et al., 2005; Beklioglu et al., 2007). Characteristics such as the
small size of the water bodies, lower balance of precipitation-evaporation, and the
high intra- and interannual variability (Boix et al., 2001b; Gascón et al., 2008) could
explain some differences with the ecological process described for the cold temperate continental ecosystems, which were used as a general model (e.g. Carpenter, 1988; Scheffer et al., 1993; Scheffer, 1998; Håkanson and Boulion, 2002;
Belgrano et al., 2005). For example, the lower balance between precipitation and
evaporation in the Mediterranean area than in cold temperate areas could imply
shorter hydroperiod lengths and more frequent dry periods of the ponds. These
differences are expected to affect highly the aquatic communities since the duration of the aquatic phase and, specifically the complete drought of the ponds, have
been considered the main factors controlling the aquatic communities (Collinson
et al., 1995; Wellborn et al., 1996; Boix et al., 2008). Therefore, five topics dealing
with successional phases, functional ecological groups along succession, the role of
predators, water permanence and insularity effects will be discussed on this paper.
A) SUCCESSIONAL PHASES
Community structure can be studied on the basis of taxonomic composition or the
size structure of the community. The study of temporal changes in community
structure based on organism size is complementary, rather than redundant, to a
taxonomic approach (Strayer, 1991; Rodríguez and Magnan, 1993). Succession
analyses based on a taxonomic approach show clearer the temporal changes of the
community related to different life-history strategies of the organisms, such as dispersion or resistance to drought (Kenk, 1949; Wiggins et al., 1980). On the other
hand, succession analyses based on organism size show more clearly the tempo152
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ral changes of the community related to trophic structure, because of changes in
trophic roles that occur during ontogeny (Jennings et al., 2002; Brucet et al., 2006).
Each approach emphasizes different ecological characteristics of the organisms
and, therefore, it is necessary to use both approaches to obtain a consistent conceptual model of succession in temporary ponds. However, none of the succession models for temporary ponds are based on size structure.
B) FUNCTIONAL ECOLOGICAL GROUPS ALONG SUCCESSION
In cold temperate temporary ponds, a temporal pattern of the community structure in terms of functional feeding groups has been described. This pattern could
be summarized in an initial dominance of filtering collectors, gathering collectors
and shredders, and a predator increase along the hydroperiod (Wiggins et al., 1980;
Williams, 1983). Several factors have been proposed in order to explain this pattern in temperate systems. Two of the most accepted ones are a change of the type
of the available resource (Wiggins et al., 1980), and the existence of a relationship
between functional feeding groups and life-history strategies groups (Boulton and
Lake, 1992; Higgins and Merrit, 1999). In this sense, predator species could be associated with life-history strategies that can not persist in the temporary pond
during the dry phase. Moreover, relationship between predation pressure and hydroperiod length has been also proposed (Schneider and Frost, 1996; Wellborn et
al., 1996): in temporary ponds, predation can not control the abundance and the
composition of the communities, while in semipermanent and permanent ones
predation acts as a structuring factor. All this knowledge is mainly focused on
temperate ecosystems, but is it also valid for Mediterranean ones?
C) THE ROLE OF PREDATORS: Triops cancriformis as example
Several myths have been attributed to the temporary ponds and pools such as that
their faunas are constrained due to the drying-out (Biggs et al., 1994; Williams,
1996). Similarly, they were considered refuges where fauna was protected from
predation (Kerfoot and Lynch, 1987; Wellborn et al., 1996). Although it is true
that predation plays a different role in permanent and temporary waters (Zimmer
et al., 2001; Brucet et al., 2005), mainly due to the presence/absence of fish, predation can also determine the community composition and structure in temporary
waters (e.g. Blaustein, 1990; Blaustein et al., 1995; Brendonck et al., 2002). In accordance, temporary ponds with short hydroperiods do not always exhibit low
predatory pressure, because some predator taxa have high dispersal capacities (e.g.
Notonecta; Blaustein et al., 1995), or resting stadia to overcome the dry phase (e.g.
Mesostoma or Agabus; Wiggins et al., 1980; Blaustein, 1990). The latter is also the
case of Triops, whose populations could reach high densities (MacKay et al., 1990;
Boix et al., 2002). However, the predation nature of Triops cancriformis is still partly
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controversial (Dumont and Negrea, 2002), and as a consequence, it is still not clear
the effects of a predator perfectly adapted to temporary systems, such as Triops, on
the structure and composition of the community.
D) PERMANENT versus TEMPORARY PONDS
Water permanence is one of the main environmental factors that should be taken
into account when classifying Mediterranean water bodies by means of water
and/or substrate characteristics, fauna and flora (Britton and Podlejski, 1981;
Alonso, 1998; Trobajo et al., 2002; Boix et al., 2005b). Nevertheless, contradictory
results were obtained about the relationship between water permanence and
species richness in studies developed in the Mediterranean area. For example, temporary ponds showed higher species richness of planktonic crustaceans (Galindo
et al., 1994), but lower species richness of benthonic macroinvertebrates (Della
Bella et al., 2005). Furthermore, temporary sites with an intermediate hydroperiod length had higher species richness of planktonic crustaceans such as copepods
and cladocerans than more temporary and permanent ones (Frisch et al., 2006).
Because many of the studies dealing on trends of species richness along hydroperiod lengths are focussed in particular faunistic groups (macroinvertebrate or microcrustaceans, separately), it is difficult to know which is the overall effect,
considering both types of organisms, with faster and slower turnovers.
E) INSULARITY: MAINLAND versus ISLAND TEMPORARY PONDS
Finally, within the studies dealing on Mediterranean temporary ponds, faunal
composition and species richness of those ecosystems located in islands have received less attention than those in mainland. For example, studies on macroinvertebrate communities of temporary ponds are known in the north (e.g. Terzian,
1979; Bazzanti et al., 1996; Boix et al., 2001a) and in the south (e.g. Boutin et al.,
1982; Metge, 1986) of the Mediterranean mainland, while few studies have been
developed in temporary ponds of islands (Culioli et al., 2006). This does not imply
a poorer faunal knowledge of temporary ponds in Mediterranean islands, since
there is a high number of studies on aquatic fauna from the islands (e.g. Margalef, 1952; Margaritora et al., 1975; Champeau and Thiéry, 1990; Pretus, 1993; Valladares and García-Alivés, 1999). However, these studies include fauna from both
temporary and permanent ponds. Moreover, studies focused on temporary ponds
in Mediterranean islands only take into account one or a few taxonomic groups
(e.g. Yaron, 1964; Stella et al., 1972; Lanfranco et al., 1991). Thus, data on species
richness for aquatic faunal communities of temporary ponds is poorly known, and
the comparison with species richness of mainland temporary ponds has only been
done taking into account specific groups (e.g. Ribera et al., 2003). Moreover, some
patterns described in mainland temporary ponds, such as the temporal pattern of
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species richness, need to be evaluated in island temporary ponds.
MATERIAL AND METHODS
Study sites
All study sites are located in the Western Mediterranean area, and they are situated
in Catalonia (NE Iberian Peninsula), Minorca (Balearic Islands) and Sardinia
(Italy). The three first subsections (Successional phases; Functional ecological
groups along succession; The role of predators) use data from studies performed
in Espolla pond (Boix et al., 2001a; Boix et al., 2004; Boix et al., 2006), whereas the
data for the comparison of fauna between permanent and temporary ponds come
from studies carried out in Catalonia (Boix et al., 2008). The data used in the last
subsection of the paper, the comparison between island and mainland pond
species richness, is a selection of temporary ponds from Catalonia sampled in the
framework of water quality assessment projects (Boix et al., 2008 and data not
published) and a faunal study (Boix et al., 2005a), from Sardinia (data not published) and from Minorca (sampled in the framework of the European project
“LIFE Basses”; data not published).
A) SUCCESSIONAL PHASES
Espolla Pond is a karstic temporary pond located in the Banyoles area in the northeast of Catalonia (lat 42º9’0’’ N, long 2º46’0’’ E). The pond has a surface area of 3.1
ha and a mean depth of 1.3 m, although its maximum depth is 4.5 m. The inundation of the pond occurs at irregular intervals, and usually is the consequence of
heavy rainfall in an area 20 km north of the pond (Sanz, 1985). In some years the
pond floods twice, in autumn and spring, with hydroperiods separated by a period
of total desiccation. However, years with only one hydroperiod, in late autumn or
winter, or with no flooding at all, are not uncommon. The pond is mainly fed by
groundwater entering through springs situated inside the basin. When underground inflow is high, excess water leaves the pond via one superficial outflow.
When underground inflow ceases, water drains through the bottom springs. See
Boix et al. (2001a) for detailed information about the hydrology of the pond and
the taxonomic composition of the faunal community.
Sampling was carried out during the 6 hydroperiods (H) that occurred in 1996
and 1997 (Fig. 1). Two different hydroregimes can be distinguished: complete
flooding events in which most of the pond area was flooded (H1, H2, and H3)
and those in which only the lower parts of the basin were flooded (Ha, Hb, and
Hc). Sampling was conducted weekly except at the end of each hydroperiod when
frequency was increased. The pond was divided into 7 areas, and a 20 m transect
was carried out in each area using a modified Elster beam trawl (opening = 50×30
cm; mesh size = 250 μm). Samples were preserved in situ with 4% formalin. The
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number of individuals of each taxon in each of the 7 areas on a given day was estimated from density multiplied by the area that was flooded at the time of sampling. The total number of individuals in the pond was estimated as the sum of
abundances from each area on each sampling day. Biomass was estimated as dry
mass from length using existing equations.
The study of the successional changes in the community structure of Espolla
pond was done using the taxonomic composition and the size structure of the community. For the taxon-based approach, temporal changes in community structure
and composition were analyzed by means of Correspondence Analyses (CA), using
both numerical abundance and biomass. Pearson correlations and stepwise multiple regressions were used to interpret the dimensions of both CA solutions. For
the size-based approach, the biomass-size spectrum of the community, consisting
in the representation of the abundance (either the number of individuals or biomass) as a function of body size, was used to analyze temporal changes. This size
distribution may be adjusted to a linear or non-linear model, and changes in the
model parameters, such as the slope, are described as having ecological meaning.
Instead of using the more common normalised biomass-size spectrum (NB-SS),
Vidondo et al. (1997) proposed the use of the Pareto distribution, which is a probability density function and has the advantage of being a continuous function,
where individuals should not be classified in size classes. Model parameter c in the
Pareto distribution is interpreted as the slope of the spectrum, and is a nonbiased
estimator of the NB-SS slope in the Pareto Model I (Vidondo et al., 1997). For more
detailed information on the methods used in this study, see Boix et al. (2004).
B) FUNCTIONAL ECOLOGICAL GROUPS ALONG SUCCESSION
The study of the functional ecological groups was also carried out in Espolla pond
(see Subsection A for details on sampling procedure). Using the proposal of Cummins and Merritt (1996), we attributed each taxon to one Functional Feeding
Group (hereafter, FFG). Seven FFG were distinguished: macrophyte piercers, filtering collectors, gathering collectors, shredders, scrapers, micropredators and
predators. In some cases different stages (e.g. Berosus signaticollis larvae and adults)
were attributed to a different FFG. In the case of Triops cancriformis, individuals
with a central carapace length (CCL) larger than 10 mm were considered predators (Pont and Vaquer, 1986), while smaller individuals were considered filterers.
According to Wiggins et al. (1980), each taxon was assigned to a life-history
strategy group (hereafter, LHSG). Group 1, 2 and 3 include species that are dormant during the unfavourable season, but they differ in the dispersion capacity
and the moment of oviposition. Group 1 includes species with passive dispersal,
group 2 includes species with active dispersal, which need water for oviposition,
and group 3 includes species with active dispersal, which do not need water for
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Figure 1. Water level and turnover rate over the six consecutive hydroperiods at Espolla Pond
(1996-1997).

oviposition. Group 4 includes species that can not remain in the basin during the
unfavourable season.
C) THE ROLE OF PREDATORS: Triops cancriformis as example
As subsections A and B, the trophic role of Triops cancriformis was studied in Espolla pond. The diet study was carried out during H3 and the effect of three factors on the gut contents was analysed (size and sex of T. cancriformis, and sampling
day). Two categories of T. cancriformis sizes were created: small size (10-14 mm
CCL) and large size (14-18 mm CCL). Two sampling days were selected, corresponding to different community succession phases (middle and drying phases;
Boix et al., 2004). Ten individuals were selected in each category, (total 80 individuals). All animals in the gut content was counted and identified to species level.
For copepods, sex was determined in adult individuals. A full factorial ANOVA
test was performed in order to find out if the number of prey was different between sex (male versus female), size (small versus big), and sampling day (middle
versus drying phase). A chi-square test was used to compare the frequencies of
copepod males, females and copepodites in gut contents and in the pond. For
more detailed information in the methods used in this study, see Boix et al. (2006).
D) PERMANENT versus TEMPORARY PONDS
The comparison of the fauna between permanent and temporary ponds was carried out during 2003 in 91 water bodies located in Catalonia. All water bodies
were below 800 m a.s.l. and had a maximum depth of less than 6 m. The studied
water bodies were classified by means of conductivity and water permanence (Boix
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et al., 2005b) in permanent fresh waters (hereafter PFW; n = 35 water bodies), temporary fresh waters (TFW; n = 29 water bodies), permanent saline waters (PSW; n
= 19 water bodies), and temporary saline waters (TSW; n = 8 water bodies).
Invertebrates were sampled using a dip-net (diameter = 20 cm; mesh size =
250 μm). At each water body, a set of 20 sweeps was carried out per visit, covering all microhabitats visually detected in the littoral zone of the wetland. Samples
were preserved in 4% formalin. All crustaceans and insects (except dipterans) were
identified to species level.
To determine the faunal composition of the different water body types, we performed a Partial Correspondence Analyses (partial-CA), using the sampling period (winter or spring) as a covariable. Significant differences among water body
types in the first two partial-CA axes were performed by means of a Welch statistic. For the post hoc multiple comparisons analyses, Dunnett’s T3 test was used.
In order to compare the species richness among water body types, two approaches
were used. The first approach was performed estimating species richness using
rarefaction curves. Following Colwell et al. (2004), the criteria used to determine
if the results obtained with the rarefaction curves were significantly different
(P<0.05) was the absence of overlap among the 95% CI of the water body types.
The second approach was based on the species richness per visit in each water
body. Two-way analyses of variance (ANOVA) were used in order to study the effect of water temporality (permanent versus temporary water bodies) and salinity
(saline versus freshwater water bodies) on species richness per visit. For more detailed information on methods used in this study, see Boix et al. (2008).
E) MAINLAND versus ISLAND TEMPORARY PONDS
For the comparison between the fauna of temporary ponds from islands and mainland (Fig. 2), 16 ponds were sampled in the islands (6 in northern Sardinia and 10
in Minorca), and 17 ponds were sampled in Catalonia in 4 different areas (3 ponds
in Albera, 6 ponds in Gavarres, 5 ponds in Secans de Lleida and 3 ponds in Serra
de Cardó). Each area in Catalonia had different climatic characteristics: Secans de
Lleida is located in a continental and more arid area, whereas the rest are located
in lowlands near mountain ranges in southern (Serra de Cardó) and in northern
Catalonia (Albera and Gavarres). The origin and types of ponds were also different. For example, Albera ponds were similar to those sampled in Sardinia or Minorca, while the Gavarres or Serra de Cardó ponds were ancient artificial ponds
that are completely naturalized, but that are characterized by small sizes and very
steep slopes of the littoral.
The sampling procedure is the same that it has been described in subsection D.
In Sardinia and Minorca, organism sampling was carried out on three occasions
during the hydroperiod: (1) one month after the flooding (January); (2) in the
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middle of the hydroperiod (March); and (3) when the ponds were close to desiccation (May). Sardinian ponds where sampled in 2007, while Minorcan ponds
where sampled in 2008. All macroinvertebrates, identified to species level whenever it was possible, were included in the analyses.
Significant differences in species richness values observed among temporary
ponds were tested using Generalized Linear Models (GLM). Firstly, we performed
a model in order to compare the species richness among the six areas: two areas
located in islands (Sardinia and Minorca) and four areas located in mainland (Albera, Gavarres, Secans de Lleida and Serra de Cardó). Secondly, we performed a
model in order to study differences on succession phases (flooding, middle, drying) within island temporary ponds. For this comparison 6 Sardinian ponds and
6 Minorcan ponds were used. Both models were run using Poisson error distribution and log as link function. Post-hoc pairwise comparisons were performed
by means of Bonferroni test in both analyses. All analyses were performed using
SPSS 11.5.1 for Windows.
RESULTS AND DISCUSSION
A) SUCCESSIONAL PHASES
Three-phase community succession (taxon-based)
Community structure changes in temporary ponds as hydroperiods progress. A
successional pattern with 3 phases (flooding, middle, and drying) appears to be
characteristic (Kenk, 1949; Barclay, 1966; Lake et al., 1989; Bazzanti et al., 1996).
Figure 2. Sampling sites for the insularity study. Black dots correspond to a sampling area, and
each includes several temporary ponds. Legend: 1. Sardinia. 2. Minorca. 3. Albera. 4. Gavarres. 5. Secans de Lleida. 6. Serra de Cardó.
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During very short hydroperiods, these 3 phases may not be observed because of the
short duration of flooding and the small flooded surface areas, which limit individual
and population growth and restrict the presence of some species (Boix et al., 2001a).
Different faunal compositions at the beginning and end of hydroperiods have
been described for many aquatic temporary environments (Rzóska, 1961; Sublette
& Sublette, 1967; Terzian, 1979; Williams, 1983; Boulton and Lake, 1992; Meintjes, 1996; Uys and O’Keeffe, 1997; Lahr et al., 1999). Similarly in Espolla Pond different invertebrate assemblages could be differentiated at the initial and final of
hydroperiods. Thus, Epidalea calamita, Heterocypris incongruens, and Eucypris
virens are pioneer species, whereas Daphnia pulicaria, Moina brachiata, Cyclops
sp. and Pelobates cultripes are species characteristic of the final part of the hydroperiod (Fig. 3). Moreover, the drying phase is characterized by a low hydrological activity (Fig. 1), which favours different planktonic species, depending of
the season (Cyclops sp. in winter and Moina brachiata in spring). The community
structures observed in Espolla Pond during the flooding and drying phases correspond to the cold-water and spring stages proposed by Kenk (1949) or autumnwinter and drying stages proposed by Barclay (1966), using a taxon-based
approach. In other studies, distinct succession phases were distinguished using
multivariate analysis (filling and shrinking phases; Lake et al., 1989; Bazzanti et al.,
1996). The pioneer works of Kenk (1949) and Barclay (1966) explained these
phases in terms of seasonal variability because the flooding and the drying in their
systems coincided every year with the same season. However, in Espolla Pond,
both flooding and drying phases were observed in hydroperiods that occurred in
different seasons. Thus, these phases can be considered season-independent and
characteristic of the animal communities of temporary waters.
The community dynamics of flooding and drying phases correspond to an allogenic succession, i.e., mainly a result of environmental processes. During flooding, aquatic habitat with trophic resources becomes available, and competition
and predation are low. During drying, environmental parameters change (e.g.,
temperature increases and dissolved oxygen fluctuates), and higher density of
fauna leads to greater competition and predation. In contrast, the succession observed between these 2 phases is autogenic, i.e., mainly a result of biological
processes (Lake et al., 1989). Multivariate analysis and succession rates showed
that the Espolla Pond community undergoes more important changes during allogenic periods (flooding and drying) than during the autogenic one. The autogenic period corresponds to just 1 phase in Kenk (1949), Barclay (1966), Lake et
al. (1989) and Bazzanti et al. (1996), and is called middle phase by Lake et al.
(1989). Triops cancriformis, Simocephalus vetulus, Megacyclops viridis, Fossaria
truncatula and Pelodytes punctatus are species characteristic of the central part of
the hydroperiod in Espolla pond. The occurrence of identifiable biotic community
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phases and their duration depends on total hydroperiod length: as the hydroperiod decreases, some phases become shorter or may even be missing.
For instance, H3 showed all 3 phases (flooding-allogenic, middle-autogenic and
drying-allogenic), while H2 (shorter than H1 and H3) displayed a succession charFigure 3. Correspondence Analysis: ordination of the sampling days (figures indicate the number of days after flooding) with respect to dimension 1 and 2 from taxa numerical abundance
(A) and biomass (B). The species with high inertia are also represented. Buca = Bufo calamita
(=Epidalea calamita); Cysp = Cyclops sp.; Dapu = Daphnia pulicaria; Dipi = Discoglossus pictus; Euvi = Eucypris virens; Fotr = Fossaria truncatula; Hein = Heterocypris incongruens; Hyme
= Hyla meridionalis; Mevi = Megacyclops viridis; Mobr = Moina brachiata; Pecu = Pelobates
cultripes; Pepu = Pelodytes punctatus; Sive = Simocephalus vetulus; Trca = Triops cancriformis.
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acterized by the extreme reduction of the autogenic phase. In the case of incomplete hydroperiods, Hc presented a reduced autogenic phase and did not present
the drying-allogenic phase, while the shortest hydroperiods, Ha and Hb, showed
only the flooding-allogenic phase. Thus, the occurrence of identifiable biotic community phases and their duration depends on total hydroperiod length: as the hydroperiod decreases, some phases become shorter or may even be missing.
Faunal succession according biomass-size spectra
Five successional phases were identified (Fig. 4) on the basis of the peaks showed
by the biomass-size spectra. These successional phases corresponded with changes
in the hydrological variables and with changes in the values of c in the Pareto
model. In one hand, the water turnover rate was high in phases I, II and III, and
dropped sharply in phases IV and V (Fig. 1). On the other hand, the slopes of the
biomass-size spectra became smoother as the hydroperiods progressed, i.e., the
values of c in Pareto Model I diminished with time during hydroperiods (Fig. 5).
In general, variation in c was stepped, and each step corresponded to a change in
phase (Fig. 5). A reduction in c and the implicit flattening of the slope of the biomass-size spectrum of the faunal community appears to be consistent with a successional structuring process, similar to that observed in the plankton community
of Lake Konstanz during the spring succession (Gaedke, 1992; Vidondo, 1996).
Low c values have been linked previously with eutrophy in stable systems (Sprules
et al., 1988; Ahrens and Peters, 1991; Tittel et al., 1998), and low-frequency nutrient pulses in fluctuating systems (Quintana et al., 2002). In Espolla Pond, the drop
in c reflected the relative increase in biomass of the larger size classes in response
to 2 processes: 1) decreases in microcrustacean biomass caused by a declining
population size, and 2) increases in macrofaunal biomass caused by colonization,
population growth, and growth of individuals. Thus, the decrease in c during the
hydroperiod reflected the sequential development of the community from smaller
sizes to larger.
The taxon-based approach to characterize community succession agrees with
the 3 phases of succession described in several previous works. However, 5 phases
of succession could be distinguished when patterns of change in the biomass-size
spectrum were examined. In Phase I neither microcrustaceans nor macrofauna
clearly predominated. In Phase II the shape of the biomass-size spectrum depended on the season. Microcrustacean size classes dominated community biomass in winter hydroperiods, while the macrofauna dominated community
biomass in spring-summer hydroperiods. Phases III, IV, and V were characterized by the gradual dominance of macrofauna size classes, and a decrease of the
microcrustacean dominance along the hydroperiod (from phase III to V). The 1st
and last phases corresponded to the flooding and drying phases identified using
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Figure 4. Typical biomass-size spectra for each phase of the hydroperiods studied. On the righthand side of the figure, the approximated phase duration for each hydroperiod (H) can be
observed. DM = dry mass.

Phase

Biomass—size spectrum

Approx. phase
duration
(d)

6
5
4
3
2
1
0

I

H1: ņ
H2: 10
Ha: 10
H3: 20
Hb: 3
Hc: 10

50

II

H1: 20
H2: 20
Ha: ņ
H3: 20
Hb: ņ
Hc: 10

40
30

III

IV

V

Biomass (g DM×105)

20
10
0
30

H1: 35
H2: ņ
Ha: ņ
H3: 30
Hb: ņ
Hc: ņ

20
10
0
60
50
40
30
20
10
0
80

H1: 15
H2: ņ
Ha: ņ
H3: 10
Hb: ņ
Hc: ņ
= Microcrustacean biomass
= Macrofaunal biomass

60

H1: 25
H2: 10
Ha: ņ
H3: 10
Hb: ņ
Hc: ņ

40
20
0
-12

-8

-4

0

4

log2[s] (body size class)
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the taxon-based model. However, the middle phase identified using the taxonbased model was further divided into 3 different phases on the basis of the size
model. Observed changes in the middle phase are, therefore, more related to the
size-structure of the community than to taxonomic composition. As in the 3-phase
model, the occurrence of the phases depends on the duration of the hydroperiod.
When hydroperiods are short, phases are missed in the order: III, IV, V, and II.
Moreover, the duration of each phase varies among hydroperiods (Fig. 4) and
Figure 5. Development of parameter c (slope) from Pareto Model I over time.
1.2

H2

Ha

H3

Hb Hc

0.8
0.6
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0
3
0
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I
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V
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I
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0
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0
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V

100
0

IV

60

III

40

II

0

0.0

20

c of Pareto Model I

H1
1.0

Days after flooding

seems to be related to particular hydrological and environmental conditions.
Phase I corresponds to the flooding phase and was characterized by low biomass and no predominance of either microcrustaceans or macrofauna. During
phases II, III and IV, the biomass of the individuals belonging to large size classes
increases, along with the increase of predator density (Boix, 2000) and the accumulation of individuals in few size classes. The increase of biomass in large size
classes and the increase of predator density indicate that the effect of predation
was increased because large body sizes are related to high trophic levels in benthic
communities (Jennings et al., 2002). The accumulation of individuals in few size
classes could be related to an increase of the effect of competition because most of
the individuals belonged to few species and they had similar sizes. All these aspects
imply that population abundances are modulated by competitive and predatory interactions. Other studies have shown that the effects of competition and predation
increase with the duration of the hydroperiod (Schneider and Frost, 1996; Wellborn et al., 1996; Moorhead et al., 1998; Higgins and Merrit, 1999; Lahr et al.,
1999). Thus, succession becomes autogenic following the flooding phase, similar
to other succession studies in temporary ponds (Lake et al., 1989). During phase
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V, changes in the community are caused by the drying of the pond, which concentrates predators. Individuals belonging to small size classes are subject to increasing predatory pressure and, in spite of concentration, their abundance is
drastically reduced. Studies of marine zoobenthic communities have highlighted
how community structure responds synergistically to the combined effects of predation and disturbance (Bonsdorff et al., 1995). In the last stages of drying, community changes are attributable to the reduction in flooded area and the loss of
habitat, in a process of allogenic succession.
B) FUNCTIONAL ECOLOGICAL GROUPS ALONG SUCCESSION
In Espolla pond, differences in the dominant functional ecological group (either
FFG or LHSG) related to hydroperiod length has been observed. Thus, in long
and medium hydroperiods predators were the FFG best represented, while in short
hydroperiods collectors (filterers or gatherers) were the best represented groups
(Fig. 6). In the case of LHSG, LHSG 4 is the best represented in long hydroperiods, followed by LHSG 1, 2, and 3. In medium hydroperiods, LHSG 2 increased
its proportion, while in short hydroperiods, LHSG 1 became the best represented
group (Fig. 7). However, the described temporal pattern for temporary ponds in
cold temperate areas (Wiggins et al., 1980; Williams, 1983) was not validated.
Moreover, differences can be observed between the temporal pattern of the proportion of predators, according to the number of species and to biomass. Thus,
while the proportion of predator species is highest at the end of the hydroperiod,
predator biomass is highest in the middle (Fig. 8). This may be explained by the
biology of the groups which mainly account for the maxima in predator-species
proportions (heteropterans; LHSG 4), compared to those which are mainly responsible for the maxima in predator-biomass proportions (T. cancriformis and
Agabus spp.; LHSG 1 and 2 respectively) (Fig. 9). Increases in predator percentages
along the hydroperiod have also been observed in other temporary (Lake et al.,
1989) and semi-permanent habitats (Closs and Lake, 1994). Moreover, Schneider
and Frost (1996) described the increase in predator numbers that occurred alongside an increase in water permanence of an aquatic temporary system.
It is assumed that hydroperiod length or pond size determines the number of
predator species or its proportion (Schneider and Frost, 1996; Spencer et al., 1999),
but other aspects have to be taken into account such as the season in which the
flood occurs (Jeffries, 2002). The dispersion and the colonization of temporary
habitats by predators of group 4, mainly aerial colonizers, are strongly determined
by season characteristics such as air and water conditions or life cycles (Landin and
Stark, 1973; Landin, 1976; Nilsson, 1986; Wissinger, 1997; Velasco and Millán,
1998; Wilcox, 2001). As a consequence, the ecological role of these species is more
important in spring and summer. The scientific literature on temporary aquatic
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environments has been developed mainly in systems that fill or keep water during
spring (e.g. Williams, 1983; Lake et al., 1989; Bazzanti et al., 1996; Moorhead et al.,
1998; Lahr et al., 1999). In these environments in which the predator guild is dominated by species of group 4, the arrival of predators at the temporary pond is related to the hydroperiod length. But in those environments where the predators of
Figure 6. Percentages of the FFG in each studied hydroperiod (daf = days after flooding)
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Figure 7. Percentages of the LHSG in each studied hydroperiod (daf = days after flooding)

group 4 have less presence (for example, if the flood occurs in winter), the increase
of predator species according to the hydroperiod length is less evident. In Espolla
pond, the fact that the highest proportions of predator species, due to group 4
predators, are in the spring-summer hydroperiods could be interpreted in that
way (Table 1). Note that in other environments such as Mediterranean rock pools
where the predators appear as quickly as the non-predators, the proportion of
predatory species are not related to water permanence (Spencer et al., 1999).
C) THE ROLE OF PREDATORS: Triops cancriformis as example
T. cancriformis in Espolla pond is a predator species, since animals, mainly cope167
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Figure 8. Above, number of species assigned to FFG (A). Below, biomass of species assigned to
FFG (B).

pods and cladocerans, have been found in almost all guts dissected (Fig. 10). The
number of animal prey was significantly higher in large than in small animals,
and it decreased in both small and large animals on the second sampling day
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Figure 9. Above, number of predator species assigned to LHSG (A). Below, abundance of predators assigned to LHSG (B).

(Table 2). Pont and Vaquer (1986) also reported the increase of the predatory nature of T. cancriformis with their size. During the drying phase, microcrustacean
abundances decrease due to an increase of predator density by concentration. This
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effect could explain the significant lower number of preys found in the gut content in the drying phase when compared to the middle phase, when environmental conditions are less stressing (Boix et al., 2004). The decrease of prey
(microcrustacean density) and the increase of individuals with a high potential
predatory impact (T. cancriformis individuals with CCL>14 mm) are shown by
means of the change in value of the prey:predator ratio between the two days
analysed, approximately from 5600 to 800.
In terms of abundance, Megacyclops viridis and Cyclops sp. were the main animal preys of T. cancriformis, both being the most abundant microcrustaceans in
the pond. A sex-biased predation was observed for one prey species of copepod
(M. viridis) but not for the other (Cyclops sp.). Thus, similar proportions of Cyclops
sp. males, females and copepodites were found in the gut contents of T. cancriformis and in the pond (Fig. 11). In contrast, significant differences were found on
both days between the frequencies of males, females and copepodites of M. viridis
in T. cancriformis gut contents and pond. While the frequency of M. viridis females was similar in pond and gut contents, M. viridis males were twice as abundant in the gut contents. These results suggest that T. cancriformis predatory
behaviour could affect not only community composition but also population dyTable 1.The 7 hydroperiods sampled in Espolla Pond in 1996 and 1999. (PS = Pre-dator
Species).

Hydroperiod
1
2
a
3
b
c
d

Flooded Season

Duration
(days)

Number
of PS

% PS of the
LHSG 4

Autumn-Winter
Spring
Autumn
Autumn-Winter
Spring
Spring
Autumn

100
46
10
96
3
18
14

23
20
2
24
1
12
6

55%
70%
(100%)
61%
(100%)
77%
60%

namics, since it could alter population structures through changes in sex ratios. In
this sense, bias in sex ratio due to predation has been observed in several preypredator relationships, and the sexual dimorphism in size is the generalized explanation (Hairston et al., 1983; Britton and Crivelli, 1993; Scabetsberger and
Jersabek, 2004). For copepod prey, selective predation was described for both sexes
(Maly, 1970). The possible causes for selective predation of female copepods are
the size (because predator selects large sizes, or because large sizes are more eas170
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Figure 10. Percentage of guts which contain the different food items. Above (a), the percentage
of presences of filamentous algae (1), detritus (2), notostracan exuviae (3), plant fibres (4), animal prey (5), and bryozoan statoblasts (6) found in T. cancriformis guts. Below (b), the frequency (percentage of guts) of several animal items found on T. cancriformis guts. Grey bars
correspond to the first sampling day (February 6th 1997), and the white ones to the second sampling day (March 4th 1997).

ily to be detected) and the slower movement of the ovigerous individuals (Brooks
and Dodson, 1965; Maly, 1970; Hairston et al., 1983; Winfield and Townsend,
1983). Information on the selective predation of male copepods is scarcer and
have been related to their more active behaviour, because some predators detect
the prey by means of their movements (Maly, 1970; Saito and Kiørboe, 2001). The
latter may be the case for the prey-predator relationship between T. cancriformis
and M. viridis in Espolla pond. The non-biased predation observed for Cyclops
sp. could be due to a less different natatory behaviour between males and females,
or for a lower number of encounters between prey (Cyclops sp.) and predator (T.
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Table 2. Analyses of Variance (ANOVA) for number of animal prey, using sex, size group (SIZE)
and sampling day (DAY) as factors. Partial eta squared values, as a measure of size effects, are
also shown.

Source of variation
SEX
SIZE
DAY
SEX × SIZE
SEX × DAY
SIZE × DAY
SEX × SIZE × DAY
Error

df

F

P

Partial eta square

1
1
1
1
1
1
1
72

5.789
33.897
32.184
3.145
5.905
2.442
7.719

0.019
< 0.001
< 0.001
0.080
0.018
0.122
0.007

0.074
0.320
0.309
0.042
0.076
0.033
0.097

cancriformis) due to a more spatial segregation of them (Cyclops sp. is more planktonic, while T. cancriformis is more benthic). It is interesting to note that the predator population (T. cancriformis) could be, at the same time, sex-biased under
predation by herons (Boix et al., 2002).
D) PERMANENT versus TEMPORARY PONDS
Faunal composition
Significant differences existed among PFW, TFW, and saline waters, while the two
saline water body types were not significantly different (Fig. 12). According to
these results, three different communities can be identified by means of their faunal composition: PFW were characterized by a high occurrence of two cladocerans (Chydorus sphaericus and Oxyurella tenuicaudis) and two copepods (Eucyclops
serrulatus and Macrocyclops albidus); TFW were characterized by a high occurrence of two copepods (Megacyclops viridis and Canthocamptus staphylinus); and
saline waters (SW) were characterized by a high occurrence of four copepods
(Calanipeda aquaedulcis, Halicyclops rotundipes, Canuella perplexa and Cletocamptus confluens), two ostracods (Loxoconcha elliptica and Cyprideis torosa) and
three malacostracans (Lekanesphaera hookeri, Gammarus aequicauda and
Corophium orientale). The absence of two community types for saline waters related to their water permanence, could be explained because in the studied area almost all saline waters are located in coastal areas, contrarily to other
Mediterranean areas, where athalassohaline waters are abundant (Britton and
Crivelli, 1993; Alonso, 1998). Mediterranean coastal water bodies are characterized
by flooding events that connect permanent and temporary water bodies (Brucet et al.,
2005; Badosa et al., 2006), whereas inland waters are more isolated. In fresh waters, dif172
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Figure 11.Relative abundance of copepodites, males and females of the two copepods species
(Megacyclops viridis and Cyclops sp.) in the pond and in the gut content. It is also shown for
each species and sampling day the number of guts with a determinate percentage of copepod
males. Females appear in black, males in white and copepodites in grey.

ferent communities and assemblages of specific zoological groups, such as coleopterans and heteropterans, between permanent and temporary systems were previously reported (e.g. Eyre et al., 1986; García-Avilés et al., 1996; Hillman and Quinn, 2002). This
difference has been explained by differences in biological traits as dispersal capacity and
drought tolerance (e.g. Brown, 1951; Wiggins et al., 1980; Nilsson, 1986).
Faunal richness
Significant differences were obtained for species richness per visit in relation to
salinity. Thus, saline waters had lower species richness per visit than fresh waters
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(Fig. 13A). The results obtained by means of rarefaction curves were in accordance with those obtained with species richness per visit (Fig. 13B and 13C). In
contrast, species richness differences between temporary and permanent ponds
were not significant (Fig. 13). Water permanence was one of the main gradients
Figure 12. Partial Correspondence Analysis: ordination of the 20 species which explain the
14.3% of the variability explained by the first two axes. Different upper and lower letters indicate significant differences (P<0.01) among sample scores of the water body types on the first
and second axis, respectively, after Dunnett’s T3 post hoc test. ATDE: Atyaephyra desmarestii;
CAAQ: Calanipeda aquaedulcis; CAPE: Canuella perplexa; CAST: Canthocamptus staphylinus; CHSP: Chydorus sphaericus; CLCO: Cletocamptus confluens; COOR: Corophium orientale; CYTO: Cyprideis torosa; DIBO: Diacyclops bicuspidatus; ECPA: Echinogammarus pacaudi; ECPH: Ectocyclops phaleratus; EUSE: Eucyclops serrulatus; GAAE: Gammarus aequicauda;
HARO: Halicyclops rotundipes; LEHO: Lekanesphaera hookeri; LOEL: Loxoconcha elliptica;
MAAL: Macrocyclops albidus; MEVV: Megacyclops viridis; OXTE: Oxyurella tenuicaudis;
PAZA: Palaemonetes zariquieyi.
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taken into account in the analysis of community structure of aquatic continental
ecosystems (Wellborn et al., 1996), and several studies found a decrease of crustacean richness and insect richness in most temporary water bodies compared to
more permanent ones (e.g. Ebert and Balko, 1987; Schneider and Frost, 1996).
However, several authors already pointed out that a wide variety of freshwater
species is well adapted to survive periods of drought and, even, some species are
particularly associated with intermittent drying (Biggs et al., 1994; Williams, 1996).
E) MAINLAND versus ISLAND TEMPORARY PONDS
Species richness of the temporary ponds of the six areas analysed showed a gradient from Sardinia, which presented the highest species richness, to Secans de
Lleida, which had lowest species richness (Fig. 14A). The two islands had significant different species richness, and one mainland area, Albera, had not significant
differences with the two island areas. Thus, the species richness gradient of the
six areas analyzed could not be explained by differences between mainland and island sites. We selected pristine temporary ponds in order to not include poor water
quality ponds, because eutrophy affects significantly species richness (Biggs et al.,
2005; Boix et al., 2005b; Solimini et al., 2008; Trigal et al., 2009). We also did not
selected water bodies that belong to a special type of temporary water body, such
as rock-pools. However, the temporary ponds had clear differences: Sardinia, Minorca and Albera temporary ponds are of natural origin and are well preserved
ponds, while Gavarres, Secans de Lleida and Serra de Cardó ponds are constructed
or human-modified. In the case of Gavarres ponds, they are ancient constructed
ponds, but they have a good naturalization level because this area was depopulated in the first half of 20th century (Boix et al., 2005a). Some ponds of the Secans
de Lleida and Serra de Cardó could have a natural origin, but they are humanmodified for agricultural and livestock purposes. However, they have also a good
naturalization process. In contrast, Sardinian, Minorcan and Albera ponds are
well preserved water bodies, which is in agreement with the vegetation and faunal importance of these areas (Ribera and Aguilera, 1996; Font & Vilar, 1998; Bagella et al., 2005; Fraga, 2008). Thus, the human or natural origin of the ponds could
explain the gradient of species richness of temporary ponds observed among the
studied areas. Long time is required in constructed ponds in order to archive the
species richness values observed in natural ponds (Barnes, 1983), although a rapid
colonization by plants and invertebrates have also been reported (Gee et al., 1997;
Fairchild et al., 2000).
In relation to the comparison among the three sampling occasions, in both islands a significant increase of species richness was observed from the flooding period to the drying period (Fig. 14B). The middle sampling period had intermediate
values of species richness, and the species richness values were not significantly
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Figure 13. Comparison between temporary versus permanent ponds. In (A) panel the species
richness per visit was compared by means of ANOVA test (* P<0.05). In the other two panels
the comparison was made using sample-based rarefaction curves (, with 95% CI) of species richness of crustaceans and insects from saline waters (B), and fresh waters (C).
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Figure 14. Comparison of species richness of temporary ponds from several Mediterranean
areas. In panel (A) differences among the seven areas were shown. In panel (B) differences
between island areas, Sardinia and Minorca and among the three sampling occasions were
shown. Different letters below the name of the area in panel (A) and in the side of sampling
occasion legend in panel (B) indicate significant differences (P<0.05). * P<0.001.
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different with the other two periods. The temporal pattern of species richness
along the hydroperiod observed in different Mediterranean ponds did not show
a similar pattern. Bazzanti et al. (1996) describe an increase of the species richness
along the hydroperiod, while Boix et al. (2004) and Culioli et al. (2006) describe
an increase after the filling with a decrease and increase along the hydroperiod.
The last two studies disagree on the type of increase of species richness after the
filling, because Boix et al. (2004) described a rapid one (maximum achieved in
less than 15 days), while Culioli et al. (2006) described a slower one (maximum
achieved in more than 30 days). In contrast, these three studies agree in two aspects: (1) they detect maximum values of species richness in spring, and (2) the last
days before the complete drought they detect a drop of the species richness. The
first aspect is also observed in the study of a temporary pond in Australia (Lake
et al., 1989), but not the second one. The third sampling day in the Sardinian and
Minorcan temporary ponds was performed in May, at the beginning of the drying phase, so the maximum values observed in the third sampling day are in agreement with the spring maximum values reported in the other studies. On the other
hand, the observed gradual increase of species richness along the three sampling
days is coherent with the patterns described by Bazzanti et al. (1996) and Culioli
et al. (2006), but not with the pattern described by Boix et al. (2004).
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SICILIAN TEMPORARY PONDS: AN OVERVIEW OF THE COMPOSITION
AND AFFINITIES OF THEIR CRUSTACEAN BIOTA
Marrone, F. , Castelli, G. and Naselli-Flores, L.
(1)

(2)

(2)

Abstract
Available data on Sicilian entomostracans allowed an initial characterization of the
freshwater crustacean biota of the island and to formulate some hypotheses on its
origin.
The absence of supra-specific endemic taxa and the current regional distribution
of the investigated species suggest a late Pleistocene colonisation of the island by temperate taxa with a northern affinity, currently confined to the coolest areas of the
island, followed by a Holocene arrival of thermophilous species coming from the
Maghreb, which is still in progress. The importance of Sicily as a ‘crossroad’ for the
faunas of the circum-Mediterranean countries is thus confirmed.
Unfortunately, and in spite of the EU directives, Sicilian temporary waters are currently threatened by reclamations and spreading urbanization; the progressive loss
of these environments, which are water bodies typical of the semi-arid Mediterranean climate of the region, is causing the fragmentation and, eventually, the local
extinction of their own fauna, which constitutes the most representative autochthonous biota of Sicilian inland waters.
Keywords: Sicily, biogeography, Mediterranean temporary ponds, Branchiopoda,
Copepoda
INTRODUCTION
The Mediterranean area is known to be one of the richest biodiversity hotspots in
the world (Blondel and Aronson, 1999). This high richness is due to its complex paleogeographical and paleoclimatic history and its current varied physiography, further
enriched by the high number of islands and islets present which alternated a status
of real insularity with more or less direct connections with the neighbouring mainlands during the Pleistocene climatic fluctuations. Furthermore, the three main
European peninsulas (Iberian, Italian and Balkan), projected into the Mediterranean
Sea, alternately behaving as glacial refuges or colonisation areas for the ther-
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mophilous and temperate faunas during the Pliocene and Pleistocene climate fluctuations, allowing the establishment of complex faunal mosaics. All of these reasons
contribute to making the circum-Mediterranean countries an ideal ‘study area’ for
biogeographers.
The semi-arid climate that makes up most of the area, characterised by strong
seasonality and unpredictability of water availability, causes a scarce development of
the permanent hydrographical surface network, which is usually limited to brackish
coastal wetlands and high-altitude ponds and lakes. On the other hand, temporary
water bodies are the most widespread and representative aquatic ecosystems of the
circum-Mediterranean countries, and host rich and exclusive biological communities adapted to the climatic pattern of the area. Consequently, temporary water bodies and their biota are currently recognized as worthy of special conservation efforts
by a directive from the European Union (Council Directive 92/43/EEC) and by the
Ramsar Convention on Wetlands (Resolution VIII.33/2002). Among the invertebrates, certain crustacean groups such as the so-called ‘large branchiopods’, often
considered the ‘flagship species’ of the Mediterranean temporary ponds (e.g. Eder
and Hödl, 2002), are exclusive and strictly linked to these environments.
Despite the complexity and importance of the inland water crustacean communities of Mediterranean seasonal wetlands, the extremely rich entomostracan biota
of these ecosystems has been the subject of interest by organic surveys only in recent
decades, and several taxonomical groups and areas are still poorly known or completely data deficient (Marrone, 2006).
Over the last six years, an extensive sampling survey aimed at getting a punctual
census of the crustacean fauna of temporary waters has been carried out in Sicily,
leading to the discovery of several new taxa for Sicilian or Italian fauna and thus
paving the way for a preliminary description of the Sicilian temporary water bodies
(Marrone et al., 2006b) and their entomostracan biota (Marrone et al., 2005, 2006a;
Marrone and Mura, 2006; Pieri et al., 2005).
THE STUDY SITE
With a surface area of nearly 26,000 km2, Sicily is the largest island in the Mediterranean Sea. It is located at the centre of the basin, crossing three of the four biological quadrants in which the Mediterranean area is divided (Blondel and Aronson,
1999). It is separated from Italy and Tunisia by narrow, but quite deep, sea straits,
thus constituting an ideal bridge between the European and Maghrebian faunas.
Consequentially, Sicily’s possible role as an ideal crossroad for circum-Mediterranean
freshwater zooplankton has often been stressed (e.g. Naselli-Flores et al., 1998; Marrone, 2006). The Sicilian mainland is surrounded by some archipelagos and isolated islets (Fig. 1). In the present analysis, the crustacean biota of the Pelagie Archipelago, which administratively belongs to Sicily, has not been included as it
190

International Conference on Mediterranean Temporary Ponds

biogeographically belongs to Tunisia. Conversely, the Maltese Archipelago, an independent country, is hereby considered as part of the Sicilian region as it is geologically part of the southeastern Sicilian Hyblean plateau.
Fig. 1. Location of the sampled sites. Maltese islands are not represented but were extensively
sampled. De Martonne aridity zones according to Drago, 2002.

The Sicilian territory is dominated by a hilly landscape (61% of the surface area),
but also includes a fair amount of mountain range (25%). Of these, a coastal chain
facing the Tyrrhenian Sea is the most predominant, reaching a maximum altitude of
about 2,000 m a.s.l., and intercepting most of the humid air masses coming from the
north. The coastal chain lies in continuity with the Italian Pennines. Another important mountainous area is located in the central part of Sicily, making up the ‘Monti
Sicani’ area.
The lowlands, accounting for about 14% of the whole area of the island, are mainly constituted by the eastern ‘Piana di Catania’, of recent alluvial origin, and by the
southwestern ‘Sciare di Mazara’, which are Pleistocene calcarenitic marine terraces.
The average annual rainfall in Sicily is between 350 and 1200 mm y-1, and the
average annual temperature ranges from 4 to 20°C. These important differences,
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related to the different altitude and exposition of the areas, allow the island to be
divided into 4 zones according to the De Martonne aridity index, from semi-arid to
humid (Fig. 1); the more humid areas are located along the coastal chain, in the
Mount Etna, and ‘Monti Sicani’ areas, while the more arid ones are located in western Sicily and along the southern coast of the island.
SAMPLING ACTIVITIES AND METHODS
On the whole, 347 temporary water bodies located from 0 up to 1800 m a.s.l. were
visited and sampled in Sicily and in the circum-Sicilian islands, excluding the Pelagie
Archipelago (Fig. 1); the majority were visited in different seasons and years (from
2003 to 2009) in order to account for the seasonal successions and the possible interannual differences of the faunal assemblages.
Each sampled site was characterised through the registration of some geographical (coordinates, altitude, geological nature of the underlying substratum, length of
the main axes, and maximum depth) and environmental parameters (landscape of
occurrence, electric conductivity, water temperature, water turbidity, and macrophyte coverage).
Crustacean samples were collected by means of three different nets: a 125 μm
mesh-sized towing net was used in the open waters, a 200 μm hand net for the benthic and littoral species, and a 600 μm hand net for the adult stage of the large branchiopods, which are able to actively avoid the thicker nets and may be easily overlooked through the conventional zooplankton sampling techniques. Collected
samples were duplicated and fixed in situ in 95% and 70% ethanol, in order to make
them available for both morphological study and molecular analyses.
Branchiopods were identified according to Cottarelli and Mura (1983), Margaritora (1985), Alonso (1996), and Benzie (2005); ostracods according to Meisch
(2000); copepods according to Kiefer (1971, 1978) and Ranga-Reddy (1994).
HYPOTHESES ON THE ORIGINS OF THE CURRENT SICILIAN
ENTOMOSTRACAN FAUNA
On the whole, 38 anomopods, 8 large branchiopods, 12 calanoids, and 29 ostracods
are currently recorded in the temporary waters of Sicily (Marrone et al., 2005; Marrone et al., 2006a; Marrone and Mura, 2006; Pieri et al., 2006, and unpublished data).
Collected cyclopoid and harpacticoid copepods are currently under study, and the
little preliminary data available was not considered in this paper.
Regarding neighbouring countries, the entomostracan faunas of Tunisia (Gurney, 1909; Gauthier, 1928; Mouelhi et al., 2000; Marrone et al., unpubl. data), the
Balearic Islands (Pretus, 1990; Jaume, 1989-1990, Zamora et al., 2005), Sardinia
(Ruffo and Stoch, 2006), Peninsular Italy (Ruffo and Stoch, 2006; G. Alfonso, unpubl.
data), and Corfu (Stephanides, 1948) have been repeatedly investigated. Unfortu192
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nately, these taxonomical groups received uneven attention in these different regions,
and for some of them the available data is not comparable due both to the scarce reliability of the checklist published in the old literature, and to the lack of comprehensive studies which could be really representative of the whole regional faunas. This
is the case for cyclopoid and harpacticoid copepods, ostracods, and the whole suborder Radopoda (Anomopoda).
Conversely, the genus Daphnia (Branchiopoda: Anomopoda), the large branchiopods (Branchiopoda: Anostraca, Notostraca, Spinicaudata), and the diaptomid
copepods (Copepoda: Calanoida), are characterised by a more stable taxonomy and
a fairly accurate degree of knowledge throughout the western and central Mediterranean countries. They were thus considered as candidates for a comparison of the
regional faunas, the only significant gaps being those regarding the faunas of peninsular Greece, Crete and Libya. Tab. 1 reports the occurrence of these species in the
temporary waters of Sicily and circum-Sicilian countries, including Balearic Islands.
In order to investigate the natural history of Sicilian biota and the historical
processes that led to the composition of the current faunal assemblage, species
groups with similar ecological preferenda and geographical gravitation were singled
out and the congruence of their current distribution in the studied area with the
palaeoclimatic and palaeogeographic available data was checked. Accordingly, 4
main groups, with different barycentres in the distribution areas of their components
were distinguished in the Sicilian entomostracan fauna. These show quite a sharp
ecological and spatial segregation on the island.
The first and most abundant group is composed by somewhat euryecious taxa
with a circum-Mediterranean to Holoarctic distribution. This group is mostly composed by anomopods, but also includes calanoid species like Arctodiaptomus salinus
and Calanipeda aquaedulcis, and large branchiopods like Chirocephalus diaphanus,
Branchipus schaefferi and Triops cancriformis s.s. These taxa are quite widespread on
the island and as a rule present scarcely defined distribution patterns.
The second group includes the only endemic taxon among Sicilian entomostracan, an Arctodiaptomus species of the dudichi-stephanidesi group as defined by Kiefer
(1971). This diaptomid is currently reported as A. stephanidesi in the Italian and Sicilian checklists (Ruffo and Stoch, 2006; Marrone et al., 2006a) but differs from the typical species and from its eastern subspecies A. stephanidesi bulgaricus in several morphological characteristics. The morphological and molecular characterization of this
taxon is currently on the way. Moreover, it is noteworthy that there is no record of
species from this group neither in the western Mediterranean countries nor in southern peninsular Italy, and its closest relatives occur in the Balkan Peninsula and Asia
Minor.

193

Invertebrates

Table 1. Occurrence of the studied groups (Diaptomid copepods; Large branchiopods: Anostraca, Notostraca, Spinicaudata; Genus Daphnia) in the temporary water bodies of the investigated regions. § North of 35° latitude north, including the Pelagie Archipelago; *South of 44° latitude north; # According to Rayner (1999), Paradiaptomus greeni is absent from Africa, where
occurs the closely related P. similis. Paradiaptomus greeni. The actual occurrence of D. atkinsoni s.s. in Peninsular Italy has to be checked. Sources: 1: Jaume, 1989-1990; 2: Stephanides,
1948; 3: Ruffo & Stoch, 2006; 4: Margraf & Maas, 1982; 5: Turki & El Abed; 1999; 6: Marrone
et al., unpubl. data; 7: Marrone et al., 2006a; 8: G. Alfonso, pers. comm.; 9: Gauthier, 1928; 10:
Korn et al., 2006; 11: Marrone & Mura, 2006; 12: Lanfranco, 2001; 13: Pretus, 1990; 14: Marrone et al., 2005; 15: Marrone et al., 2007; 16: Mouelhi et al., 2000.
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Table 1. Continued.

The third group is composed by several temperate anomopod and diaptomid
species with a distribution area showing a northern barycentre. For some of them,
like the diaptomids Mixodiaptomus kupelwieseri, Diaptomus serbicus and Arctodiaptomus kerkyrensis, Sicily is the southernmost limit of their distribution area; while
some others, such as the anomopods Daphnia chevreuxi, D. pulex, D. obtusa, and the
diaptomid Hemidiaptomus gurneyi also occur in the cooler and more humid areas
of Maghreb, but are common in central and western Europe and become rarer following a northeast- southwest gradient. In Sicily these species are limited to the high
altitude water bodies of the coastal chain and in the Monti Sicani area, mostly on acid
siliceous or volcanic outcrops, and show a clear northeast-southwest gradient on the
island itself. No representative of this group has been observed in the small circumSicilian islands.
Finally, the fourth group is composed of some thermophilous taxa of Southern
origin; these are the diaptomids Hemidiaptomus ingens s.s. and Metadiaptomus
chevreuxi, and the large branchiopods Leptestheria mayeti and Lepidurus apus lubbocki. These taxa have been found with sparse populations in the most southwestern part of Sicily and in Favignana, a small island close to the western Sicilian coast.
In contrast to what has been observed in the Iberian Peninsula (Alonso, 1996,
1998), peninsular Italy (Mura, 1999) and the Balkans (Cvetkovic-Milicic and Petrov,
2001), Sicilian crustacean fauna is poor in endemic species, and there are not relic
taxa with a disjunct distribution area, which may have been confined to the island
during the Pleistocene climate oscillations. This pattern does not support an ancient
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origin of the current Sicilian entomostracan biota, and suggests that Sicily was not a
suitable refugium for thermophilous taxa during the Pleistocene glaciations.
The poor suitability of Sicily as a glacial refugium is also confirmed i) by the
absence of records of e.g. Mixodiaptomus incrassatus and M. lilljeborgi, which are
fairly common in northern Tunisia, Sardinia, southern Italy and the Balearic islands;
ii) by the widespread presence of the anostracan Streptocephalus torvicornis in northern Tunisia but up to now never recorded in Sicily; iii) by the presence of the calanoid
Arctodiaptomus wierzejskii, one of the most ubiquitous Palaearctic diaptomid copepods (Dussart and Defaye, 2002), only from two sites in Malta, being absent in both
the other circum-Sicilian islands and Sicilian mainland (Tab. 1).
The scarce effectiveness of Sicily as a Pleistocene refugium where aquatic fauna
could have survived ‘in situ’ is independently confirmed by the nearly complete
absence of freshwater endemism on the island, and by some recent molecular studies which gives support to the Plio-Pleistocene colonisation of the island: Stöck et al.
(2008) postulate a post-Messinian colonization of Sicily by a green toad strain coming from Tunisia (Bufo siculus) and a more recent, probably during the Pleistocene,
entrance of a Peninsular Italian strain (Bufo balearicus) into Sicily; Zangari et al.
(2006) confirm the absence of significant molecular differentiation between the Sicilian, Maltese and Tunisian population of the painted frog, Discoglossus pictus; Garcia-Muňoz et al. (2009) observed a close similarity between Tunisian and southernEuropean populations of the freshwater decapod Atyaephyra desmaresti.
With the exclusion of the biogeographically poorly informative faunal contingent
composed by euryecious and widespread species, the composition, local distribution and chorology of the other groups allow the formulation of some hypotheses on
the origin of the Sicilian temporary water entomostracan biota. It seems that none
of the crustacean species that arrived in Sicily through the Oligocene drift of the
palaeo-Tyrrhenian microplates or during the Miocene Messinian salinity crisis have
survived to date. This hypothesis is supported by the absence of endemic taxa of
supra-specific rank on the island. Therefore, current Sicilian crustacean assemblages
date back to the Pleistocene epoch. The Plio-Pleistocene climate, with its periodicity of glacial and inter-glacial events, completely swept away the ancient Sicilian crustacean biota and allowed the colonisation of the island by mesophilous species of
northern and eastern origin (fig. 2). The endemic Arctodiaptomus taxon of the
‘dudichi-stephanidesi group’ likely arrived with one of the first colonization waves
and survived in situ during the warmer inter-glacial periods thanks to its relative
eurythermy (the species is currently known for sites ranging from 16 to 1067 m a.s.l.,
coinciding with the temperate-dry and temperate-humid zones according to De
Martonne aridity index). Its isolation during the interglacial periods and the failed
re-colonisation of the central Mediterranean area by its parental species during the
following glacial periods allowed its differentiation through a vicariance process.
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Fig. 2. Current distribution areas of selected species among those which colonised sou-thern
Italy, Sicily and the Maghreb during the Pleistocene glacial events. Emerged coas-tal plains are
stippled.

Fig. 3. Current distribution areas of selected species among those which colonised Sicily and
southern Italy during the Holocene. Stippled areas coincide with the -200 isobath.
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The last Pleistocene glacial events allowed the entrance in southern Italy and Sicily of temperate taxa such as Diaptomus serbicus, Arctodiaptomus kerkyrensis, Hemidiaptomus gurneyi and Daphnia chevreuxi, Daphnia pulex, and Daphnia obtusa coming from the Balkan peninsula and northern Italy. The first two diaptomid species
colonised Sicily and southern peninsular Italy; H. gurneyi and the daphnids also successfully colonised Sardinia and the northern coast of the Maghreb. All of these
species except D. pulex are present in Sardinia (Margraf and Maas, 1982; Ruffo and
Stoch, 2006), while in the Maghreb, populations of D. chevreuxi and D. pulex have
been recorded from Tunisia to Morocco, H. gurneyi from Tunisia and Algeria, and D.
obtusa in Tunisia only (Mouelhi et al., 2000), showing an east-west gradient (Fig. 2).
With the beginning of the last post-glacial period (i.e. the Holocene), these
species took refuge in the more humid areas, following suitable environmental conditions at high altitudes or in areas where local geography allowed for cooler microclimates. In Sicily, all of these species are currently limited to water bodies on the
coastal chain and in the Monti Sicani area, ranging in altitude from 600 to over 1400
m. Later on, the insurgence of warmer and semi-arid climatic conditions, about
10,000 years BP, allowed thermophilous taxa coming from northern Tunisia to colonize Sicily, along with the entrance of diaptomids Hemidiaptomus ingens s.s., Metadiaptomus chevreuxi and likely Copidodiaptomus numidicus and the large branchiopods Lepidurus apus lubbocki, Leptestheria mayeti and Phallocryptus spinosus.
To date, the first two species were only able to colonise the south-westernmost part
of Sicily; conversely Lepidurus apus lubbocki rose along the Italian Tyrrhenian coast
to Latium, but was not able to colonise Apulia, where the eastern-graviting congeneric species Lepidurus couesii occurs (Scanabissi et al., 2006). Leptestheria mayeti
and Phallocryptus spinosus were able to infiltrate Sicily and southern Italy, finally
arriving in Apulia (Mura et al., 1999; G. Alfonso, pers. comm.) (Fig. 3). A single population of the steppic notostracan Triops granarius was observed in southern Italy
(Cottarelli and Mura, 1979); this species is a recent immigrant from Tunisia, and likely used Sicily as a ‘stepping stone’ to reach southern Italy; its Sicilian populations have
currently disappeared or have become extremely localised and thus may have been
overlooked. The absence of Arctodiaptomus wierzejskii on the Sicilian mainland,
where it is vicaried by an endemic congeneric species(Arctodiaptomus sp. of the
‘dudichi-stephanidesi group’), suggests that the presence of a relatively ancient Sicilian species did not allow the settlement of the more recent immigrant of Southern
origin. Conversely A. wierzejskii is known to occur all around the distribution area
of the Sicilian Arctodiaptomus sp., i.e. southern Italy, Sardinia, Greece, Tunisia,
Balearic islands and the Balkan Peninsula (Dussart and Defaye, 2002).
Several other taxa do not seem to have reached Sicily and southern Italy yet, but
are likely to be currently spreading North; this is the case for Streptocephalus torvicornis (cf. Dumont et al., 1995), whose only Italian population is very likely of Balkan
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origin (Mura and Cottarelli, 1998), and Tanymastigites perrieri.
Present hypotheses on the origin and rough timing of the entomostracan colonisation waves in Sicily are supported by some preliminary molecular results. In particular, Sicilian H. ingens and Lepidurus apus lubbocki strains present the same mitochondrial haplotypes of their Tunisian counterparts, attesting for a recent
colonization of the island from Maghrebian propagules, while Tunisian, Sicilian, Italian and Corfu H. gurneyi populations show a more pronounced molecular structuring, thus suggesting the insurgence of molecular differentiation due to the isolation of relic populations (unpubl. data).
Present tentative reconstruction does not find a clear explanation for the absence
on the island of two Mixodiaptomus species: M. incrassatus and M. lilljeborgi, both
of them fairly common in Tunisia, southern Italy and Sardinia. Further sampling
surveys and molecular studies are needed to investigate their distribution patterns
in the Mediterranean basin and thus to formulate a sound hypothesis to explain their
absence in Sicily.
CONSERVATION ISSUES
Despite the existing national and international laws and directives, Sicilian temporary waters and their biota are currently threatened by reclamations and spreading
urbanization; the progressive loss of these environments, which can be considered
the most distinctive water bodies in the Mediterranean climate, is causing the fragmentation and eventually the local extinction of their highly specialized and peculiar fauna, which constitutes the most representative autochthonous biota of Sicilian
inland waters. Furthermore, the destruction or alteration of temporary habitats is
most intense in the lowlands, which are the areas where the immigrants of southern
origin could primarily establish new populations. This would eventually lead to the
survival of few isolated populations of recent immigrants exposed to a high risk of
short-term extinction. Compounding the problem, the relic temperate species are
naturally confined to isolated areas, and therefore prone to local extinction.
The residual Sicilian temporary water bodies will thus host only the more euryecious and stress-tolerant species; this trend seems to be already in progress. Conservation activities, awareness raising among the stakeholders, and the creation of ponds
ex-novo in the more impacted areas are measures that should be urgently taken into
consideration before the diversity of Sicilian crustacean fauna is further impaired.
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OVERVIEW OF TEMPORARY WETLANDS’
MACROINVERTEBRATE ASSEMBLAGES
IN THE CAPE FLORISTIC REGION, SOUTH AFRICA.
Mlambo, M.C.(1), Reed, C.C.(1) and Day, J.A.(1)
Abstract
The Cape Floristic Region (CFR) of South Africa is one of the “hottest” global biodiversity hotspots, with exceptionally high levels of endemism and the only place in
Sub-Saharan Africa with a Mediterranean-type climate. However, relatively little is
known about the diversity, structure and composition of wetland faunal assemblages
of this region and the effect of physico-chemical factors on their distribution. This
paper presents the current knowledge of wetland macroinvertebrate assemblages in
the CFR. Temporary wetlands of the CFR exhibit a relatively high biodiversity, with
a total of 119 taxa emanating from 51 families recorded from 73 genera, which is
comparable with other Mediterranean-type climate regions. As of present, a total of
five new species have been discovered in this study, from Hydraenidae, Streptocephalidae and Hydryphantidae. Observed taxon richness was found to be an underrepresentation of the “true” taxon richness and the high occurrence of rare taxa suggesting inadequate sampling. Assemblage composition was dominated by five
families; Chironomidae, Dytiscidae, Pomatiopsidae, Culicidae and Baetidae, combined contributing more than two-thirds of total assemblage. Tomichia, Cloeon,
Culex and Sigara each contributed more than 10% of total assemblage. Redundancy Analysis (RDA) revealed that the model including; pH, Phosphate, Conductivity, Turbidity, Nitrite and Ammonium respectively, explained the significant variation in the assemblage structure.
Keywords: Cape Floristic region, macroinvertebrate assemblages, temporary wetlands, biodiversity and Mediterranean-type climate.
INTRODUCTION
The Cape Floristic region (CFR) is a unique terrestrial biogeographic region different from the rest of southern Africa (Werger, 1978). The region is of significant international importance (Myers et al., 2000; Olson and Dinerstein, 2002; Thieme et al.,
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2005) as a global biodiversity hotspot and the only area in sub-Saharan Africa to
exhibit Mediterranean-type climate. Unfortunately, the region is under severe threat
from land transformation for agriculture, urban development and alien invasion
(Rouget et al., 2003), as is the whole of the Mediterranean biome (Underwood et al.,
2009). In addition, predictions suggest that CFR is particularly sensitive to climate
change (Midgley et al., 2002). Over and above its exceptional botanical diversity represented by over 68% endemism for species (Goldblatt and Manning, 2000), the CFR
is also known for its highly diverse and endemic stream communities (Picker and
Samways, 1996; Wishart and Day, 2002). Unfortunately, the same cannot be said
about its wetland communities due to limited knowledge of these systems. Of all wetland communities, invertebrates tend to overwhelmingly dominate in abundance
and diversity, and yet they remain largely under-studied (Krieger, 1992).
Williams (2006) describes temporary wetlands as water bodies that experience
recurrent dry phases of varying lengths. Nevertheless, they are a dominant feature
in the landscape in the southwestern tip of the CFR (Dallas et al., 2006). Temporary
wetland systems are of even greater significance, since they support unique biota that
is not found in either permanent aquatic or terrestrial ecosystems (Wiggins et al.,
1980; Wissinger, 1999). It is the unpredictable and dynamic physico-chemical nature
of temporary wetlands (e.g. Ebert and Balko, 1987) that allow them to support fauna
not found in any other habitat type or others that attain their greatest populations in
temporary systems. Peculiar environmental changes in temporary wetlands pose
major constraints on the physico-chemical and biological processes of their inhabitants (see review by Williams, 1996). Consequently, biological communities have
evolved strategies to adapt to such dynamic systems (Wiggins et al.,1980). Comprehension of the effect of physico-chemical variables is therefore crucial. The contribution of temporary wetlands to the development and testing of ecological and evolutionary theories is beginning to be noticed (Blaustein and Schwartz, 2001).
However, because of their usual small size, they are severely threatened (Semlitsch
and Bodie, 1998) as compared to their larger, more permanent counterparts.
Despite the recent surge in interest for research on wetland invertebrates culminating in Batzer, Rader and Wissinger (1999) for instance, most of this work has been
done in North America, while very little is known about wetland invertebrate assemblages in other areas (Malan and Day, 2005a). In an attempt to address this knowledge shortcoming, this study aims to provide an overview of biodiversity patterns of
wetland macroinvertebrate assemblages in the CFR. Such understanding of wetland
invertebrate biodiversity is crucial for wetland management, restoration and conservation. In addition, Malan and Day (2005b) argue that to develop biomonitoring
protocols and to link the presence of macroinvertebrate assemblages with certain
conditions, detailed knowledge of what species might be found in what locations and
what their habitat requirements are, is required. Unfortunately such information is
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still lacking in the CFR. This study specifically seeks to, 1) estimate taxon richness
using a range of richness estimators, 2) assess relative abundance of different taxa at
varying taxonomic levels, i.e. generic, familial level, and 3) study the effect of physico-chemicals on assemblage abundance.
MATERIALS AND METHODS
Macroinvertebrate collection and processing
A number of studies have done a good job of comparing and contrasting the effectiveness of different sampling tools (Cheal et al., 1993; Turner and Trexler, 1997;
Batzer et al., 2001) and sweep-nets have been hailed as the best. Macroinvertebrate
assemblages were sampled semi-quantitatively using a square-framed sweep-net
with a 23.5cm mouth and 80μm mesh, since such nets are known to be effective
(Cheal et al., 1993; Turner and Trexler, 1997; Batzer et al., 2001) and facilitate movement through dense vegetation. A total of 140 wetlands were sampled, with 3 samples taken from each. Each sample was made of a composite of nine sweeps taken
from three different areas (3 sweeps in each) and each sweep was one-metre long
(sensu Dietz-Brantley et al., 2002). Relative abundance was expressed as numbers of
macroinvertebrate individuals per wetland sample (i.e. per nine sweeps), as according to Batzer et al. (2001), sweep-net data should not be expressed in terms of area
or volume, but rather in terms of sampling effort (i.e., numbers of organisms/standardised sweep). It is important to mention at this point that only macroinvertebrates
(those animals identifiable with the naked eyes, excluding cladocerans, copepods,
ostracods) were considered in this study. Macroinvertebrates were identified to the
lowest possible taxonomic level using the series of Guides for Freshwater Invertebrates of Southern Africa and the help of specialists.
Statistical Analysis
It is virtually impossible to detect all species and their relative abundances with a limited intensity of sampling (Magurran, 2004). As one of the ways of addressing this
problem, ecologists use a range of richness estimators and rarefaction curves to estimate true richness in an area. In this study, sample-based rarefaction curves were
compiled to determine the degree of sampling representivity (Gotelli and Colwell,
2001). Mean values of the abundance-based estimator Chao 1, the incidence-based
Chao 2, and the first & second-order Jack Knife estimators were plotted together with
the (Mao Tau) observed taxon richness (Sobs). Sampling may be considered adequate or representative when the Sobs curve and the richness estimators converge
closely at the highest observed values (Gotelli and Colwell, 2001). In addition, the
non-parametric asymptotic functions, Incidence Coverage Estimator (ICE) and
Michaelis–Menten richness estimators, as well as the parametric Abundance-based
coverage estimator (ACE) were also used to evaluate sample-size adequacy (Colwell,
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and Coddington, 1994). Calculations were made with EstimateS software (Colwell
2005).
Redundancy Analysis (RDA) was performed with CANOCO software version
4.5 (ter Braak and Šmilauer, 2002) to study the relationship between environmental
variables and macroinvertebrate assemblages. RDA explains variation in a set of
response variables as a function of multiple axes that are combinations of explanatory variables (Lepš and Šmilauer, 2003). Stepwise RDA was used to build models to
explain variance in the assemblage, by forward selecting variables that explained significant variation (p≤0.05). Significant explanatory variables were selected with forward selection using 100 Monte Carlo permutation tests (Lepš and Šmilauer, 2003).
RESULTS
More than 26,000 individuals representing 119 taxa were found in this study. Currently, a total of five species new to science, three in the Hydraenidae: Prosthetops sp.
nov, Mesoceration repandum and Parhydraena sp. nov (P. D. Perkins(2) pers. comm),
one in the Streptocephalidae: Streptocephalus sp. nov (M. Hamer(3) pers. comm) and
one in the Hydryphantidae: Hydryphantes sp. nov (R. Gerecke(4) pers. comm) have
been discovered in this study. All these species but one were recorded at a single
locality.
The observed number of taxa is a bit short of the estimated “true” number of taxa,
as the Sobs curve does not quite reach the asymptote (figure 1), and the richness estimators (i.e. Jack and Chao) do not quite converge (see Gotelli and Colwell, 2001 for
details). Different richness estimators yielded slightly different estimates of predicted “true” richness, but they were all higher than the observed taxon richness. The
sample size in this study was inadequate to capture the full potential richness, given
that the singletons (taxa with only one individual) and uniques (taxa that occur in
only one sample) are still very high; 11 and 26, respectively. In addition, Incidencebased Coverage Estimator (ICE) showed Sobs to be 23 taxa short of the estimated
true taxon richness, whereas on the contrary, the Abundance-base Coverage Estimator (ACE) and the Michaelis-Mentis richness estimator were quite similar to the
observed richness (i.e. with less than 5 taxa difference).
A total of 51 families were recorded in this study, but only twenty had a relative
abundance of more than 100 individuals. Chironomidae overwhelming dominated
the overall assemblage abundance contributing 20%, followed by Dytiscidae, Poma-
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tiopsidae, Culicidae and Baetidae (in order of dominance), all contributing more
than 10% (figure 2). The five most dominant families combined contributed more
than two-thirds of the overall assemblage abundance. Chironomidae was made up
of the three subfamilies Tanyponinae, Chironominae and Orthocladinae, each contributing 2%, 76% and 22% respectively of the total chironomid assemblage.
Although the Stratiomyidae, Gerridae and Scirtidae families had a relative abundance of more than 100 individuals as the cut-off point to be included in the graph,
they each contributed less than one percent of the total assemblage abundance.
Moreover, a substantial number of other families contributed just one percent of
overall assemblage.
A total of 73 genera were identified in this study. However, the actual number of
genera collected might be more than this, considering that for some taxa, such as
Chironomidae and water mites, generic level identification was not possible given
Figure 1 Sample-based ta-xon accumulation curves of wetland macroinvertebrate assemblages
for the whole data set.

Figure 2. Relative abundance of wetland macroinvertebrate families with their standard deviations. Only those taxa with more than 100 individuals were included. The percentage above
each taxa indicates the overall contribution of that taxa to overall relative abundance.
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our limited current taxonomic understanding. In addition, some taxa were too small
to be correctly identified to lower taxonomic levels, for instance Odonates (P. Simaika pers. comm). The Hydrophilidae and Dytiscidae contributed the highest number
of genera (ten each), followed by the Hydraenidae (nine), Culicidae (four), Coenagrionidae and Hydryphantidae (three each), and Corixidae, Eylaidae, Gerridae,
Figure 3. Relative abundance of wetland macroinvertebrate genera with their standard deviations. Only those genera with more than 100 individuals were included. The percentage above
each bar indicates the overall contribution of that genus to overall relative abundance.

Haliplidae, Notonectidae, Physidae and Planorbidae each contributing two genera.
Pomatiopsid genus Tomichia was found to have the highest relative abundance, contributing 19% of the total assemblage abundance. Cloeon, Culex and Sigara all contributed ≥10% of overall assemblage abundance. Most other genera represented by
more than 100 individuals, contributed very little (1% or 2%) of overall abundance
Stepwise RDA results (see table 1) revealed that of the 14 measured physico-chemical parameters in this study, only five (i.e. pH, phosphate, conductivity, turbidity and
ammonium, in order or importance) significantly explained the variation in assemblage data. These combined explained more than 80% of the total variance. pH and
phosphate, contributed by far the highest effect to overall macroinvertebrate assemblage, with each accounting for more than a quarter of the total variance explained
by the model.
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Table 1. Physico-chemical variables that significantly contributed to explaining the variance in
assemblage data.

Variance
explained
pH
Phosphate
Conductivity
Turbidity
Ammonium

0.060
0.058
0.036
0.023
0.019

%variance
explained
23.622
22.835
14.173
9.055
7.559

F
8.795
9.057
5.838
3.755
2.067

P
0.005
0.005
0.005
0.005
0.025

Cumulative
variance
0.060
0.118
0.155
0.177
0.204

% Cumulative
variance
23.622
46.457
61.024
69.685
80.315

DISCUSSION
In nature, the observed (or sampled) taxon diversity (Sobs) is not always a true representation of the actual diversity present in that area. This may be for a number of
reasons, including, for instance, sampling bias (Magurran, 2003) and behavioural or
physiological adaptation by some taxa (Marklund et al., 2001). In this study, Sobs
was found to be an under-representation of the estimated “true” taxon diversity. The
extent of the difference between the Sobs and estimated true richness varied depending on which richness estimator was used (figure 1). The strengths and weaknesses
of these richness estimators are beyond the scope of this paper but are discussed elsewhere (Walter and Moore, 2005; Hortal et al., 2006). Recent work of Brose et al.
(2003) has shown that at times some richness estimators (e.g. Jack 2) perform significantly better than Sobs in estimating true richness. In this study, Jack 2 yielded
the highest estimates of true taxon richness and showed Sobs to be 36 taxa short of
the estimated true richness. Foggo et al. (2003), in their evaluation of techniques used
for extrapolating species richness techniques using British littoral pond invertebrate
data, concluded that the Chao 2 richness estimator was the best performer. In this
study Chao 2 estimated the true taxon richness to be 138, 19 taxa more than the
observed taxon richness (Sobs). The fact that uniques and singletons are still very
high and the ICE is very different from the observed richness suggest that sampling
was not adequate to capture a representative assemblage. We believe however, that
this is because for rare taxa (uniques and singletons) to be adequately captured
requires repetitive sampling, i.e. samples at different times of year, not that the total
sample size (140 wetlands) was inadequate. In fact, this study was quite comprehensive in its sampling (in terms of geographic coverage), and therefore a good representation of regional biodiversity albeit conducted only once. High levels of rare taxa
and the fact that four of the new species were recorded from a single locality suggest
there might be high levels of endemism.
Family-level analysis revealed that Chironomidae contributed 20% of the assem209
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blage relative abundance. Together with Dytiscidae, Pomatiopsidae, Culicidae and
Baetidae (in order of dominance) these families contributed more than two-thirds
of the total assemblage. The high generic richness of beetle families Dytiscidae and
Hydrophilidae, containing 10 each, closely followed by Hydraenidae with nine, is in
agreement with the results of other studies (Robson and Clay, 2005). The fact that
only five families made up more than two-thirds of the assemblage further reiterates
the fact that temporary wetland invertebrates are unique (Wissinger, 1999). In addition, only four genera (Tomichia, Cloeon, Culex and Sigara) contributed more than
10% each of overall assemblage.
A combination of five physico-chemical parameters (i.e. pH, Phosphate, conductivity, turbidity and ammonium) constituted the statistically viable model that
explained 80% of the macroinvertebrate assemblage variance (table 1). pH and Phosphate were the two most important environmental parameters in structuring wetland macroinvertebrate assemblages, individually contributing more than 25% to the
overall model. De Roeck (2007) in her study, however, reported that conductivity,
nutrients and clarity had direct and significant influence on macroinvertebrate community composition. Considering that South African waters are characteristically
turbid (Meintjes et al., 1994), it came as no surprise that turbidity was one of the main
influential physico-chemical parameters. De Roeck et al. (2007) reported a close correlation between turbidity and branchiopods. There is some evidence to suggest that
branchiopods disturb sediment while feeding (Barclay and Knight, 1984). High turbidity can be advantageous by decreasing risk of predation by visual predators, in
contrast elevated turbidity can reduce light penetration for autotrophic communities leading to reduced primary production (Woodward and Kiesecker, 1994).
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THE DRAGONFLIES OF TEMPORARY POOLS IN MENORCA
Soler, E.(1) and Méndez, M.(2)
Abstract
Fifteen species of dragonflies were detected at 12 temporary pools on the island of
Menorca, representing 71.4% of the species mentioned for this island. Species richness per pool ranged from 0-12. Four kinds of phenological patterns were detected:
spring-only (3 species), autumn-only (2 species), summer hiatus (3 species) and
intermittent (7 species). Of the 14 environmental variables analysed, only water temperature (negatively), redox potential and surface area (both positively) influenced
species richness. Three species could be considered as rare in terms of abundance,
two in terms of distribution and one according to both abundance and distribution.
Keywords: temporary pools, hydroperiod, scarcity, environmental characterisation,
distribution
INTRODUCTION
Odonata species richness has been well studied in Europe in general and in both
Spain and the Balearic Islands in particular. Ramis (1814) published the first records
of Odonata from Menorca and this tradition has continued to the present day with
published studies, for example, on the Odonata of the Albufera in Mallorca (Sato &
Riddiford, 2008).
Nevertheless, these studies of dragonfly biology are purely descriptive and are
focused on the species present at permanent water bodies. Thus, the results of this
study (part of the LIFE BASSES project) represent the first attempt to study the
Odonata of this little studied habitat from an ecological and faunistic perspective.
The objectives of this study were to:
(1) characterise the Odonata of temporary pools; (2) study the distribution and (3)
phenology of the Odonata of temporary pools; (4) characterise the environmental
variables of the temporary pools; (5) study the relationship between the environmental factors and the Odonata of each pool; and (6) assess the rarity of the Odonata of temporary pools.
In recent years the number of studies of invertebrate groups – as opposed to those
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of other faunal groups – that are of use to conservation managers has increased, possibly because results are helping to provide a new dynamic view of habitats and thus
of conservation and management needs.
MATERIALS AND METHODS
Pools studied
In total, 12 temporary pools were studied: Cocons d’Algendar (Alg), Cocons de
Binissaid (Bss), Cocons de Binicodrell (Bc), La Mola I, Bassa Verda d’es Compte
(Comp), Bassa Plana (Plana), Ets Armaris (Arm), Torrellafuda (Torre), Curniola A
(CurA), Curniola B (CurB), Es Mal Lloc (MalLL) and Es Molinet (Moli).
Fieldwork
Fieldwork was carried out between 8 April and 3 November 2008 and consisted of
visits to pools either weekly or fortnightly, depending on the pools’ hydroperiods.
During each visit the following information was recorded: (1) the number of species
observed; (2) a semi-quantitative abundance in four categories (rare: 1 individual;
scarce: 3 individuals; common: 7 individuals; and abundant: 11 individuals) and (3)
behaviour.
At each visit, the minimum time spent per pool was 30 minutes and 20 minutes
were added after a new species was recorded at that visit. The visit ended after 20
minutes without recording any new species.
Species were identified with a field guide (Dijkstra and Lewington, 2006) and
publications by Lockwood (2007) and Baixeras et al. (2006) were also consulted for
further information
Environmental variables measured
Seven physicochemical parameters of the water were measured: water temperature
(ºC), pH, redox potential (ORP), oxygen debt (OD, mg/l), conductivity (mS/cm),
total dissolved solids (TDS, mg/l) and salinity. In addition, the following environmental variables were recorded: air temperature (ºC), wind (Beaufort scale) and the
percentage of plant cover (defined as ‘emergent’, if the water surface did not cover all
of the stalk or leaves, or ‘submerged’ if the water covered the whole plant). The
hydroperiod was calculated as the number of weeks in which the pool was dry; water
depth (cm) was also recorded on each visit. The altitude (m) and surface area (m2)
were taken from previous studies (Estradé and Carreras, 2007; González, 2007).
Statistical analysis
A multivariate ordination of the Odonata found at each pool was carried out by using
a Correspondence Analysis with the program Canoco 4.5. The average abundance
of each species at each pool for every fortnightly visit was calculated.
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The characterisation of the pools’ environmental variables was carried out by
means of a Principal Components Analysis (PCA) using the program Canoco 4.5.
The influence of the environmental variables on the species richness was studied
by means of non-parametric Spearman correlation analysis using the program SPSS
15.0, with the exception of surface area, which was log transformed and analysed
with Pearson’s correlation (Connor and McCoy, 1979).
Odonate rarity was assessed following Gaston (1994), by using a Pearson’s correlation between species distribution and abundance with the program SPSS 15.0.
RESULTS AND DISCUSSION
Odonata of temporary pools
Fifteen dragonfly species were found at the temporary pools studied (Table 1). Taking into account works by Ocharan (1987), Dijkstra & Lewington (2006) and miscellaneous data from technical documents produced by the Balearic government
(Conselleria d’Agricultura i Pesca del Govern Balear, 1991), in all 27 Odonata species
have been recorded from the Balearic Islands as a whole. In terms of Menorca, the
Odonata of the temporary pools represent 71.4% of the 21 species that have been
recorded from this island (including doubtful records and considering all habitats).
The number of species recorded at the pools varied from none at La Mola to 12 at
Bassa Verda des Compte (Figure 1). The pool of Cocons de Binissaid had the lowest
species richness (Figure 1).
Distribution of the Odonata of the temporary pools
Three groups of pools could be distinguished according to the species composition
and abundance of the dragonflies present (Figure 2). Bassa Plana and Torrellafuda
could be grouped together due to the low abundance of L. viridis, A. mixta and L.
barbarus, the opposite to the situation at Molinet. Curniola (A and B), Algendar and
Mal Lloc had mainly widespread dragonflies. Despite being the pool with the greatest species richness, at Bassa Verda d’es Compte S. fusca and A. isoceles were the most
important species. Species such as S. fonscolombii, S. meridionale and C. erythraea
were not characteristic of any group of pools since they were found at the majority
of pools; O. coerulescens was only found at Binicodrell and C. scitulum only at Bassa
Plana.
It is worth highlighting the fact that S. fonscolombii and I. elegans (amongst other
species) were grouped together (Figure 2) in an association that was described by
García Avilés et al. (1995) for lentic habitats on Menorca in their study of the Odonata larvae of the Balearic Islands.
Phenology of the Odonata of the temporary pools
The species detected during this study showed four basic phenological patterns (Fig217
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ure 3): (a) spring-only species (3 cases) that appeared before the summer drought
and did not reappear afterwards; (b) autumn-only species (2 cases) that appeared at
the end of summer with the first rains; (c) species with a summer hiatus (3 cases)
that appeared in spring, decreased in numbers in summer and then reached peak
abundances at the end of summer and early autumn; and (d) intermittent species (7
cases) that appeared in spring and were present intermittently through autumn.
It should be noted that if the studied habitat had not been temporary pools, it is
likely that we would only be able to refer to spring or summer species, a classificaTable 1. Species of Odonata found in temporary pools. The abbreviations used in the figures are
given in brackets.

S.O. Anisoptera

S.O. Zygoptera

Aeshna isoceles (Aiso)
Aeshna mixta (Amix)
Anax parthenope (Apar)
Anax imperator (Aimp)
Crocothemis erythraea (Cery)
Orthetrum cancellatum (Ocan)
Orthetrum coerulescens (Ocoe)
Sympetrum fonscolombii (Sfon)
Sympetrum meridionale (Smer)
Sympetrum striolatum (Sstr)

Lestes barbarus ( Lbar)
Lestes viridis (Lvir)
Sympecma fusca (Sfus)
Coenagrion scitulum (Csci)
Ischnura elegans (Iele)

tion that Corbett and Brooks (2008) use to describe the British odonatofauna. This
classification is inappropriate for Menorca for two reasons. Firstly, some species are
summer species in Europe (e.g. I. elegans) but not in the Iberian Peninsula or the
Balearic Islands. Secondly, summer species in Europe include species that belonged
to the summer hiatus and intermittent groups identified on Menorca; in habitats
without oscillations in the hydroperiod those species have similar phenologies (e.g.
S. striolatum). In Europe the category of autumn species does not exist and the list
of species present there does not coincide with those recorded from the Mediterranean.
Nevertheless, the flight periods detected coincide with those described for the
Iberian Peninsula (Lockwood, 2007; Baixeras et al., 2006), although in 2008 it was
notable that some species such as A. mixta, S. striolatum and O. coerulescens were
detected earlier on Menorca than in the Peninsula (M. Lockwood, com. pers.).
It is possible that on Menorca the summer drop in species does not only occur in
Odonata as in the BMS butterfly counts two maxima occur, one in spring and one
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Figure 1. Number of species present at each pool studied.

Figure 2. Correspondence diagram (CA) for Odonata species and temporary pools.
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in autumn, with the latter period often recording more individuals (David Carreras,
com. pers.).
Environmental characterisation of the temporary pools
The studied pools could be divided into three types according to their environmental variables (Figure 4). For example, Armaris and Compte had high conductivity
and salinity, in the case of Armaris due possibly to its proximity to the sea and mix
of waters and in the case of Compte due to its long dry period (high evaporation levels followed by rainfall) (Williams, 2006).
High water temperatures grouped together the small pools. It should be noted that,
in terms of vegetation, low plant cover (for example at La Mola) did not necessarily
Figure 3. Phenology of the 15 Odonata species found at temporary pools. The letter after the
name indicates the type of phenology, as explained in the text.
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mean that the plant communities were botanically uninteresting (Fraga et al., 2008).
Of all the environmental variables measured the least decisive in the differentiation of the pools were wind, environmental temperature and the period of drought.
Curiously, these first two factors are often taken into account when deciding if fieldwork can be carried out (Dijkstra and Lewington, 2006).
It should be highlighted that the groups of pools defined by the environmental
variables did not coincide with the pool typology established by geological and geomorphological classifications (LIFE BASSES Fraga et al., 2007).
Relationship between environmental features and Odonata species richness
Only water temperature (RS = –0.681, p = 0.015, n = 12) and redox potential (RS =
0.607, p = 0.036, n = 12) significantly influenced the Odonata species richness.
Species richness was positively associated with the log of the pools’ surface area (r =
0,658, p = 0,020, n = 12). Temperature, however, was negatively correlated with specific richness, indicating that an excessive increase in temperature may cause larvae
to develop too fast, as it has been shown that when water temperatures increase, larval development accelerates (Corbett and Brooks, 2008). In fact, depending on when
the increase in water temperature occurs (autumn or spring), the phenology of certain species may be affected in subsequent years (Niels and Kalkman, 2008).
No bibliographical reference has been found to explain the correlation between
Figure 4. Ordination diagram (PCA) of the temporary pools in terms of the influence of the
environmental variables.
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the redox potential and species richness suggested by this study.
A good example of the fact that the largest pools have the greatest species richness is shown by the cases of the pools of Compte and Plana (Figure 1).
Assessment of the rarity of the Odonata of temporary pools
Species’ average abundance and the number of pools at which they were detected were
positively correlated (r = 0.542, p = 0.037, n = 12) (Figure 5). Three species (A. imperator, A. mixta and A. isoceles) could be considered as rare on the basis of their abundances and two (O. coerulescens and S. fusca) on the basis of their distribution (Figure
5). C. scitulum was rare in terms of both its abundance and distribution (Figure 5).
It is difficult to compare the rarity of the Odonata of the temporary pools because
most previous works (Ocharan, 1987; Baixeras et al., 2006; Dijkstra and Lewington,
2006; Lockwood, 2007) only classify species on the basis of their distribution. Moreover, there are very few studies in which the rarity of these species is discussed.
It may seem strange to consider some of these species as rare when they are
described as common in the Iberian Peninsula (Dijkstra and Lewington, 2006) or
not included in any list of protected species (Baixeras et al., 2006). The perspective
given by García-Avilés et al. (1995), however, resembles that of the present study.
For example, in this study A. imperator was found to be rare in terms of its abundance, a fact that can be explained by its territorial nature and the significant effects
of interspecific competition (Johnson et al., 1985). The cases of A. mixta and A.
isoceles can be explained because these two species are harder to detect than A.
imperator due to the fact that they spend large amounts of time in wooded areas and
only move to water bodies to reproduce. This may lead to an underestimate of their
numbers. García-Avilés et al. (1995) consider A. mixta to be scarce, but do not even
mention A. isoceles, which may indicate that this species has only begun to reproduce in Menorca in recent years.
García-Avilés et al. (1995) consider O. coerulescens to be scarce and S. fusca to be
common. This discrepancy does not necessarily indicate that the populations of S.
fusca have declined since it is an intermittent species that disperses greatly and
spends a lot of time hidden in the vegetation (Askew, 2004). Both species are widespread the Iberian Peninsula (Baixeras et al., 2006).
C. scitulum, rare in terms of both its abundance and distribution, is considered to
be very rare by García-Avilés et al. (1995), who only found larvae (indicating reproduction) at one site. In this study this species was only found at Bassa Plana in low
numbers.
Despite lacking any protection, this species is considered as Vulnerable in Spain
(Verdú and Galante, 2006): in Catalonia it has only been recorded from 15 sites
(www.oxygastra.org) and from only seven sites in Valencia (Baixeras et al., 2006).
In the Balearic Islands it is considered as a vulnerable species by the Balearic Red
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Figure 5. Relationship between the abundance of a species and the number of pools at which it
was detected. The dotted lines separate the four rarest species on the basis of abundance and
distribution.

Table 2. New records of Odonata from Menorca and possible causes of discrepancies between
previous records and the species found in the present study.
Reference
Ocharan (1987)

Species
C. haemorrhoidalis

Not detected or new records
Not detected

Possible cause
Recorded from different habitats such as
streams and irrigation channels

C. tenellum
E. lindenii
C. coerulescens
A. affinis
Dijkstra & Lewington S. meridionale
(2008)
(2006)
K. Crick

&

New records

Lewington C. scitulum
A. parthenope
C. haemorrhoidalis

Not detected

Recorded from other habitats (streams)

C. tenellum
A. affinis

Data Book (Llista Vermella, 1991).
Finally, we should note that neither A. parthenope nor O. cancellatum were captured
by García-Avilés et al. (1995), who consider S. fonscolombii to be rare and S. striolatum to be the commonest species in the Balearic Islands. The present study has
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shown that this situation has changed for these first two species, while the abundances of the latter two species are now, respectively, common and rare. Likewise,
our study has shown that the classification of L. barbarus and C. erythraea as rare by
García-Avilés et al. (1995) has changed (Figure 5).
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MONITORING CHANGE IN TEMPORARY WETLANDS AND
WATERBIRD COMMUNITIES WITH LARGE SCALE AERIAL SURVEYS
Porter, J.(1) and Kingsford, R.(1)
Abstract
Temporary wetlands are increasingly recognised as critically important sites for
waterbird populations in Australia and worldwide. The presence of highly productive wetlands in desert landscapes attracts highly diverse waterbird communities.
Much of our current understanding of the dynamics of waterbird populations in
Australia has come from the use of large-scale aerial surveys. Waterbird communities are well suited to monitoring changes to freshwater ecosystems, because they are
conspicuous, responsive to ecosystem changes, and can be ordered into functional
groups that allow assessment of changes to different wetland habitats.
In arid areas of the world, temporary wetlands are widespread and display patterns of inundation, drying and fragmentation and are neither seasonal nor annual,
but highly erratic, driven by unpredictable rainfall and river flows. Floods caused by
variable rainfall are followed by droughts that drive enormous expansions and contractions of wetland area. Cooper Creek floodplain in central Australia can support
up to 1,000,000 waterbirds and contain 100,000 km2 of wetland after flooding. These
shallow, productive wetlands shrink rapidly in area during drying to leave a string
of disconnected permanent waterholes along river channels. Such fluctuations in
area and connectivity create the impressive ‘boom and bust’ cycles of abundance and
productivity that are characteristic in temporary wetlands of the arid zone.
Aerial surveys have demonstrated the importance of temporary wetlands for
waterbirds and other large vertebrates and have provided empirical data on distribution, abundance and breeding for conservation and management. Importantly,
long-term temporal data for individual wetlands has provided strong evidence on
values, threats and impacts including water resource development. These data have
influenced wildlife management and wetland conservation, rehabilitation and
restoration policies at a national scale.
Keywords: conservation monitoring, floodplain wetlands, wildlife survey, waterfowl,
arid wetlands
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INTRODUCTION
Vertebrates of temporary wetlands in the southern hemisphere include some of their
most well known and iconic wildlife – waterbirds, mammals, fish, reptiles and
amphibians. Although representing less than 20% of global wetland diversity, vertebrates play a critical functional role in food webs with many top level predators,
ecosystem engineers (Sekercioglu, 2006) and consumers that have become a focus
of conservation and management efforts (Kingsford et al., 2006). Some of the world’s
most spectacular and well known wetlands include large areas of temporary habitat
that periodically support vast numbers of vertebrate fauna – seasonal floodplains
such as the Okavango and Pantanal, desert river systems of the Paroo and Diamantina, freshwater Lake Gregory and saline playas like Lake Eyre (Maher and Braithwaite, 1992; Kingsford and Porter, 1993; Halse et al., 1998; Herremans, 1999; Kingsford and Porter, 1999; Junk et al., 2006). Until recently, the true extent and
biodiversity of arid temporary wetlands in Australia was not widely recognised, with
most research focused in more mesic areas close to population centres (Kingsford,
1995). Improved remote sensing imagery, thematic mapping (Kingsford et al., 1994)
and broad scale wildlife surveys in remote areas (Gehrke and Harris, 2000; Kingsford and Porter, 2009) have highlighted the extent of temporary wetlands in arid
Australia and their importance for vertebrate communities.
Biomass and productivity of vertebrate communities in these habitats depend
directly upon these variable flood pulses, which has been well documented for
amphibians, fish, mammals and waterbirds (Ruello, 1976; Trolle, 2003; Kingsford et
al., 1999; Balcombe and Arthington, 2009). Vertebrate strategies for dealing with
unpredictable habitat can be divided into two types – avoidance and persistence.
Most vertebrates species are avoiders, dispersing to more suitable habitat when conditions demand, but a few species of fish and frogs are capable of persisting by burying themselves deep underground when water is virtually absent (Withers, 1995;
Kingsford et al., 2006). Waterbirds are well known for their long distance dispersal
movements and ability to rapidly locate and exploit temporary wetland habitats (Burbidge and Fuller, 1982; Lawler and Briggs, 1991; Figuerola and Green, 2002).
Of vertebrate fauna groups, research on waterbirds has the longest history, primarily driven by the imperative to manage recreational hunting of populations of
waterfowl or wildfowl (Anatidae, ducks, geese and swans). More recently, the focus
has shifted to the potential of waterbird surveys to monitor anthropogenic impacts
on freshwater ecosystems. As pressure on water resources and demands for irrigation and water resource development have increased, so has the need for empirical
data and evidence to underpin wildlife management actions and conservation initiatives at regional, national and global scales (Pereira and Cooper, 2006).
Birds exhibit the most diverse range of ecological functions among vertebrates.
Although mammals have comparable roles, birds have twice as many taxa, ten times
230

International Conference on Mediterranean Temporary Ponds

more flying species and are more resilient to extinction (Sekercioglu, 2006). Waterbird communities can be divided into broad foraging guilds (ecologically similar
functional groups) to infer changes in aquatic food web resources (e.g. picivores, herbivores; Kingsford et al., 2004b). Waterbirds are capable of long distance movement
to act as seed and propagule dispersers and provide biotic linkages among hydrologically fragmented habitats in a way that probably affects more species than any
other group (Sekercioglu, 2006). They are also readily identifiable, highly visible and
responsive to changes in wetland condition, qualities that increase their utility as
indicators of wetland condition (Adamus et al., 2001; Gregory et al., 2003).
MONITORING WATERBIRDS
Aerial surveys are a widely used and effective way of estimating the distribution and
abundance of waterbirds because large areas can be covered at a relatively low cost
(Kingsford and Porter, 2009). They provide a standardised, repeatable method that
enables waterbird data to be collected and used for spatial and temporal comparisons
while maximising coverage and minimising costs (Kingsford and Porter, 2009). They
have been used in broad scale surveys since the early 1960’s to collect waterbird data
in the USA, Sweden, Tanzania, Mexico and Spain. Because of their rapidity, aerial
counts are generally less accurate and precise than ground surveys but overall maintain reasonable agreement with ground counts in numbers of species and abundance
(Kingsford, 1999; Kingsford et al., 2008; Kingsford and Porter, 2009). Aerial surveys
are able to distinguish among different waterbird communities in terms of species
richness, abundance and assemblages as well as ground survey techniques (Kingsford et al., 2008). Within Australia, the longest running and most extensive program
is the Eastern Australian Waterbird Survey, sampling about a third of the continent
(Braithwaite et al., 1985; Fig. 1).
After 26 years, the survey remains one of Australia’s longest and extensive wildlife
surveys ranging over a large expanse of the continent. It has assisted in the management of recreational duck hunting; provided evidence for the conservation importance of inland wetlands; influenced river protection and environmental flow policies; provided population estimates of up to 50 waterbird taxa across eastern
Australia; and contributed to understanding the dynamic use of wetland habitat. Aerial surveys of waterbirds are logistically difficult to plan with specific flying requirements and trained expertise in the identification and estimation of abundance of
waterbirds, particularly in multispecies aggregations (Kingsford and Porter, 2009).
AIMS
Globally there is increased awareness of the costs of biodiversity losses and the need
for improved monitoring that includes consideration of species, communities, habitats and their threats (Pereira and Cooper, 2006). This paper examines the impor231
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tance of temporary wetlands to waterbird communities in arid Australia and examines some long term trends using data from the Eastern Australian Waterbird Survey program
HABITATS
The Australian arid zone occupies 70% of the continent and is defined by low annual rainfall ( < 500 mm), high summer temperatures, and scarcity of surface water, yet
it can at times contain extensive rivers, floodplains and wetland habitats (StaffordSmith and Morton, 1990). Freshwater and saline temporary wetlands are widespread
and display patterns of inundation, drying and fragmentation and are neither seasonal nor annual, but highly erratic, driven by unpredictable rainfall and river flows
(Roshier et al., 2001). Saline lakes are common and floods caused by variable rainfall are followed by droughts that drive enormous expansions and contractions of
wetland area. Variable flooding and drying patterns are a hallmark of arid temporary wetlands, especially those dependent on dryland river flows, where expansion
and contraction of habitat occurs over wide spatial and temporal scales. Cooper
Creek floodplain in central Australia can contain up to 100,000 km2 of wetland after
flooding, which shrinks rapidly in area during drying to leave a string of disconnected permanent waterholes (Kingsford et al., 1998; Kingsford et al.,1999a). The
area of wetlands on the floodplains of the Hedejia-Jama’are Basin (also known as the
Hadijia-Nguru wetlands – Lemly et al., 2000) in arid Nigeria can expand by a factor
of 480 after flooding (Tockner and Stanford, 2002). Temporal variability is similarly large, where even 50 years of flow data may not be representative for dryland rivers
like the Murray-Darling (Walker et al., 1997; Puckridge et al., 1998). Such fluctuations in area and connectivity create the impressive ‘boom and bust’ cycles of abundance and productivity that are characteristic in many arid temporary wetlands.
METHODS
Each October, waterbirds were counted as part of The Eastern Australian Waterbird
Survey across eastern Australia (380 30’S–200 30’S) between 1983 and 2008; methodology remained unaltered throughout this period (Kingsford and Porter, 2009). Surveys were flown along ten 30km-wide survey bands (Fig. 1). The survey bands cover
12% (332,360 km2) of eastern Australia (2,697,000 km2). All wetlands larger than
1ha were surveyed within each band and given a unique number. Smaller wetlands
were counted on an ad hoc basis and identified by their latitude and longitude
(Kingsford and Porter, 2009). Wetlands were surveyed from a high-winged aircraft
(Cessna, 206) with one observer on each side of the plane estimating the number of
shorebirds using digital audio recorders. The aircraft was flown at 167 km/h_1 at a
height of 30–45m within 150m of the shoreline, where waterbirds usually congregate (Kingsford and Porter, 1994). Either the whole wetland was circumnavigated or
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a proportion of the wetland (>50%) counted. Counts were totalled for each observer to give either a total count or a proportional count for the wetland. Counts on proportions of wetlands were extrapolated to give an index of total shorebird numbers
for the whole wetland. The proportion of the wetland filled with water was also estimated each year, which was used to calculate changes in wetland area over time.
RESULTS AND DISCUSSION
Importance of inland Australia’s wetlands
Over the aerial survey period 1983-2007, a mean of 811.5 (±214.73 SD, n=25) wetlands were surveyed annually, with the number primarily dependent on the extent
of rainfall and flooding. Waterbirds were strongly clumped in their distribution – on
average, about 80% of all waterbirds were aggregated on 30 of the wetlands surveyed
each year (3.7% of all wetlands) (Fig. 2a). Even fewer wetlands supported breeding
birds (Fig. 2b). Data from 25 years of surveys allowed ranking of important wetlands
within the area surveyed where most waterbirds have aggregated each year in terms
of abundance and species diversity (Table 1). This provides a quantitative assessment
of conservation importance in terms of waterbirds. The majority (85%) of important wetlands identified were temporary wetlands (or partly comprised of temporary wetland). Saline wetlands were also important, with the three highest ranked
wetlands all saline temporary (Table 1).
Composition and abundance data from the eastern Australian aerial survey clearly demonstrates the importance of temporary wetlands and the rivers on which they
rely (Kingsford and Porter, 1993; Kingsford and Halse, 1998; Kingsford and Porter,
1994; Halse et al., 1998; Kingsford et al., 1999a). In addition, understanding of the
extent of temporary wetland habitat in inland areas (Roshier et al., 2001a) and their
use by waterbirds (Roshier et al., 2001b; 2002) has increased considerably. Waterbirds are capable of long distance and varied movements across inland wetland habitats (Roshier et al., 2008a, b). There is considerable potential to investigate how individual waterbird species respond to ecological processes or habitat distribution,
availability, and structure using the collected aerial survey data and increasing availability of habitat data (Kingsford et al., 2004a). Understanding the conservation
importance of inland temporary wetlands for waterbirds has had policy implications
for the management of the rivers that supply them. For example, the wetlands of
Cooper Creek and the Paroo River were identified for their waterbird values in water
policy discussions about the future of these rivers and proposed extraction of water
for irrigation (Kingsford et al., 1998).
Changes in abundance
Over the first ten years of the survey (1983-1992), abundances of 16 different species
of waterbirds were variously related to rainfall (inside and outside the survey area),
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the Southern Oscillation Index and wetland area at different lags (Kingsford et al.
1999b). Rainfall and associated flooding are important the predominant drivers for
waterbird populations, creating habitats in which many species can breed and recruit
Table 1. Listing of 20 highest ranked wetlands by mean (±SE) abundance of waterbirds, (19832007) from aerial survey of waterbirds in eastern Australia.
a
P = permanent, holds water >75% of time; T= temporary, holds water < 25% of time (Porter
et al. 2007); S=Saline >3 g l–1 TDS; F=Fresh < 3 g l–1 TDS (Williams 1998a); some wetland complexes were a mix of two wetland types
b
Number of years of survey data; wetlands with <25 were dry in some years
Wetland (type/s) a

nb

Mean
abundance
17
120470
6
63144
3
49918
25
48200

Lake Galilee (ST)
Lake Torquinie (ST)
Lake Eyre (ST)
Lowbidgee (FT + FP)
Coorong and dune swamps
(SP+FT)
24
Cooper Creek (FT)
13
Mulligan River dunefields (FT) 1
Mumbleberry Lake (ST)
7
Lake Hope (ST)
12
Menindee Lakes (FP)
22
Cuttaburra Channels (FT)
12
Paroo Overflow (FT+FP)
24
Lake Moondarra (FP)
25
Tallywalka Creek (FT)
12
Macquarie Marshes (FP)
25
Darling River (FT+FT)
25
Werewilka Creek wetlands (FT) 6
Lake Phillippi (ST)
2
Coolmunda Dam (FP)
24
Copi Plains (ST)
21

46979
45601
39280
33236
21343
21099
19062
17947
12446
12169
10103
7046
6868
5810
4153
4114

SE

Latitude

Longitude

86191
9355
36222
10278

Area
(ha)
14845
2417
203021
102535

22029’04”
24033’26”
28022’00”
34022’00”

145046’13”
138037’49”
137020’59”
143024’00”

20257
9029
13341
7376
7374
11217
4123
2190
5289
3773
5538
5604
2680
810
2008

32636
5634
50
1292
3164
25713
15293
27995
1715
13078
8486
75509
223
16086
1640
9245

36022’00”
28022’00”
24031’46”
24028’35”
28023’37”
32022’00”
30022’00”
30022’00”
20035’01”
32022’00”
30022’00”
30033’51”
28033’02”
24024’31”
28025’43”
34024’47”

139044’00”
137040’00”
138052’48”
138039’24”
139018’56”
141054’00”
144024’00”
143037’00”
139032’55”
143000’00”
147030’00”
145001’08”
144016’06”
138058’41”
151013’33”
140052’49”

(see review in Kingsford and Norman 2002). Overall survey results (Fig. 3) show
four important measures of waterbirds or habitat decline, significant over time.
Numbers of waterbirds estimated declined over time (1983-2007) (R2=0.477,
p<0.001, n=25, 4th root transformed, Fig. 3a) as did wetland area index (R2=0.292,
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p=0.005 n=25, 4th root transformed, Fig. 3b), breeding index (R2=0.292, p=0.005
n=25, 4th root transformed, Fig. 3c), and number of species breeding (R2=0.506,
p<0.001, n=25, 4th root transformed, Fig. 3d).
Figure 1. Location and coverage of Eastern Australian Waterbird Survey transects (30km wide)
and key to important wetlands from W-E, by band. Arid zone (<500mm annual rainfall) is
shaded.
10 Lake Moondarra, Cloncurry River, Flinders River, Campaspe R, Burdekin R
9 Georgina R, Eyre Ck, Hamilton R, Diamantina R, Lake Galilee, Styx R
8 Mumbleberry-Torquinnie Lakes, Eyre Ck, Diamantina R, Thomson R,
Barcoo R, various small coastal wetlands
7 Goyder Lagoon, Lake Yamma Yamma, Cooper Ck, Bulloo R, Paroo R, Warrego R
6 Lake Eyre, Lake Hope, Bulloo R, Paroo R, Warrego R, Balonne R,
5 Lake Frome, Paroo O’flow, Darling R, Macquarie Marshes
4 Menindee Lakes, Talywalka Lakes, Myall Lakes
3 Murray River Lakes, Lowbidgee Swamp
2 Coorong, Cooper + Mokoan Lakes, Cooma-Monaro
1 Curdies Inlet, Jack Smith Lake
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Figure 2. (a) Mean (±se, n=25) cumulative percentage abundance and (b) breeding index versus abundance rank (within years) of the 50 highest ranked wetlands each year over the 25 years
of the survey of waterbirds in eastern Australia, 1983-2007.
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Figure 3. Annual estimates of (a) total waterbird abundance (more than 50 taxa), (b) wetland
area index, (c) breeding abundance index, and (d) breeding species richness from the eastern
Australian aerial surveys of waterbirds (1983-2007).

There have been few analyses of trends and patterns of abundance for individual
species (Braithwaite et al., 1986; Kingsford et al.,1999b) or taxonomic groups (Nebel
et al., 2008) for different periods of the survey. These have further shown that even
for these groups, there are a few major wetlands where most of the population for a
species occur. The migratory shorebird population was predominantly found to use
20 wetlands, most of which were in inland Australia (Nebel et al., 2008). Pink-eared
duck Malacorhynchus membranceus are highly nomadic with much of the population occurring on a few wetlands but the actual wetland varying each year (Kingsford, 1996). As well as estimates of trends in the number of a species estimated across
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all or some survey bands, it is also possible to estimate populations of species based
on the ten sample survey bands of the entire area, using methods for unequally sized
transects (bands) (Caughley 1977). For example, mean populations of small migratory shorebirds varied between 24,954 ± 12,062se in the 1980’s to 6,683 ± 1,190se in
the 2000’s, a decline of 65% over the 25 years of the survey (Nebel et al., 2008). There
remains considerable potential to investigate changing estimates of abundance for
different species, including rare and endangered species, a focus of legislation and
policy within government.
Conclusions
Aerial surveys of waterbirds remain the only practicable way of answering the range of
questions relevant to wildlife management and conservation (Caughley, 1977). These
range from those focused on individual species to relative value of freshwater ecosystems for waterbirds and effects of anthropogenic impacts. For many waterbird populations, aerial surveys are proving the only way to collect on waterbird populations over
large areas at a relatively low cost (Kingsford, 1999). Caughley (1977) summed it up:
while the aerial survey “...estimate is usually inaccurate and often imprecise it answers
a broad range of ecological questions to an acceptable level of approximation” (Caughley, 1977). Major changes have occurred in the composition of waterbird communities
on some wetlands over time. An effect of size of 80% decline in waterbird abundance
(Kingsford and Thomas, 2004) is so large that it swamps intractable visibility bias. Even
for largely naturally functioning wetlands, there were orders of magnitude changes in
the abundance of entire waterbird assemblages and individual species that subsumed
the errors in the technique (Kingsford, 1999).
Once aerial surveys become the preferred method for data collection, sampling
methodology and number of species need to be decided upon. Surveys of entire
assemblages of waterbirds on discrete wetlands have provided sufficient information
to track significant changes in waterbird communities over time (Kingsford and
Porter, 1993, 1994; Kingsford, et al. 1999b), individual waterbird species (Roshier et
al., 2002), and groups of species (Nebel et al., 2008). The decision about single (or a
few) or multiple species surveys inevitably depends on the objectives of the survey.
There is probably increased visibility error with increasing number of species counted and area of wetland. But as waterbirds usually congregate in multi-species assemblages, there are advantages in collecting data on the suite of species (Nicholson et
al., 2009). Also, given the number of different waterbird species (>50), abundances
of some species may track environmental changes better than others. Tracking waterbird communities over time may assist in environmental flow management or
detecting effects of climate change. Surveying an entire wetland more than once
(Kingsford, 1999) also allows measurement of visibility error relative to changes over
time and space. Further, data from the Eastern Australian Waterbird Survey indicate
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that most waterbirds collect on a relatively small sample of wetlands (Fig. 2; Table 1).
We surveyed about 12% of a third of the continent and found that 30 wetlands had
80% of the waterbirds. Extrapolating, there may be an estimated 250 wetlands within eastern Australia with the majority of waterbirds, or potentially an estimated 825
wetlands at the continental scale if the pattern is consistent across the continent.
The dilemma in choosing between systematic or random sampling and the
potential biases (Caughley, 1977) was resolved early for the Eastern Australian
Waterbird Survey primarily because of the logistic challenge. This produced longterm data for individual wetlands that effectively demonstrated significant anthropogenic changes to rivers and wetlands – an unexpected outcome of the aerial survey and not one of its original objectives. If monitoring objectives are about
ecosystem change for the suite of organisms dependent on wetlands, then long term
data for particular wetlands is essential to demonstrate ecological degradation
(Kingsford and Thomas, 1995, 2004). Demonstrating effectiveness of aerial surveys
is essential for funding continuity. Funding cycles for research are generally short (3
years) and do not lend themselves well to a long-term program such as the eastern
Australian aerial survey. Initial enthusiasm for this survey guaranteed funding for
the first ten years but the following ten were more problematic, with diminishing
resources for conservation agencies. The eastern Australian aerial survey was also a
program that was collaborative across independent state conservation agencies and
vulnerable. Today, the program is high profile, largely through its success in demonstrating that anthropogenic change can be measured for wetlands using waterbird
data and one state, New South Wales, has built it into a large program of environmental monitoring and assessment. Emphasising the importance of aerial surveys
of waterbirds, the Australian government provided funding in 2008 to test the possibility of surveying all major wetlands for waterbirds in Australia, largely in relation
to the management of rivers and dependent wetlands. Such an assessment would
provide a continental assessment for the distribution and abundance of waterbirds
across the continent.
Monitoring waterbirds and aquatic ecosystem health will continue to be an
important conservation and management pursuit. There is considerable worldwide
focus on the monitoring of waterbird and other fauna populations for a range of
objectives (Stem et al., 2005; Nichols and Williams, 2006), but often there are few
details of the methodologies or errors of estimating waterbird populations (Collen
et al., 2008). Better understanding of the scale of measurement and sampling error,
relative to effect size should be the focus. Waterbirds can provide information on
conservation importance, understanding of ecological processes, and also track
potential impacts of water resource development and other anthropogenic impacts.
Extending aerial surveys to the entire waterbird assemblage and ensuring that the
focus for survey is the wetland provides considerable potential to answer the range
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of possible questions essential not just in the management of this group of organisms, but the entire freshwater ecosystem. Given the increasing demand on freshwater resources and increasing climate change effects, some measure of their potential impacts on these rich ecosystems is essential. Aerial surveys of waterbirds are a
rapid, efficient way of collecting large amounts of data over extensive areas and monitoring freshwater ecosystem changes.
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WHY A SYSTEM OF HETEROGENOUS TEMPORARY PONDS FAVOURS
AMPHIBIAN COMMUNITIES? AMPHIBIANS IN DOÑANA NATIONAL
PARK, AN EXAMPLE OF PRESERVED BREEDING HABITATS
Díaz-Paniagua, C.(1), Gómez-Rodríguez, C. (1),
Portheault, A. (1) and Florencio, M.(1)
Abstract
Currently, amphibians are experiencing a global decline and the conservation of
their breeding habitats is a priority task to preserve the stability of their populations. Temporary ponds are the main breeding sites of 8 of the 11 amphibian
species in Doñana National Park (SW Spain). We have recorded data about amphibian reproduction in Doñana from 1979-1986 and 2001-2007. Their breeding
success is related to the characteristics of the aquatic habitats in which they develop. In this area there are a high number of temporary ponds with different extension and duration, which also experience a wide interannual variation. We
detected that the same ponds were not used by the same amphibian species every
year. In wet years when ponds may persist longer than 6 months, species of long
larval development are favoured. In contrast, these species do not successfully
breed in years of scarce rainfall, when species of short larval development are
mainly favoured. In a large temporal series, different species have been alternatively favoured, and the characteristic heterogeneity of this system of ponds allows for the conservation of all pond breeding species of the amphibian
community of this area.
Keywords: Doñana, temporary ponds, amphibians, breeding habitats, conservation
INTRODUCTION
Habitat loss is presently one of the main causes of global amphibian decline (Alford and Richards, 1999) and many efforts for conservation of amphibian species
are focusing on the conservation or restoration of their breeding habitats. Most
temperate species of amphibians are temporary pond breeders, as their eggs and
larvae are vulnerable to many aquatic predators that are usually absent in temporary ponds (Wellborn et al., 1996; Wells, 2007). However, the conservation of these
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habitats has been neglected for many years, mainly because of their small size and
their temporary nature, being frequently destroyed by human action (Williams et
al., 2001; Grillas et al., 2004; Williams, 2006; Zacharias et al., 2007). At present, natural temporary ponds are not abundant in Europe, while many amphibians usually breed in temporary waters of artificial origin, such as agricultural or livestock
watering ponds, mining pits, etc. (Beja and Alcazar, 2003; Denoël, 2004; Jakob et
al., 2003).
In Doñana National Park, there are 11 species of amphibians, eight out of which
require temporary ponds for breeding. The larvae of these species differ in their
development length, growth and feeding, with different reproductive success depending on the characteristics of the aquatic habitats in which they develop (DiazPaniagua, 1988). The reproduction of the amphibian species is temporally
segregated; with early species (Pelobates cultripes, Pleurodeles waltl and Pelodytes
ibericus) starting to breed immediately after ponds fill, while others (Hyla meridionalis, Triturus pygmaeus, Lissotriton boscai, Bufo calamita, Bufo bufo, Discoglossus galganoi) start in late winter, avoiding the coldest temperatures, and one species
(Pelophylax perezi) is characterized by its late reproduction (Díaz-Paniagua, 1988;
1992). Also, species differ in the length of their larval phase, and therefore in the
minimum requirements of duration for their breeding habitats, as species with
short larval phases may successfully breed in short duration ponds, where species
with long larval development may not complete their metamorphosis (Díaz-Paniagua, 1990).
In this study we aim to evidence the inter-annual differences in amphibian reproduction in relation to the variation observed in pond characteristics, such as
hydroperiod and date of filling. For this purpose we have selected three amphibian species with different breeding traits. Pelobates cultripes is an early breeder
with a long larval development; Hyla meridionalis usually starts breeding in winter and have a long egg laying period with a larval development of about 2-3
months, although it may be present in the ponds up to 3-5 months; Bufo calamita
is a winter explosive breeder with a short larval development that may be completed in ponds of short hydroperiod (Díaz-Paniagua et al., 2005).
METHODS
Doñana National Park is located in southwestern Spain, around the mouth of the
Guadalquivir River and the Atlantic Ocean. Two main types of geomorphological
areas may be considered in this park (after Siljeström et al., 1994): an extensive
marsh of clayed substrate seasonally flooded, and the aeolian sands area, in which
a high number of temporary ponds (more than 3000 ponds in very rainy years)
are formed from autumn-winter to summer. The physico-chemical characteristics of these temporary ponds have been described in detail in Gómez-Rodríguez
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et al. (2009, in press). These ponds show a wide spatial and temporal variation in
hydroperiod (duration of annual flooding) and surface area. Values of pH ranged
5.7-9.3 and electrical conductivity from 58-4180 µS cm-1, with Cl- and Na+ as
dominant cations (Gómez-Rodríguez et al., 2009, in press). The climate of the area
is Mediterranean with Atlantic influence, with hot and dry summers and mild
winters. Average annual rainfall (estimated from a meteorological station located
in the centre of the Park from 1978 to 2008 was 542.1 (+215.2) mm, considering
an annual hydrological cycle (year) from September to August. Ponds are usually
filled after the first heavy rains, which occurred in 57.1% of the years in autumn,
and 42.9% years in winter. Exceptionally dry years with no filling of temporary
ponds have been observed in recent years (1998-9, 2004-5). Annually, pond drying usually occurs from late May to July or August, although in very wet years,
some large ponds may persist in summer. Within each particular year, most ponds
are filled in the same month, but their duration (hydroperiod) may differ depending in their depth and extension, and their hydrological regime. The value of
hydroperiod included in this study corresponds to the longer pond hydroperiod
recorded every study year.
We have recorded data about amphibian reproduction in Doñana from 1979
to 1986 and from 2001 to 2007. We intensively sampled for eggs, larvae or adults
in courtship in different types of temporary ponds every study year, and also performed monthly samples with a dipnet to detect larval abundance and successful
reproduction of each species. For eight ponds, we estimated the number of amphibian species breeding each year, and calculated the proportion of years in which
each species bred in each pond in relation to the number of years a pond was
prospected.
We analyzed the variation in the date of filling of the ponds and in the date
when we observed the first sign of reproduction (breeding onset) of three amphibian species, transforming these dates as the number of days counted from
September 1st (the start of each hydrological cycle). The length of the larval period
was estimated as the difference between the dates in which we observed the last
larvae and the first dates in which we observed egg laying. Spearman correlations
were performed among these variables and rainfall data, as well as with pond filling dates and hydroperiod. Anovas were performed to detect differences among
larval period and breeding onset dates, using annual and autumn rainfall as grouping variable. (Annual rainfall< 360mm: dry years; 400-650mm annual rainfall: average years; annual rainfall >700mm: wet years. Autumn rainfall<170mm: dry
autumn years; 170-370mm autumn rainfall: average autumn years; autumn rainfall>390mm: wet autumn years).
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RESULTS
Inter-annual differences in time of filling and duration of the ponds may have a
great influence on the favourability of breeding habitats for particular species. Figure 1 shows the variation of hydroperiod in 13 different years, among which there
was a very dry year with no pond formation in which we did not detect reproduction of amphibians. Pond hydroperiod was positively correlated with annual
rainfall, and especially with autumn rainfall. The date of pond filling was significantly and negatively correlated with autumn and total annual rainfall (Table 1).
Table 1. Values of Spearman correlation coefficients between the dates of pond filling and hydroperiod versus the total annual rainfall and autumn rainfall; and between the dates of breeding onset and duration of larval period in the three amphibian species with the same previous
rainfall variables, and the date of pond filling. (*: p<0.05;**: p<0.005, ***: p<0.0005)
Annual Rainfall
POND

Autumn Rainfall

Filling

Hydroperiod

Filling

Hydroperiod

-0.636*

0.663*

-0.772**

0.765**

Breeding onset Larval period

Breeding onset Larval period

Date of Pond filling
Breeding onset Larval period
Breeding onset Larval period

P. cultripes

-0,762**

0,764**

-0,832**

0,819**

0,902***

-0,866**

B. calamita

-0,864**

0,876***

-0,682*

0,821**

0,678*

-0,788**

H. meridionalis

-0,595*

0,652*

-0,736**

0,821*

0,865***

-0,720*

Figure 1. Pond hydroperiod and length of the larval period of three amphibian species with
different reproductive traits in 13 different years (Pelobates cultripes, a species with long larval development; Hyla meridionalis, a winter and spring breeder with intermediate larval development; Bufo calamita, a winter and spring breeding species with short larval
development).
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Winter and spring rainfall did not correlate with any of these variables. Figure 1
shows a wide variation in the date of pond filling, even among the wettest years,
when ponds were filled in October (2008), January (2001) or November (2002), as
well as in years with average rainfall. These differences have important implications on the structure of amphibian assemblages in ponds, as only in years with
early pond filling, those early breeding species may segregate their initial larval
phases from other species, while in years of late pond filling, most species start
breeding simultaneously, thus increasing interspecific interactions (Díaz-Paniagua, 1988). Figure 1 shows the length of larval period in three different species,
one early breeder (P. cultripes), and two intermediate breeders (B. calamita, H.
meridionalis). There were important differences among the three species in the
length of their larval period (F2,34=3.438, p=0.044) and in the date of breeding
onset (F2,32 =3.771, p=0.034). For the three species, annual and autumn rainfall
was negatively correlated with breeding onset and positively with the length of the
larval season (Table 1, Fig. 2). The early breeder, P. cultripes, bred significantly earFigure 2. Relationships of the dates of Breeding onset and of the larval period length of the
three amphibians species with Autumn rainfall of the study years.

lier in years of highest autumn rainfall, and we found significant differences among
years of different autumn rainfall although differences were not significant among
years of different annual rainfall (Table 2). The length of the larval period differed
among years of different autumn and annual rainfall (Table 2).
Of the intermediate breeders, only H. meridionalis bred significantly earlier in
relation with higher autumn rainfall, but it was not detected in relation to annual
rainfall. In contrast, B. calamita did not differ in relation to autumn rainfall, and
their reproduction was not detected in years of low rainfall, although it bred earlier and had longer larval period in average years than in wet years. This variation
in the length of the larval period of these species and in pond hydroperiods in 13
different years is shown in Figure 1. In very rainy years with long hydroperiod, P.
cultripes had a long larval period (1987-88, 1984-85, 1983-84, 2006-07, 2002-03,
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Table 2. Results of ANOVA for comparisons of dates of breeding onset and larval period
length of three amphibian species among years of different annual and autumn rainfall.
Breeding onset
Autumn Rainfall

Annual Rainfall

P. cultripes

F 2,8 =10.807, p=0.005

F2,9=3.0696, p=0.096

B. calamita

F2,7=1.633, p=0.262
F2,8 =6.239, p=0.023

F1,9 =10.964, p=0.009

H. meridionalis

F2,9=2.806, p=0.113

Larval period length
Autumn Rainfall
P. cultripes

Annual Rainfall

B. calamita

F2,9=14.693, p=,00146
F2,7=1.973, p=0.209

F2,10 =4.671, p=0.037
F2,8 =8.101, p=0.019

H. meridionalis

F2,9=3.679, p=0.067

F2,10=4.061, p=0.052

2003-04) contrasting with years in which pond filling was delayed to winter
months, when P. cultripes larval development was notably shorter (1987-87, 198586, 1979-80, 2005-06, 2000-01). In 1987-88,1984-85, 2000-01 and 2006-07 we also
detected long larval period of B. calamita, and H. meridionalis. An exceptionally
dry year was 2004-05, in which we did not detect amphibian reproduction in temporary ponds.
The prospection of ponds in different years evidenced that the number of
species present in a pond differed from year-to-year, as shown for eight ponds of
different annual hydroperiod (Fig. 3). The number of years that each amphibian
species bred in the same pond was different among ponds, although some species
were the most frequent (H. meridionalis and T. pygmaeus), appearing in most
ponds and most years, others appeared all the prospected years only in particular
ponds and with less frequency in other ponds (P. cultripes and P. waltl), and others showed a wide inter-annual variation (Fig. 4).
DISCUSSION
Amphibians in Doñana breed in a wide range of ponds, which reduces species interactions (Díaz-Paniagua, 1990). The high number of ponds of different extension and duration warrant the availability of breeding sites for amphibians in this
area (Fortuna et al., 2006; Gómez-Rodriguez et al., 2009, in press). Temporal segregation mainly observed in wet years also decreases competition among species
using the same pond (Díaz-Paniagua, 1988). In this study we evidence that in wet
years, when temporary ponds have a long hydroperiod, species of long larval development are favoured, while in years of scarce rainfall, when many ponds may
not be flooded for more than 3-4 months, species of short larval development may
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Figure 3.- Number of species detected every prospection year in eight ponds with different hydroperiod (sh1 and sh2: ponds of short hydroperiod; int1 and int2: ponds of intermediate
hydroperiod; L1 and L2: ponds with long hydroperiod; VL: pond with very long hydroperiod).

Figure 4.- Proportion of the number of years that every species was observed breeding in
eight temporary ponds in relation to the total number of years that each pond was prospected.
Mean and standard deviation of these values are represented above. (sh1 and sh2: ponds of

complete their metamorphosis, while long larval periods may not be completed.
In a large temporal series, different species have been alternatively favoured. This
alternation of successfully breeding species and the characteristic heterogeneity
of the system of ponds allow the conservation of all pond breeding species of the
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amphibian community of this area (Gómez-Rodríguez, 2009).
The temporal dynamism is characteristic of amphibian communities (see e.g.
Hecnar and M’Closkey, 1996; Skelly et al., 1999; Trenham et al., 2003; Werner et
al., 2007) in which different species are alternatively favoured and important fluctuations of species´ numbers are detected from year-to-year, contributing to the
stability of the whole amphibian community (Semlitsch, 2003). The conservation
policy or management plans especially directed to amphibian species may take
into account this dynamism, which requires the availability of a wide range of
breeding habitats to support successful reproduction in a long term period, including both wet and dry years. In this context Doñana National Park constitutes
an example for amphibian conservation, as this area includes a large number of
heterogeneous ponds that have favoured the reproduction of all their amphibian
species in the medium term (Gómez-Rodríguez, 2009). In fact, habitat preservation for amphibian conservation should be directed to the protection of areas with
a wide number of habitats of different dimensions and hydroperiods and not only
to particular ponds.
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TEMPORARY PONDS AS TOOLS FOR IMPROVING AMPHIBIAN
CONSERVATION IN MEDITERRANEAN MOUNTAIN SYSTEMS
Robledano, F., Zapata, V., Jiménez, M.V. and Farinós, P.(1)
Abstract
In Mediterranean mountain ranges, amphibians often concentrate in lowland
anthropogenic habitats and artificial breeding sites, located outside protected areas
(mountain core areas) and are threatened by urban or agricultural reclamation. An
assessment of the conservation status of Common and Natterjack Toads (Bufo bufo
and B. calamita) in the Carrascoy Mountain Range (Murcia, SE Spain), revealed as
main threats the lack of breeding success inside protected areas and the destruction
of breeding sites outside them. This instigated the creation of temporary ponds inside
the Majal Blanco City Park, in order to provide alternative breeding sites and to
improve adult survival. This has primarily benefited the Common Toad, which in
2008 colonised a pond and successfully bred inside the Park for the first time since
2003. We believe that a network of ponds, properly managed, could be used to
enlarge the distribution of the two species along the mountain gradient, lowering the
risk of isolation and local extinction of their populations.
Keywords: mountain systems, elevational gradients, amphibians, temporary ponds,
conservation
INTRODUCTION
In Mediterranean mountain ranges, changes in land use and water management have
pushed amphibian populations to concentrate in marginal, short sections of altitudinal gradients. Abandonment of traditional water collection and storage systems,
groundwater overexploitation and secondary forest growth severely unbalance the
distribution of water in the landscape towards lowland areas. As a consequence,
amphibians take refuge in lowland anthropogenic habitats (orchards, gardens,
unploughed fields) and artificial breeding sites (active or derelict irrigation structures, ornamental waters). These usually fall outside protected areas (mountain core
areas) and represent active tension zones threatened by urban or agricultural reclamation. An assessment of the conservation status of Common and Natterjack Toads
(Bufo bufo and B. calamita) in the Carrascoy Mountain Range (Murcia, SE Spain),
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based on seven years of regular surveys, revealed as main threats the lack of breeding success inside protected areas and the destruction of breeding sites outside them.
This instigated the creation of temporary ponds inside the Majal Blanco City Park,
in order to provide alternative breeding sites and to improve adult survival.
STUDY AREA
The study area is the Carrascoy Mountain Range, a pre-littoral Mediterranean mountain system close to the city of Murcia (Figure 1). It represents the southern limit of
the Guadalentín River valley, and the natural border between it and the coastal plain
of the Campo de Cartagena. Its maximum height is 1,066m above sea level.
Our study area is a section of the North-facing slope of Carrascoy range, extendFigure 1. Location of the Carrascoy Mountain Range, showing the limits of the different protected areas overlapping in this mountain system: Majal Blanco City Park (solid line); El Valle
and Carrascoy Regional Park (dashed line); Site of Community importance (thick grey line).
The shaded area represents the area surveyed during the period, 2003-2009. The regional distribution of the two Bufo species studied (in 10 x 10 UTM squares) is also shown.
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ing between 85 and 600 m a.s.l. This area includes the Majal Blanco City Park (Figures 1 and 4), owned and managed by the Municipality of Murcia, with a total surface area of 892 hectares. This Park was created after the compulsory cession to the
city of a forest estate, as a part of a residential development project (Torreguil Urbanization). The lower reaches of the City Park are juxtaposed with this urbanization,
while the upper sections belong to a Regional Park and a Site of Community importance (proposed to be included in NATURA 2000 Network) which overlap in the
core mountain area.
BACKGROUND
Changes in land use and water management
We can characterise the change in land use and water management in these mountain landscapes through the historical sequence of land reclamation in our study area.
By the 1950’s the present City Park belonged to a large privately owned estate extending all along the altitudinal gradient. It was used for livestock and dryland agriculture, with much of its surface remaining as natural forest, scrubland and dry pasture.
By the 1980’s the low and middle reaches were extensively planted with Citrus irrigated crops, occupying the topographically most suitable sections, the remainder left
as forest. This agricultural reclamation was based on a severe depletion of the
aquifers of the Carrascoy hydrogeological unit (Figure 2), responsible for the drying
of natural springs and sources associated with galleries, already heavily damaged by
neglect. Since the mid-eighties Citrus crops were abandoned and partially replaced
by the first phases of urbanization. Large tracts of lowland Citrus trees were uprooted and the landscape left to become dryland pasture still grazed by cattle, while other
sections were sold to smallholders who gradually converted them from family
orchards into suburban homes. Meanwhile, the mid and high sections of the estate
experienced forest expansion (mainly of Haleppo pine Pinus halepensis) at the
expense of pastures, herbaceous crops, scrubland and other treeless habitats. In global terms, these changes have affected landscape and hydrology in two main directions (Figure 3):
- Increase in tree cover, loss of natural water sources and reduction of runoff in
the highest stretches of the gradient, as a characteristic syndrome of semiarid
mountain areas experiencing forest recovery, abandonment of traditional water
harvesting systems and groundwater overexploitation.
- Dual conditions in the lower stretches: secondary dryland pasture in nearly
one half, and diffuse urbanization of orchards in the remainder. Both landscape
types are favoured in terms of water availability, and hence host most habitats
suitable for amphibian breeding, whether temporary (derelict irrigation structures and ephemeral pools, characteristics of the drier landscape) or permanent
(irrigation ponds, ornamental waters…, frequent in the wettest one).
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Figure 2. Evolution of the piezometric level (m. a.s.l.) of the Carrascoy hydrogeological unit during the 70’s, showing the severe overexploitation of aquifers in the mountain system (Source:
Segura River Basin Water Authority).

Figure 3. Schematic representation of landscape change in the study area during the second half
of the 20th century, and in the first decade of the 21st. Main land uses shaping the landscape
are shown in their relative representation in the elevational gradient, from the Guadalentín river
Valley to the upper reaches of the Majal Blanco City Park.
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The urbanization occupies a middle position in the gradient (Figure 3), being
partly fringed by dense forest belonging to the upper stretches, and partly by open
pasture, scrubland and sparse woodland characteristic of the lower sections. The
built area also provides a large number of permanent artificial waterbodies (ornamental ponds, swimming pools).
Figure 4. Representation of the breeding and ranging distribution of the two Bufo species, in
relation to the protected area designations overlapping in the study area. Black solid dots indicate the lowest-altitude terrestrial records of both species (Bb=Common Toad; Bc=Natterjack
Toad) in the Majal Blanco City Park. Clear circles show the position of the created ponds (C)
built to compensate for the destroyed site (D). Lines indicate the distance between these, and to
the nearest sites with breeding attempts. Hatched circles represent the highest-altitude (unsuccessful) breeding sites for both species. Dark gray areas represent urbanizations.

Amphibian distribution and conservation status
We have surveyed amphibians in the Majal Blanco City Park and its surroundings
since 2003 by means of two main methods. First, we have recorded the presence of
individuals killed on or successful in crossing the access road to the urbanization and
several secondary paths (dirt or paved) of the urban and suburban sections. Second,
after major rainfall events, we have surveyed a sample of 11 waterbodies (Figures 5
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Table 1. Ranges of altitudinal distribution, environmental preferences and relative abundance
of the two anuran species studied in different protected area designations of the Carrascoy
Mountain System.
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and 6) to detect breeding adults in suitable sites or individuals accidentally falling
into unsuitable ones (e.g. ponds with concrete vertical walls). To these should be
added the two constructed ponds available since 2008 (see next section). In addition,
we gathered records of presence and breeding of both species in all the elevation gradient of the Carrascoy mountain range, to compare their ranges of distribution and
environmental preferences, in relation to the sections covered by different protected area designations (Figure 4). Table 1 summarizes these ranges and preferences.
Figure 6 summarizes the breeding attempts of both species in the study area (siteyear, or years in which that site hosted at least one reproduction attempt). In any year,
Common Toads attempted to breed in 0-2 sites (6 in total, and 7 after pond creation
in 2008), of which only one was a natural pond created by a seepage. No breeding
success (metamorphosis) was achieved before 2008, due to the early drying of sites,
suspected predation (by Natrix maura or aquatic insect larvae), or because adults
died in unsuitable habitats before clutches could be laid. Natterjack toads attempted
to breed in 6 sites (1-4 in any single year), all except one totally artificial or secondary (derelict ponds, track pools, ponds inside ancient irrigation reservoirs). The
number of sites used and breeding attempts per year seems related to the amount
Figure 5. Main water bodies and sources in the whole elevational gradient of the Carrascoy
Mountain Range, including the sample of breeding habitats covered by our study. Dates of drying or destruction of sites are shown above symbols.
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and distribution of rainfall, as does the altitudinal breeding range (expanding during wet years and contracting into a single site in dry ones). Only one site was shared
with Bufo bufo (Figure 5), but only during the earliest phase of breeding (amplexus).
During the study period we could confirm Natterjack’s metamorphosis in two temporary ponds generated by rainfall and runoff captured inside the basins of ancient
reservoirs (polyethylene coated earthen structures of several hundred square meters
of surface area, with gentle sloping banks). These temporary sites were also visited
in some years by Common toads (for which hydroperiod was in any case too short),
and by Rana perezi and Natrix maura. Moreover, many birds used the ponds for
drinking and bathing, and in the wettest years even aquatic birds like Charadrius
dubius and Gallinula chloropus were able to nest in the bare muddy shores or among
emergent vegetation (Phragmites and Typha), respectively. Young of Bufo calamita
of <1 year were seen actively dispersing from these ponds, and 3 years after the start
of the study period (2 years after the first successful breeding event recorded), individuals of sizes compatible with recruitment from local metamorphs were detected
around them.
POND DESIGN AND CREATION
The target species was initially the Natterjack Toad. Although this species bred along
the whole elevational gradient (Table 1), it suffered from a combination of negative factors: most of its breeding sites are outside the protected areas, and those located inside
are usually too ephemeral to allow metamorphosis to be completed. The best sites in
terms of hydroperiod length are in private lands, and one site was destroyed by urbanization activities. Moreover, Bufo calamita is a protected species under the Habitats
Directive 92/43 of the European Union, which raises the need to ensure efficient protection inside the protected area system, particularly within Natura 2000 sites.
For the recovery of Bufo calamita inside protected areas, we thought that habitat
restoration should start as close as possible to the extant breeding sites, and be
expanded towards the areas afforded the highest protection status (Site of Community importance). As a characteristic feature of analogous mountain systems, in Carrascoy these are located in the higher sections of the elevational gradient (Figure 4).
This instigated, as a first step, the creation of temporary ponds inside the Majal Blanco City Park, in order to provide alternative breeding sites and to improve adult survival, as well as to provide a basis for population recovery further upland.
Following a proposal to the local Environmental Authority (Robledano, 2005) at
the end of 2007 two derelict irrigation ponds, holding no water and with vertical
walls, were converted into temporary, rain-fed ponds. This was achieved by filling
half of their original capacity to create a gentle sloping plane connected with a small
catchment area (around 200 m2). The ponds had a surface area of 12 m2 and a depth
of 0.5 m in the deepest section (Figure 7). They were located at 0.5 km from the
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Figure 6. Water habitats covered by our study, all with at least one breeding attempt of one
species in any year during the study period. Includes one of the ponds created in 2007 (used by
Bufo bufo in the following two years).

destroyed site and 1 km from the nearest known breeding site, a temporary pond in
a derelict irrigation reservoir, outside the City Park (Figure 4).
Figure 7. Schema of the conversion of an ancient irrigation structure of the Majal Blanco City
Park into a temporary rain-fed pond suitable for amphibian breeding. A) Previous situation;
B) After intervention.
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INITIAL MONITORING AND EVALUATION
Ponds primarily benefited the Common Toad, which in 2008 colonised one pond
and successfully bred inside the protected area for the first time since 2003. Following an initial filling in February to verify watertightness, the ponds held water for
150 days (drying out in august 2008). A pair of Common Toads laid eggs one week
after filling, and the first metamorphs appeared in May. Rain collected by mid-march
allowed the water level to rise and favoured the development of algae in the previously dried bottom. After September rains, ponds have been able to maintain the initial filling level for approximately 210 days, with a second clutch of B. bufo being laid
in January 2009. In total, ponds have kept water for 360 days (or 92.3%) of their first
390 days of operation (until 14/03/09). If we discount the initial artificial supply, rainfall alone allowed some flooding for 8 months a year, and accounted for 72% of the
total hydroperiod of 2008 (Figure 8).
Figure 8. Variation of water level (cm) in the deepest part of one of the ponds created in the
Majal Blanco City Park (solid curve). After the first two months, values above the dashed line
(and all increases after drying) represent natural water inputs (rainfall).

CONCLUSION AND PERSPECTIVES
The surveys carried out since 2003 reveal that the local populations of Bufo bufo and
Bufo calamita extend far beyond the limits of the protected natural areas that overlap in the study area. The distributional shift towards lowland areas results in a critical dependence on breeding habitats that lack any protection (Robledano, 2004).
These situations are typical of protected area systems that give priority to elevated
lands, neglecting the more productive –and conflictive- lowlands, which concentrate
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resources and attract intense activity (Hansen and Rotella, 2002). In these cases sourcesink dynamics can be established, with negative effects on biodiversity inside and outside protected areas. In our Mediterranean mountain altitude gradients, this setting is
exacerbated by the pressure of agricultural and urban expansion, which constrains protected area limits into the higher zones (core forest and culminal rocky areas).
Despite the extremely asymmetrical distribution of water resources in favour of
lower altitudes, intensively man-managed landscapes (agricultural and urban), we
have shown how very small surfaces of temporary habitats can ensure the reproduction of the Common Toad, a species often associated with more stable and permanent waters (Lizana, 2002). Given the success achieved in keeping water in the
landscape for several months a year, the creation of ponds should have benefited
many other animal groups (birds, bats, insects...), as has been noted or is suggested
by specialists (Taylor and Tuttle, 2007).
We believe that a network of ponds (including previously existing ones), properly managed, can be used to enlarge the distribution of the two species along the
mountain gradient, lowering the risk of isolation and local extinction of their populations. To achieve this, we envisage several strategies for spatial distribution and
building (or restoration) of ponds. First, the restoration or creation of new small
ponds of similar design to those already constructed, in small catchments along the
major ephemeral watercourses (ramblas) that dissect the mountain slope. Second,
by deepening some shallow ponds and scrapes (e.g. created during path building),
their flooding period can be enlarged to allow successful breeding. These measures
are directly applicable inside protected areas. However, there is an ample field of
intervention outside them. Ponds can also be created inside the public domain of
watercourses (managed by the Water Authority), an action that has a great potential
to enhance connectivity among distant populations.
In urban –or suburban- areas, it is possible to adapt water structures for safe entry
and exit of adults and for reproduction. But above all, there is a need to incorporate
the best unprotected temporary ponds to the protected networks. When these sites
are close to landscape infrastructures like traditional cattle ways or the hydrological
network (watercourses), the competent authorities could be involved in their purchase (a measure regarded feasible in the context of riparian restoration projects promoted by the Water Authority). In the municipality of Murcia, many old irrigation
infrastructures (e.g. derelict reservoirs with secondary ponds) are located in the
peripheral belt around forest areas (Regional Parks and Natura 2000 sites) considered compatible with touristic residential developments. Although this model of
sparse building –opposite to the traditional Mediterranean compact city- can be criticized on the grounds of biodiversity conservation and sustainability, it provides an
opportunity for setting aside critical habitats. The environmental authorities of the
Municipality of Murcia have set guidelines for developers, concerning the cession of
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forest estates associated with such residential developments. Similarly, guidelines can
be established concerning the conservation or public acquisition of amphibian
breeding ponds. Obviously, to be successful, these should encompass the conservation and management of terrestrial zones (Semlitsch, 2002), essential for the survival
of adults, and for the hydrological functioning of the ponds.
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A GENETIC ISOLATION GRADIENT OF POPULATIONS OF THE
BALEARIC GREEN TOAD (BUFO BALEARICUS)
FOLLOWS RISING EASTWARD FRAGMENTATION OF THE RURAL
LANDSCAPES ON THE ISLAND OF MENORCA
Massana, M.(1), Richter-Boix, A.(2), Colliard, C.(3)
and Pretus, J.Ll.(1)
Abstract
We present the first approach to the genetic diversity and structure of the Balearic
toad (Bufo balearicus Boettger, 1880) for the island of Menorca. Forty-one individuals from 21 localities were analyzed for ten microsatellite loci. We used geo-referenced individual multilocus genotypes and a model-based clustering method for the
inference of the number of populations and of the spatial location of genetic discontinuities between those populations.
Only six of the microsatellites analyzed were polymorphic. We revealed a northwestern area inhabited by a single population with several well-connected localities and
another set of populations in the southeast that includes a few unconnected small
units with genetically significant differences among them as well as with the individuals from the northwest of the island. The observed fragmentation may be explained
by shifts from agricultural to tourism practices that have been taking place on the
island of Menorca since the 1960s. The abandonment of rural activities in favor of
urbanization and concomitant service areas has mostly affected the southeast of the
island and is currently threatening the overall geographic connectivity between the
different farming areas of the island that are inhabited by the Balearic toad.
Keywords: Bufo balearicus, microsatellites, landscape genetics, habitat fragmentation
INTRODUCTION
The Balearic toad (Bufo balearicus Boettger, 1880) seems not to be an original, i.e.
autochthonous, member of the Minorcan fauna, but a relatively recent newcomer. It
was probably an anthropogenic introduction as there has been no possibility for toads
to reach the Balearic Islands in Pleistocene or Holocene via land bridges and green
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toads are probably not candidates for long distance sea drifting (see discussion in
Stöck et al., 2008). The subfossil documentation dates them to the beginning of the
Bronze Age (1500-1000 BC). Deliberate introduction for mythological reasons has
been discussed (Hemmer et al., 1981; Muntaner-Yangüela, 2002; Pérez-Mellado,
2005).
Recently, the analysis of mitochondrial and nuclear phylogenetic relationships of
the Bufo viridis group showed that the populations from the western Mediterranean
islands and the Apennine Peninsula (Italy) are a separate species, different from Bufo
viridis Laurenti, 1768, namely Bufo balearicus Boettger 1880 (Stöck et al., 2008; Carretero et. al., 2009).
On Menorca, important populations of the Balearic green toad have been found,
where it is classified as vulnerable (Muntaner-Yangüela, 2002; Viada, 2006). Bufo
balearicus inhabits open areas and is thereby associated with farms and rural landscapes. Spawning occurs in a diverse range of water bodies, including temporary
ponds, channels and irrigation pools (García-París et. al., 2004; Pérez-Mellado,
2005). The larval development takes about two months, during which there is a
strong dependence on permanent water bodies (Gosálbez et. al., 1987). Despite the
adaptations of the species, with a great phenotypic plasticity, currently it shows a clear
decrease in larval survival because the ponds are drying earlier (Sicilia et. al., 2006).
This reduction is in part due to natural fluctuations in populations and weather
conditions. A significant part of these losses in recent years have been caused by the
reduction of temporary environments favorable for these species, to some extent
from changes in land use. Several studies suggest a certain susceptibility of this
species towards climate change, as well as other anthropogenic phenomena, which
involve the reduction of ponds or fragmentation of the territory as the increase in
urban pressure obstructs the movement of adults to breeding sites (Pérez-Mellado,
2005; Sicilia et. al., 2006).
Therefore, the aim of this study was to analyze the population structure and to
assess the effects of fragmentation on Bufo balearicus based on fieldwork in combination with molecular genetic analysis. Our priority was to identify and quantify how
many populations are present on the island of Menorca and how these are interconnected.
MATERIALS AND METHODS
Study area and sampling design
In order to choose the areas in which to search for toads, we divided the island into
a 5x5 km grid, and we visited at least one water body described on the list of wetlands
of Menorca (Pretus 1990) on each plot. Alternatively, if there were no such ponds listed, we picked out any stagnant water or pool that could be used by the species. We
collected from 5 to 10 eggs or embryos from each locality. Eggs were kept alive until
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hatching. The tadpoles were preserved in 100% ethanol and stored at -20 °C.
The inclusion of family members in our analyses could bias the results, producing population structure, even when it is absent (Anderson and Dunham, 2008). In
order to avoid this error, we genotyped one egg from each clutch or one embryo per
locality, with the exception of the biggest clutches, where we took two; or in cases
where the different samples were collected on enough separate dates, making sure
that they were not from the same clutch.
DNA extraction and genotyping
Total genomic DNA was extracted from the tadpole tail by overnight incubation at
37°C in lysis buffer (10 mM Tris, pH 7.5, 25 mM EDTA, 75 mM NaCl, 1% SDS) including 1 mg of proteinaseK, followed by the DTAB method (Gustincich et al. 1991). DNA
was precipitated, centrifuged, washed, dried and resuspended in TE-buffer.
We genotyped each individual using polymerase chain reactions (PCR) for 10
microsatellite loci (Colliard et. al. 2009). The PCR cycling profile consisted of one
cycle at 92°C for 5min, 30 cycles of 20s at 92°C, 20s at the annealing temperature specific to each locus and 20s at 72°C, followed by a final extension cycle of 5min at
72°C. Each reaction contained 2.5 μl DNA (10 ng/μl), 1 μl 10x PCR-buffer, 0.6 μl
MgCl2 (25mM), 0.2 μl dNTPs (10 mM), 0.1 μl each primer (10 μM; forward fluorescently labelled), and 0.1 μl Biotools Taq (5 units/μl). Finally, genotypes were analyzed on an ABI Prism 3700 sequencer. Allele sizes were estimated using PEAK SCANNER version 1.0 (Applied Biosystems).
Data Analysis
Analysis of genetic diversity and departure from random mating
Allele frequencies, observed number of alleles per locus (Na), observed heterozygosity (HO) and expected heterozygosity (HE) (Nei 1978) were computed with
GENETIX 4.05 (Belkhir et al., 1996-2004). Then we used MICROCHECKER (Van Oosterhout et al., 2004) to detect possible null alleles in our loci. Hardy–Weinberg equilibrium and linkage disequilibrium were tested using GENEPOP’007 (Rousset, 2008).
The inbreeding coefficient (FIS) was estimated using GENETIX 4.05 with a permutation test of 5000 permutations. All p-values were corrected using the Step-up False
Discovery Rate (FDR) (Benjamini and Hochberg, 1995).
Genetic clustering analyses
We performed Bayesian clustering analyses to infer spatial structure in the genetic
data. Several methods are currently available that implement this general type of
analysis, and alternative methods sometimes give different results, and a recommended approach is to try and compare several of them (Latch et al., 2006; Chen et
al., 2007).
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First, we employed a model-based clustering method, which is implemented in
STRUCTURE version 2.2.3 (Pritchard et al. 2000; Falush et al. 2003), to infer the number of genetic groups in our data set. 20 runs were carried out in order to quantify
the amount of variation of the likelihood for each K, we used a length of the burnin and MCMC (Markov chain Monte Carlo) of 10,000 each. The range of possible
Ks we tested was from 1 to 6. Finally, we used the posterior distribution Pr(K|X)
(Prichard et. al. 2000) and the DK method (Evanno et al., 2005) to detect the true K.
We also used a second approach that incorporates spatial information, as implemented in GENELAND 3.1.4 (Guillot et. al., 2005; Guillot, 2008; Guillot et al., 2008).
In our GENELAND analyses, we first performed a series of runs to infer the number
of genetic groups (K) in our sample. These runs include 200,000 iterations and a
short burn-in period. Afterwards the model was re-run along 500,000 iterations with
a fixed value for the inferred number of K. Maps of the posterior probability for any
pixel of the domain to belong to each population could then be derived.
F-statistics were computed for the estimated groups in order to test for local
inbreeding (FIS) and differentiation (FST) using GENETIX 4.05 (Belkhir et al. 1996-2004)
and GENEPOP’007 (Rousset, 2008). The levels of significance for multiple tests were
adjusted by the Step-up FDR (Benjamini and Hochberg, 1995). In order to visualize
the relationship between pairwise genetic and geographical distances, we tested the
isolation by distance between individuals and between groups using GENEPOP’007
(Rousset, 2008). The toad population was most likely introduced to Menorca, suggesting that it may have experienced a founder effect. Hence, we also tested the mutation–drift equilibrium, using BOTTLENECK 1.2.02 (Cornuet and Luikart, 1996; Piry et
al., 1999). We used the two-phase mutation model (TPM) with different percentages
of the stepwise mutation model (SMM) in the TPM (70, 85, 95%).
RESULTS
Analysis of genetic diversity and departure from random mating
Forty-one individuals from 21 localities (Fig. 1) were analyzed for 10 microsatellite
loci. Only six of them were polymorphic. Genetic diversity estimated by means of
number of alleles, HO and HE for each of the 10 loci are listed in Table 1. Our results
show evidence for a null allele in BaturaC205 and no deviations from the HardyWeinberg equilibrium or linkage disequilibrium for any of the other loci.

270

International Conference on Mediterranean Temporary Ponds

Fig. 1. Sampling localities, which included a large range of different water bodies and temporary
ponds, irrigation pools, artificial lakes and even rain pools. [1(Punta Nati) 2(Torrenova, S’Atalaia Torrenova) 3(Beurada Torrenova) 4(Camí son Angladó, Binicamps) 5(Son Sebastià) 6(Cosí
d’en Pere) 7(ITV Ciutadella) 8(Lithica, Son Salort) 9(Cala Morell) 10(Camí Algaraiens)
11(Cocons d’Algendar) 12(Son Vitamina) 13(Aeroport) 14(Binissafuller de Baix, Binissafuller
LIFE) 15(Cala Rafalet (Two ponds)) 16(Punta Prima)].
Ortophoto from IEDIB (http://mun.nexusgeografics.com/ideib/visor.html)

Table 1. Summary of observed number of alleles per microsatellite locus (Na), allele size ranges,
observed (HO) and expected heterozygosity (HE) of the total population, FIS values and the
outcome of tests for deviations from expected Hardy–Weinberg equilibrium (*). Table-wide significance levels were applied using the Step-up FDR (Benjamini & Hochberg 1995). Only the
null allele shows a significant deviation from HWE.

Locus
Bcalµ10
BaturaC107
BaturaC124
BaturaC203
BaturaC205
BaturaC218
BaturaC223
BaturaD105
BaturaD106
BaturaD5

Na

Allele size range

Ho

He

FIS

2
1
1
1
6
6
3
4
1
4

153 -155
222
161
199
158 -194
159 -183
167 - 179
196 - 208
216
142 -154

0.18

0.24

0.27

0.3
0.63
0.53
0.33

0.434*
0.53
0.51
0.38

0.321*
-0.16
-0.02
0.15

0.55

0.66

0.17
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Genetic clustering analyses
Our analyses with STRUCTURE using the estimator of posterior probabilities of K and
the DK method indicated that the most likely K was 2.
In our second approach, using GENELAND, in 20 independent MCMC runs, the
posterior distribution gave a mode at K=4, with negligible occurrence at K=3. We
found two possible migrants (Figure 2) that could mislead our results, so we repeated the analyses removing them. We confirmed our estimate of K=4. The derived
maps of the posterior probability for any pixel of the domain to belong to each population are shown in figures 2 and 3.
Fig. 2. Map of posterior probabilities of population membership and spatial location of genetic
discontinuities for the 4 estimated populations. We noticed the presence of one migrant from the
NW at the airport (depicted by a triangle) and the presence of another possible migrant in
Cocons d’Algendar (depicted by a square). Contour lines indicate the spatial position of genetic discontinuities between populations. Lighter colors indicate higher probabilities of population
membership. Cluster 1 corresponds to NW population; Cluster 2 to Rafalet-Punta Prima; Cluster 3 to Son Vitamina and Cluster 4 to Binisafuller.
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Fig. 3. Map of posterior probabilities of population membership and spatial location of genetic
discontinuities for the 4 estimated populations. We show the results after removing the possible
migrants. Cluster 1 corresponds to NW population; Cluster 2 to Rafalet-Punta Prima; Cluster
3 to Son Vitamina and Cluster 4 to Binisafuller.

After these analyses, we used the populations inferred to compute the F-statistics. The local inbreeding coefficients (FIS) are shown in Table 2 and the Pairwise FST’s
are listed in Table 3.
Table 2. Local inbreeding coefficients (FIS). There is no significant departure from Hardy–Weinberg equilibrium.

2 populations

FIS

4 Populations

SE
NW

-0.1
0.15

NW
Rafalet-Punta Prima
Son Vitamina
Binisafuller
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FIS
0.15
-0.07
-0.46
-0.26

Vertebrates

Table 3. Pairwise FST’s.*=significant differences between populations after FDR correction.

SE
Rafalet-Punta Prima
Son Vitamina
Binisafuller

NW
0.161 *
0.196 *
0.308 *
0.175 *

Rafalet-Punta Prima

Son Vitamina

0.119 *
0.07

0.12

Next, we tested the isolation by distance. We did not find any significant relation
between geographic and genetic distances, even when the possible migrants were
removed from the analysis.
Finally, we tested for potential founder effects. We did not find strong evidence
for a founder effect when considering the entire area of the island, but when considering the different populations, the significance level became higher, although still
failed to reach significance.
DISCUSSION AND CONCLUSIONS
In contrast to the values found in other parts of the range of Bufo balearicus, where
all loci are polymorphic (Colliard et al., 2009), our results show a decrease in genetic variability on the island. The only deviation from Hardy–Weinberg equilibrium
that we found may be due to a null allele.
We found different results in our clustering analyses, depending on the models
used, since the number of inferred populations ranged from two to four. However,
these differences were not inconsistent as three of the clusters found using
GENELAND corresponded to one from the STRUCTURE results. We found a northwestern area inhabited by a single population with several well-connected localities
and several other populations in the southeast that include a few unconnected small
units with genetically significant differences among them as well as from the individuals from the northwest. Using the program STRUCTURE, we were unable to detect
more than two groups as we had too few individuals from each population. By incorporation of spatial information, we increased the power of detection and we were
able to find the differences between the small populations from the southeast.
The process of isolation by distance cannot explain these results, instead, they can
be derived either from fragmentation or founder effects. We did not find any indications for a founder effect, however. Nevertheless, these results should be confirmed
by increasing the number of individuals studied from each population in the future
and especially through comparison with green toad populations form other Balearic
Islands. It is currently unknown if toads from Menorca were introduced directly (e.g.
from Corsica and Sardinia as proposed by Hemmer et al., 1981) or reached Menor274
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ca from one of the neighboring Balearic islands, possibly much later than the
assumed Bronze age introduction to the archipelago.
Furthermore, it would be advisable to continue field sampling, incorporating
more samples in our analyses, in order to get better resolution for our clusters and
to completely exclude the presence of false structures as a consequence of including
family data into the analysis (Anderson and Dunham 2008).
The observed population structure, with a highly significant differentiation
between the northwest and the southeast and the detected differences and the negative values of FIS in the southeastern populations, denoting a heterozygote excess,
are in accordance with their isolated structure (Allendorf and Luikart 2007). This
fragmentation may be explained by shifts from agricultural to tourism practices that
have been taking place on the island of Menorca since the 1960s. The abandonment
of rural activity in favor of urbanization and concomitant service areas has mostly
affected the southeast of the island, and is currently threatening the overall geographic connectivity among the different island farming areas inhabited by the
Balearic green toad (Pretus and Chust 2004).
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ECOLOGY AND RESTORATION OF VERNAL POOLS:
A TEN-YEAR STUDY OF PLANT COMMUNITY DYNAMICS
Collinge, S.K.(1,2) and Ray, C.(1)
Abstract
We studied ecological dynamics of vernal pool plant communities in California,
USA, focusing on: 1) effects of dispersal limitation, order of colonization, and frequency of colonization on plant community composition; 2) invasion of vernal pools
by non-native species, and 3) comparison of restored vernal pools to naturally-occurring pools. We manipulated the sequence and timing of plant colonization in a field
experiment with 256 constructed vernal pool basins. Our observations provided evidence for dispersal limitation, priority effects, and frequency of colonization. Several features of historical contingence affected the early formation of vernal pool plant
communities, but we also observed reversals in community trajectories, suggesting
that these effects may be lost within a decade. Pools that received more seeds of
native species were less invaded, providing evidence for biotic resistance, but this
resistance was eventually overcome. Constructed pools exhibited similar hydrology
as reference pools, and vernal pool species established populations in many of the
pools that were appropriately inundated. Further, seeding increased native species
abundance in constructed pools. In summary, our research has revealed that colonization events, pool hydrologic conditions, and biotic interactions all influence the
formation and persistence of vernal pool plant communities.
Keywords: plants, vernal pools, restoration, California, invasions, community ecology
INTRODUCTION
Vernal pools, also called temporary ponds, are spatially discrete, seasonal wetlands
typical in regions with Mediterranean climates (Keeley and Zedler, 1998; Grillas et
al., 2004; Deil, 2005). Distinct wet and dry seasons lead to winter and spring inundation of pools, followed by complete drying in summer. In California, USA, vernal pools are characteristically underlain by an impervious hardpan or claypan (Holland and Jain, 1988), and harbor a large proportion of the biota characteristic of this
region (Stebbins, 1976; Zedler, 1987; Keeley and Zedler, 1998). The extreme variation in physical conditions, combined with spatial isolation, has resulted in the evo-
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lution of unique communities of plants and animals. For example, California’s vernal pools harbor more than 60 known endemic species of plants and invertebrates
(Holland, 1976; Stone, 1990; Witham, 1998). These habitats remain a crucial component of California’s native biological diversity (Jokerst, 1990; Pollak and Kan, 1998;
Gerhardt and Collinge, 2003). Due to destruction of vernal pools from agricultural
and residential development, vernal pools in California support many species that
are currently rare or endangered (Witham, 1998). Thus, conservation of existing
habitats, as well as reintroduction and restoration of populations and communities,
will be critical aspects of vernal pool ecosystem recovery.
The goals of ecological restoration are to recover native populations, communities, and ecosystems degraded by human activities (Jordan et al., 1987; Zedler, 1996;
Palmer et al., 1997; Young et al., 2005). Successful restoration of any ecological community ultimately requires establishment of both ecological structure and function
to degraded systems, (Hobbs and Norton, 1996; Zedler, 2000), and therefore necessitates a clear understanding of the factors controlling species composition. The fact
that few plant communities have been successfully restored underscores our incomplete understanding of how communities are assembled (Lockwood, 1997; Temperton et al., 2004). Although habitat restoration provides an excellent opportunity to
test ecological theory (Jordan et al., 1987; Young et al., 2005), few restoration projects have explicitly done so. We designed a large-scale vernal pool restoration experiment near a complex of naturally-occurring pools in northern California to address
fundamental questions about the factors that influence plant species composition in
these communities. Our experiment contributes to an understanding of the basic
ecological forces that govern population establishment, persistence, and community composition, and highlights a novel approach to restoration of native ecological
communities.
In this paper, we present key results of our long-term, experimental study of the
ecological dynamics of vernal pool plant communities. We address 1) effects of dispersal limitation, order of colonization, and frequency of colonization on plant community composition; 2) invasion of vernal pools by non-native species, and 3) comparison of restored vernal pools to naturally-occurring pools.
Methods
Study site and focal species
We conducted this study at Travis Air Force Base (AFB), Solano County, California,
USA. Travis AFB is located near the town of Fairfield (38°15’00” N, 122°00’00” W,
6 m elevation). This area receives approximately 50 cm of rain per year, concentrated in the winter wet season from December to April. There is typically no measurable precipitation from May to November. Approximately 100 naturally-occurring
vernal pools occur in the 15-ha study area, embedded in a grassland matrix recent282
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ly used for grazing and cultivation agriculture (BioSystems Analysis 1994).
Travis AFB hosts one of few remaining populations of the annual plant Lasthenia conjugens (Contra Costa goldfields, Asteraceae: Heliantheae), which is limited
to vernal pool environments in northern California. Because of habitat loss, L. conjugens is listed as an endangered species under the US Endangered Species Act (ESA)
and its legally protected status make it the target of the restoration effort described
here. However, the project’s ultimate goal is to reconstruct viable vernal pool communities. To this end, we investigated effects of manipulating the abundance of L.
conjugens as well as four additional species native to vernal pools, including Eryngium vaseyi (Button celery, Apiaceae), Deschampsia danthonioides (Annual hairgrass,
Poaceae), Layia chrysanthemoides (Tidy tips, Asteraceae), and Plagiobothrys stipitatus (Popcorn flower, Boraginaceae) (Hickman, 1993).
Design of field experiment
We collected observational data from naturally occurring “reference” pools within
our study site to provide the basis for choosing the five focal species noted above for
inclusion in our field experiment. In reference pools, D. danthonioides, E. vaseyi and
L. conjugens had relatively high local densities (average frequency = 40, 47, and 48%,
respectively, measured as the number of subquadrats in which the species occurred
out of 100 in a 0.25-m2 sampling quadrat, N=20 pools). Plagiobothrys stipitatus and
L. chrysanthemoides also occurred in reference pools but generally had lower local
densities (average frequency = 15 and 5%, respectively) than the other three species.
In December 1999, we constructed 256 “experimental” pools in a regular grid surrounding the reference pools at the study site. Experimental pools were designed to
mimic reference pools in size, shape, slope, maximum depth, and topography of
intervening grassland habitat. Among these variables, only size was varied within
the experiment. Each pool position within the grid was assigned a pool size at random: large (5 x 20 m), medium (5 x 10 m), or small (5 x 5 m). Experimental pools
range in distance from 15 to 150 m from reference pools, and each pool is 10 m from
the nearest experimental pool, a typical distance between reference pools at this
study site.
We collected seeds of the five focal species from reference pools during May and
June of 1999, 2000, and 2001, for inoculation of experimental pools. Counted seeds
were stored in coin envelopes under cool, dry conditions, and were planted within
one year of collection to maximize seed viability. To ensure representation of genetic diversity from reference pools, we selected seeds of each species for each experimental pool from ten different individuals (10 seeds*10 individuals=100 seeds per
species per pool). We confirmed that this protocol was effective in capturing and distributing genetic diversity by examining subsequent generations of L. conjugens: populations in reference and experimental pools maintained equally high levels of genet283

Ecology

ic diversity (Ramp et al. 2006). In early December of 1999, 2000, and 2001, prior to
winter rains, we distributed seeds according to the four seed-addition treatments
(Table 1). Seeds were distributed within permanently marked, 0.5 m x 0.5 m plots
(one plot per experimental pool). Plots in each pool were located where we expected water depths of 5-10 cm during inundation, to control for effects of varying water
depth on plant performance.
Seed-addition treatments were randomly assigned among pools. To prepare plots
for initial seeding, we lightly raked the 0.25 m2 area of the seed plot. Seeds were combined with a scant tablespoon of fine sand and scattered over the soil surface. Pools
in the unseeded control treatment were similarly raked and sprinkled with fine sand.
We chose inoculations of 100 seeds for the L. conjugens treatment and 100 seeds of
each species for the group treatments (Table 1), to mimic initial natural colonization
of vernal pools, which would likely involve a relatively small number of propagules.
Table 1. Seed addition treatments for experimental pools. Group A consisted of L. conjugens
(LACO), D. danthonioides (DEDA), and E. vaseyi (ERVA). Group B consisted of L. conjugens,
P. stipitatus (PLST) and L. chrysanthemoides (LACH). Years indicate the year in which seeds
were added to experimental pools. After Year 3, no additional seeds were planted, but species
composition measurements continued as before. N=64 pools for the control and group treatments and N=32 for each of the L. conjugens treatments.
Year 1 (1999)

Year 2 (2000)

Year 3 (2001)

Control

No seeds

No seeds

No seeds

L. conjugens 1x

100 seeds

No seeds

No seeds

L. conjugens 3x

100 seeds

100 seeds

100 seeds

Treatment

Group A priority

100 seeds each of 100 seeds each of
Group A species Group B species

No seeds

Group B priority

100 seeds each of 100 seeds each of
Group B species Group A species

No seeds
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Field data collection
To confirm that experimental pools exhibited similar hydrology as naturally-occurring pools, we characterized winter flooding of pools at the study site during two wet
seasons. At weekly intervals during the wet seasons of 1999-2000 and 2001-2002, we
recorded standing water in all experimental pools (N=256 pools) and in a subset of
the reference pools (N=31-32 pools) for 10-15 weeks. We calculated the duration of
inundation (number of days inundated) for each pool, and recorded the depth of
water at the center of each pool, as well as at the center of vegetation sampling
quadrats in each pool. In experimental pools, our sampling quadrats were the seed
plots described above, where maximum water depths were expected to be 5-10 cm.
In reference pools, we placed 1-3 sampling quadrats haphazardly in locations where
water depths were also expected to be 5-10 cm, to facilitate comparison between
experimental and reference pools.
We measured plant occurrence in experimental pools during the flowering phase
(April-May) each year from 2000 to 2008. We placed a square frame (0.50 m x 0.50
m = 0.25 m2) divided into 100 subquadrats (each 5 cm x 5 cm) over the marked plot
in each pool and recorded the number of individuals of each of the five focal species
(Table 1), as well as the frequency (number of subquadrats out of 100 in which the
species occurred) of all species present within each marked plot in each year. Plants
were identified to species using Hickman (1993), and a voucher collection is maintained in the Collinge laboratory at CU-Boulder.
Data analyses
To compare plant species composition among treatments and between experimental and naturally-occurring pools, we summed the frequencies of the five focal
species and computed the mean and SE in seeded pools, control (unseeded) pools,
and reference pools, for each year from 2000 to 2008. To evaluate invasion of pools
by exotic plant species, we calculated the yearly intensity (mean ± SE) of exotic
species invasion in seeded pools, control (unseeded) pools, and reference pools, for
each year from 2000 to 2008. Invasion intensity within a given pool was defined as
the summed frequency of species exotic to California, minus the summed frequency of species native to California vernal pools.
Results
We confirmed that the hydrological function of experimental pools was similar to
that of reference pools. To summarize results presented elsewhere (Collinge and
Marty, in review), both types of pool held standing water for approximately 10 weeks
in 1999-2000 and for 15 weeks in 2001-2002. The average depths of reference and
experimental pools did not differ significantly except during the first few weeks of
the wet season of 2001-2002, when reference pools were slightly deeper. We found
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no differences among the seeding treatments in maximum depth or duration of
inundation in either wet season (data not shown).
When combined, the five focal species had much higher frequencies in seeded
pools than in control pools for six of the seven years following the final seeding treatments (Fig. 1). Reference pools were intermediate in frequency of the five focal
species. As late as 2007, the summed frequencies of focal species in seeded pools were
significantly higher than in control pools (mean ± SD = 81.04 ± 63.06 in seeded
pools, 39.07 ± 39.94 in control pools). The effect of seeding waned over time as control pools were gradually colonized by focal species and as the frequency of focal
species declined in seeded pools. In 2006 and especially in 2008 the frequency of
focal species dropped substantially in seeded pools. By 2008, the difference between
seeded (28.52 ± 35.61) and control pools (17.39 ± 20.49) remained barely significant,
showing that the strong effect of seeding had been lost.
We observed an overall increase in the abundance of exotic species during the
seven years following seeding (Fig. 2). Invasion intensity was generally higher in control (unseeded) pools compared to seeded pools. Reference pools were generally less
invaded than constructed pools or were similar to seeded pools in invasion intensity.
Constructed pools that were seeded with the five focal species generally supported similar frequencies of these species as did reference pools (Fig. 1). However,
unseeded control pools had much lower frequencies of these five native vernal pool
species. Similarly, control pools were much more likely to be invaded by exotic
species than seeded pools (Fig. 2). Thus, although many of the seeded pools supported native vernal pool plant species and generally resembled naturally-occurring
reference pools, the unseeded control pools were quite dissimilar to reference pools.
Fig. 1. Combined frequencies (mean ± SE) of focal species in seeded (solid line), control (dashed
line) and reference/natural (dotted line) pools, by year.
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Discussion
We found experimental evidence for dispersal limitation of vernal pool species (Fig.
1), priority effects in plant species composition, and shifts in the relative abundance
of species as a result of increased frequency of colonization (see Collinge and Ray, in
press, for order and frequency results). Each of these findings suggests a key role for
historical contingence in the early stages of community development. But we also
observed that each of these effects was transient. In this system, historical effects
were lost within a decade. In other words, while assembly rules may have had important effects on the early trajectories of these communities, these communities are
now tending toward a similar endpoint.
Dispersal limitation was evident in our study despite the proximity of natural vernal pools within 15 to 150 m of our experimental pools and despite the even shorter distance (10 m) between neighboring experimental pools. Although seeding of
restored vernal pools may not be necessary if ample seed sources exist nearby and
there are no physical barriers to dispersal (e.g., Robinson et al., 2002), our study
demonstrates that even very short distances between vernal pools can present surprisingly effective barriers to seed dispersal, even after several years of potential seedbank development.
Although vernal pool species were initially more abundant than exotic species,
exotics dominated this system within six years after the final seeding treatment (Fig.
2). Among treatments, the average ratio of exotics to vernal pool species followed
expectations; pools that received more seeds of vernal pool species exhibited lower
frequencies of exotic species. However, seeding treatments affected invasion trajectories mainly by delaying the inevitable; the biotic resistance offered by even densely seeded pools was overcome within seven years after the final seeding treatment.
We also investigated a prominent component of abiotic resistance to the invasion of
vernal pools; namely, pool depth or the maximum depth of inundation within a pool.
We found excellent support for a strong and nonlinear effect of pool depth, with
pools 15-20 cm deep having the lowest average index of invasion (data not shown).
However, by 2008, most pools supported far more exotics than vernal pool species,
regardless of depth.
On average, constructed vernal pool basins were inundated with water for a similar period of time during the wet season as were the reference pools. The five vernal pool species that were seeded into constructed pools established vigorous populations in many of the constructed pools. This suggests that environmental
conditions in many of the constructed pools are appropriate for these species, and
bodes well for future increases in population sizes of these species. However, unseeded control pools tended to be colonized slowly by native vernal pool species, and supported much lower frequencies of the five focal species than did the reference pools.
At least two factors contributed to the poor performance of vernal pool species
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Fig. 2. Yearly intensity (mean ± SE) of exotic species invasion in seeded (solid line), control
(dashed line) and reference/natural (dotted line) pools. Invasion intensity within a given pool
is defined here as the summed frequency of species exotic to California, minus the summed frequency of species native to California vernal pools.

in approximately one-third of the constructed vernal pools. There was a positive
association between duration of inundation and the percent of the pool that was covered by vernal pool species. In other words, pools that supported low coverage of
vernal pool species were pools that were inundated for shorter periods of time. Not
surprisingly, constructed pools that were not seeded with vernal pool species (i.e.,
control pools), supported lower abundances of these species than did seeded pools.
In summary, our research has revealed that colonization events, pool hydrologic
conditions, and biotic interactions all influence the formation and persistence of vernal pool plant communities. We will continue to evaluate the dynamics of these
unique plant communities to determine whether these transient effects will
reemerge, perhaps as a result of seed-bank development. Because the histories of
these communities are well-characterized, we should be able to continue to differentiate the factors affecting the outcomes of community development in this system.
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PRIMARY RESULTS ON BIODIVERSITY ANALYSIS OF THE TEMPORARY
PONDS IN THE NATURAL PARK OF MONDRAGÓ, MALLORCA
Pinya, S.(1) and Gil, Ll.(2)
Abstract
In 2007 four temporary ponds were discovered in the Natural Park of Mondragó
(Mallorca). This fact caused the Natural Park to promote studies about the biodiversity of these temporary ponds, and to apply them to guaranty their conservation.
Throughout 2008 we carried out two different studies in order to discover more about
the biodiversity of the fauna and flora present in these ephemeral aquatic habitats.
The first study consisted of visiting the ponds to sample and to identify not only
the species that live in the temporary ponds, but also those that use them as a
resource or to complete a part of a life cycle. A total of seventy-eight species were
identified. Of all these species, the most remarkable is the presence of some invertebrates like Triops cancriformis, Branchipus schaefferi, Metadiaptomus chevreuxi and
Alona elegans, or the occurrence of two breeding sites of Bufo balearicus.
The second study consisted of studying the biodiversity of flora present in all the
area around the temporary ponds of the Isoeto-Nanojuncetea class. The results of the
study revealed the presence of 102 species in and around the four temporary ponds.
We found some interesting species such as Damasonium alisima subs. bourgaei, Crassula vaillanti, Rannunculus peltatus ssp. peltatus or Elatine macropoda. Remarkable
is the fact that twenty-two of the species found were completely new for the List of
Flora Species of the Natural Park of Mondragó.
Keywords: flora, fauna, diversity, natural park, Balearic Islands, temporary Ponds
INTRODUCTION
The natural Park of Mondragó covers 785 ha. on the southeastern coast of Mallorca, in the village of Santanyí. It presents a semiarid warm climate with an average
annual temperature of about 16.9ºC and precipitation concentrated in autumn and
winter seasons that oscillate around 450mm per year (Brotons, 2000). The vegetal
alliances of Ammophilion, Crithmo-Limonion, Quercon ilicis, Oleo-Ceratonion,
and Rosmarino-Ericion are typical. Also remarkable is the occurrence of the com-
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munities of the two small humid areas and plots of dry crops (Pinya et al., 2007).
Since it was declared a natural park in 1994 until present day, different studies have
been carried out in order to increase knowledge of the biodiversity that is present.
Studies about different specific groups like entomology (Canyelles et al., 2008), flora
(Saez, 2002; Alomar, 2005; Alomar 2008; Alomar 2008b), herpetofauna (Pinya,
2007), ornithology (Martínez, 2007), and others have all been carried out.
MATERIAL AND METHODS
The study of temporary ponds
In 2007, four temporary ponds were discovered in the Natural Park of Mondragó.
These four ponds were located in two different sites in the south of the natural park
(UTM 31S ED1554). One of these four ponds (a) was isolated, the other three ponds
(b, c, and d) were grouped together and divided by a stone wall.
All these temporary ponds have been visited during the active period of inundation
and for flora analysis, during and after the dry period, as some of the species flourish during this period.
Study of fauna
During all of 2008, inventory was taken of the species that live in the temporary
ponds as well as those that use them as a resource or to complete a part of a life
cycle. Different techniques were combined: net sampling, direct observations,
camera traps described by Silver et al, (2004), and the identification of tracks and
signs like feathers, hair and excrements.
Study of flor
During all of 2008, inventory was taken of the floristic resources found inside the
temporary ponds and their surroundings.
A list of the species found was put together using determination keys of the
Balearic flora to identify the species (Gil and Llorens, 1999), hence creating floristic
catalogue with which we could which species have a botanical conservation interest.
The vegetation related to the temporary ponds of the natural park of Mondragó
and the communities has also been analysed and classified. To determine the communities, we have followed the fitosociological criteria found in Llorens et al., (2007).
RESULTS AND DISCUSSION
Fauna
78 species belonging to 7 different classes have been found. The classes found were:
Branchiopoda (2), Malacostraca (2), Gastropoda (7), Anostraca (1), Copepoda (1),
Insecta (11), Reptilia (2), Mamalia (6), Aves (46).
Most interesting is existence of the crustacea Triops cancriformis (Bosch, 1801),
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Branchipus schaefferi (Fischer, 1834), Metadiaptomus chevreuxi (Guerne et Richard,
1894) and Alona elegans (Kurz, 1874), all these species were considered as new discoveries for the natural park of Mondragó.
In relation to the insecta found, Velia caprai (Tamanini 1947) and Notonecta
viridis (Delcourt, 1909) were found in pond a, the rest of the insecta found correspond to insecta that occasionally visited the temporary pond to use water and salts
as a resource (eg. Lepidoptera) or spend part of the life cycle inside the water, like
Odonata or Diptera (eg. Culex pipiens (L, 1758), Aedes punctor (Kirby, 1738)).
In two of the four temporary ponds the reproduction of Bufo balearicus could be
observed (Boettger, 1881). This fact was considered as the first record of reproduction in the protected area.
Two of the four reptile species found in the Natural Park of Mondragó (Pinya et
al, 2007) visited temporary ponds regularly, especially the ones that stay flooded for
longer periods. The species found were Macroprotodon mauritanicus (Guichenot,
1850) and Tarentola mauritanica (L, 1758), which were especially abundant in the
late springtime.
46 species of birds where observed visiting the ponds at least on two occasions
during the study period. Six species of mammals were detected, most remarkably
Martes martes (Linnaeus, 1758), which were especially abundant at the time when
B. balearicus emerged metamorphosed.
In terms of biodiversity, this data shows how temporary ponds are not only
important for species that live inside them like T. cancriformis, B. schaefferi or M.
chevreuxi, but also for those that spend part of the cycle life inside the water body
like B. balearicus or Odonata, or regularly visit the water body as a resource like birds
and mammals.
Flora and Vegetation
102 species belonging to 39 families have been localized among all four temporary
ponds. This number is not especially high, but we should consider that only the areas
nearest the temporary ponds have been surveyed during the active period of the
ponds. 22 of the 102 species found (21,4%) are considered new species for the natural park of Mondragó (Alomar, 2005; Sáez, 2002). As a consequence, in the protected area there is a flora biodiversity of 533 species.
The species of higher conservation interest found in the temporary ponds are:
Damasonium alisma subsp. bourgaei, Crassula vaillantii, Ranunculus peltatus, and
Elatine macropoda. For all of them, these observations represent an increase in the
known distribution area on the island of Mallorca. This fact is especially relevant in
the case of D. alisma subsp. bourgaei and E. macropoda, which are catalogued in the
red book of Balearic flora (Sáez and Rosselló, 2001), in both cases under the category of vulnerable.
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All these species belong to the communities of temporary pools, and so, compose
part of the priority habitat of the European Union, within Natura 2000, included in
the class Isoeto-Nanojuncetea (Damasonio bourgaei-Crassuletum vaillantii), code
3170 of the Habitat Directive. This type of temporary pond can be considered as one
of the most unique humid habitats of Mallorca (Llorens et al., 2007).
The vegetation observed in the studied temporary ponds is formed by three associations belonging to 3 different fitosociological classes. These associations represent
a natural succession through the active period, or during the process of filling with
sediment. Thus, Ranunculetum baudotii represents the most aquatic vegetation,
which occurs in the deeper and the longer period of inundation of temporary ponds.
They are found in three of the four temporary ponds. On the contrary, Saxifrago tridactylites-Sedetum stellati represents the typical vegetation of the temporary ponds
that have been completely filled with sediment, which occurs in the surroundings of
the ponds that contain water. In an intermediate situation, Damasonio bourgaeiCrassuletum vaillantii is the most amphibious vegetation, it can develop part of its
cycle (germination and production of leafs) during the period of inundation, but the
process of flowering and especially the fructification period, take place when the
temporary pond has dried completely. This explains why we found this vegetation
in the margins of the deeper ponds or even in the ones that have very little depth.
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MANAGEMENT AND CONSERVATION OF TEMPORARY PONDS:
OPPORTUNITIES AND CHALLENGES IN THE NEW MILLENNIUM
Angeler, D.G.(1)
Abstract
The development of sound management and conservation tools is essential to guarantee the integrity of temporary ponds and the ecosystem services they provide to
humans and wildlife in an epoch of rapid environmental change. Despite our understanding of basic ecology of temporary ponds being still limited, recent trends highlight an increased interest in solving the problems that threaten these ecosystems.
Wetland science provides many examples of ignoring or violating ecological theory
when it comes to offering solutions for habitat creation, impact mitigation, or
restoration. So it is all the more critical to learn from these failures to benefit future
management and conservation schemes of temporary ponds. Given the ecological
complexity of these ecosystems, management solutions will doubtlessly be less complex due to interacting environmental and socioeconomic factors. Given that the
magnitude of this complexity is difficult to foresee, the aim of this paper is to provoke thought on potential management and conservation dilemmas rather than suggest a panacea for solving them.
Keywords: global change, hydroperiods, propagule banks, landscape ecology, restoration
INTRODUCTION
Many temporary ponds are biodiversity ‘hotspots’, providing fundamental ecosystem services to wildlife (e.g., breeding and foraging habitat) and humans (flood protection, aesthetic and recreational values) (Williams, 2006). Despite intensified
research in recent years, their ecology remains poorly understood and many of these
little-known ecosystems continue to disappear at an increasing rate due to agricultural expansion, alteration of flow regimes, draining and damming, and habitat fragmentation. These threats are likely to intensify with climate change so their sustainable use and effective management is all the more critical.
Temporary ponds are ideal ‘field laboratories’ for testing current ecological theory (De Meester et al., 2005). A thorough understanding of the basic ecology of temporary wetlands will undoubtedly be crucial for the sound management and con-
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servation of these ecosystems. Wetland science provides many examples of ignoring
or violating ecological theory when it comes to providing solutions to applied problems, including habitat creation, mitigation of impact, or the restoration of habitats
and biota (Zedler, 2000). Learning from these failures will ultimately benefit future
management and conservation programs of temporary ponds, but the ecological
complexity of these ecosystems will also require complex management solutions,
which will depend to a varying degree on specific local and regional socioeconomic factors.
This complexity is currently difficult to envision and limits our possibility to
make generalised suggestions on how temporary ponds should be managed in the
future. Notwithstanding, several key ecological issues are emerging in temporary
pond ecology that will likely set the stage for the success of future management and
conservation programs. Landscape characteristics and hydroperiods are likely to be
strong players in future basic and applied temporary pond ecology. The aim of this
paper is to highlight the need to contemplate these factors.
HYDROPERIODS: A DILEMA FOR MANAGEMENT AND CONSERVATION
Having the sampling gear prepared, nothing makes the enthusiastic naturalist
(including the professional wetland ecologist) happier than seeing how temporary
wetlands fill after abundant precipitation. The time has come to study the wealth of
biological diversity! It is nothing new that temporary wetlands harbour a wide array
of animal and plant species (Williams, 2006). Their community structures show substantial variability within and between hydroperiods but are ultimately dependent on
the length of water permanence. Many taxa, like e.g. the large Branchiopoda, occur
exclusively in temporary environments, often in as inconspicuous of habitat types as
wheel tracks (Boven et al., 2008), and therefore have high conservation value. Temporary wetlands also serve as important breeding and foraging ground for a wide
range of taxa, including threatened herpetofauna or waterfowl. In short, revealing
and quantifying the wealth of this diversity is not only relevant for understanding
basic ecological features of temporary habitats, but also for providing useful information for policy development and implementation (e.g. the European Water Framework Directive) that may translate into effective management and conservation.
Temporary habitats are arranged along gradients of hydroperiods and flood frequencies, including sites that may be wet for only a few days once in a century to others that flood seasonally showing prolonged hydroperiods. Flood frequencies and
hydroperiods may also show strong variability within and between years as a function of climatological conditions. Given that global climate change substantially alters
future hydrological regimes at local and regional scales or mediates other types of
natural (droughts) and anthropogenic stress that may feed back to hydrological
processes, shifts in hydroperiods and flood frequencies are very likely to occur (e.g.
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Alvarez-Cobelas et al., 2005; Angeler, 2007). We may increasingly face the situation in
which we have our sampling gear prepared, but the wetlands do not flood.
Prolonged drought periods will undoubtedly pose limitations on studying temporary habitats during the usually short life span of scientific projects. How can we convince politicians and the general public that dry temporary ponds are not just wasted
land (or a waste of tax payers’ money)? Given the dual nature of temporary ponds we
will need indicators that emphasize this duality, i.e. require measures that can be used
both during the wet and dry phases to evaluate the ecological integrity and/or the
impact of anthropogenic stressors. Recent research puts emphasis on egg and seed
(propagule) banks which are available during both phases and which can be useful
complements and/or alternatives to indicators that depend on the presence of water
for assessing the ecological integrity of temporary ponds (Angeler and García, 2005).
The rationale of using propagule banks for temporary wetland assessment rests
on the fact that they integrate natural disturbance dynamics and the impact of
anthropogenic stress over spatial and temporal scales (Brendonck and De Meester,
2003). The communities that develop from experimentally rewetted propagule banks
have been shown to highlight a broad range of impacts, including nutrient enrichment (Angeler et al., 2008a) or hydroperiod alterations (Jenkins and Boulton, 2007).
The latter study is an example that comes down squarely on a core issue in temporary wetland ecology. It raises the question of whether repeated failure of flooding
can deteriorate propagule banks beyond a critical point were they become useless
for ecological integrity assessment. Loss of propagule bank potential can have far
reaching negative consequences for pond ecology as many structural and functional properties depend directly or indirectly on them, like e.g. resource provisioning
(food, refuge and reproduction) for invertebrates, amphibians and birds. It is therefore all the more critical to guarantee hydroperiod conditions that maintain wetland
ecological integrity in the long term. The study of Jenkins and Boulton (2007) suggests that emergence from propagule banks can serve as a useful early warning signal of the negative impacts of hydrological alterations on temporary environments,
and alert scientists and managers to take action for conserving the value of temporary wetlands.
Artificial management of hydroperiods
The next logical step would be to manage hydroperiods artificially to avoid deterioration of propagule banks and the ecological value that could be derived from them.
However, the lack of long-term data currently does not permit us to reconstruct the
duration and frequencies of flooding events and complicates the definition of hydrological management goals for many temporary ponds. Such information is crucial if
the remedy should not be worse than the disease. Unfortunately, many examples
exist that hydrological management is currently jeopardizing the ecological integri301
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ty of many temporary sites. Such examples include the impounding of temporary
wetlands due to water storage or management of breeding habitat of target water fowl
populations using inefficiently treated waste waters (Angeler et al., 2007).
Often, there is a perception that drying is a ‘negative’ process and that a management goal in arid areas should be the provision of more bodies of permanent water
(Boulton et al., 2000). There are two potential problems with these perceptions. The
first relates to the loss of natural hydrological variability (including drying) that
seems to underpin nearly all ecological and biogeochemical processes in temporary
wetlands. For example, a 19-year study of waterbirds across 12 floodplain wetlands
showed that permanent inundation of six of these wetlands caused a decrease in densities and diversity of waterbirds than observed in the other six temporary wetlands
(Kingsford et al., 2004). Reduced hydrological variability also impacts virtually every
other biotic component of these temporary wetlands (Jenkins et al., 2005). The second issue in these constructed states relates to the way new hydrological conditions
favour other impacts such as exotic fish and their persistence in the system. It is
unclear whether alternate states of temporary waters that have been used as storage
and then decommissioned and allowed to return to their previous state are irreversibly changed when exotic species such as carp have been present for long periods. Encouragingly, waterbird densities and diversity did rise sharply when a water
storage lake dried out (Kingsford et al., 2004). Nevertheless, ‘secondary impacts’ may
complicate predictions about return to a preferred state by simply manipulating
hydrology.
MANAGEMENT AND CONSERVATION: NEED OF A LANDSCAPE
PERSPECTIVE
It is becoming increasingly clear that lakes and wetlands must be viewed as integral
landscape units that depend on, and interact with, landscape processes across spatiotemporal hierarchies, rather than comprising isolated and independent microcosms.
Although studies investigating the impacts of land-use/land cover (LULC) change in
aquatic ecosystems have shown varied results, an increasing number of studies highlight the negative impacts of LULC change on the ecological integrity of aquatic ecosystems, including temporary environments (overview in Angeler et al., 2008b).
Landscape ecologists are increasingly recognising that spatial and temporal patterns are hierarchically structured, non-linear processes that vary as a function of
domain size and study frequencies (Allen and Starr, 1982; Wiens, 1989; Kotliar and
Wiens, 1990). Thus the identification of scales at which landscape processes affect
aquatic ecosystems locally should be the first step towards an integrated aquatic
resources management. This is especially important in agricultural landscapes where
the impact of LULC characteristics on local habitat conditions and communities can
vary with spatial scale (e.g., Declerck et al., 2006). However, recent results show that
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different taxa respond in different ways to scale-dependent impacts in agricultural
landscapes, highlighting the need for multigroup assessment programs.
Fernández et al. (2009), for example, used a multivariate variance decomposition
approach to determine taxon-specific associations of zooplankton communities
banked in dry pond soils (rotifers, cladocerans) with local habitat features and landscape characteristics across four spatial scales (100 buffer strip, 1, 5, and 10km scales)
in the Campo de Calatrava area (central Spain). Their results show similar degrees of
correlation between rotifer and cladoceran communities with local habitat conditions
(chiefly water quality), which was interpreted according to life-history traits of component species of wetland propagule banks. Associations with landscape features varied between the communities with rotifers correlating with landscape structural features only at the buffer scale, while cladocerans showed no significant correlations
with landscape characteristics across all scales. The results of this study contrasted
strikingly with a previous population-based study, where populations of Triops cancriformis and Branchinecta orientalis were significantly correlated with landuse features at the broadest scale (Angeler et al., 2008b). While these results highlight the
high risk of drawing false conclusion if only single communities are studied, their
combination suggests that a three-way management scheme could be useful for conservation of zooplankton resting egg banks in the remnant wetland complex. These
schemes could focus on the restoration of wetland water quality, the establishment of
vegetated buffer strips around the ponds to counteract degradation resulting from
runoff, and reforestation and/or the creation of hedgerows in agricultural catchments
to avoid impacts resulting from broad-scale diffuse pollution fluxes.
In addition to scale-dependent landuse characteristics, other landscape structural features will play an important role in temporary wetland ecology at broad spatial
scales. Because temporary ponds can be completely surrounded by upland at the
local scale, there is utility in viewing such temporary wetlands as aquatic islands
embedded in a terrestrial sea (Ebert and Balko, 1987). The spatial position of pond
islands within landscapes could influence dispersal patterns of organisms or other
processes, thereby mediating in the ecological structure and functioning of temporary ponds at local and regional scales. Increased fragmentation within pond networks resulting from agricultural conversion of temporary ponds could comprise
insurmountable migration barriers of selected taxa and trigger complex ecological,
often detrimental, responses at the whole ecosystem level. These complex responses could be magnified if different forms of anthropogenic stress impose strong environmental gradients on the landscapes. Therefore understanding how these spatial
and environmental gradients interact to influence the ecology of temporary ponds
will be critical for management and conservation. Recent advances within the metacommunity framework could hold potential to model and assess the relative role of
spatial and environmental factors in temporary pond ecology.
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CONCLUSIONS
The dual nature of temporary ponds with recurrent dry and wet periods makes them
unique habitat types, which will need unique management and conservation programs. Scientists and managers should consider the mutual dependence of both periods for the overall ecological functioning of these ecosystems, a prerequisite for
developing integral assessment, mitigation, restoration and conservation tools. The
growing awareness of the uniqueness, biological value, and role of temporary ponds
in our anthropogenically modified landscapes will provide us with a better knowledge of these poorly studied and threatened ecosystems, thereby creating opportunities for management and conservation. Moving away from a Forbes view of temporary wetlands as ecologically isolated landscape units to consider integral local
and landscape-scale processes will be among these opportunities. Challenges will lie
in adapting and implementing the opportunities to the specific environmental settings arising from the constraints that future global change imposes on hierarchically interacting socioeconomic and ecological factors.
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INVENTORY OF TEMPORARY PONDS IN MALLORCA
Muntaner, J.(1), Moragues, E.(1), Ramos, I.(1) and Mayol, J.(1)
Abstract
An inventory of temporary ponds on the island of Mallorca is being carried out, the
first of its kind for the island. Until 2009, a total of 195 temporary ponds have been
identified, but the inventory is still open. A vast majority, 88.72%, is located in the
municipality of Llucmajor, due to the peculiarities of the terrain, with numerous outcrops of calcrete with ditches that facilitate the accumulation of rainwater. A vast
majority are small or very small, with few exceptions, less than 10 meters long at their
widest part. They have traditionally been used by man and many have stone buildings next to them without cement to protect or cover them. Some have undergone
changes to increase the collection of water or total capacity. Moreover, they were kept
in good condition, eliminating unwanted vegetation or removing sediments. Currently, due to abandonment of traditional farming practices, many of them are deteriorating.
Keywords: temporary ponds, inventory, Mallorca, Spain.
INTRODUCTION
In the 1990’s, the Protection of Species Service of the Environmental Department of
the Government of the Balearic Islands started an inventory of the temporary ponds
in Mallorca. This is the first of its kind that is being performed on the island. This
public inventory has already reached very advanced stages although it is still open
and new sites are being added.
In the south of Mallorca, the lack of surface water flow and springs due to scarce
annual rains caused man to use temporary ponds and their waters since the times of
his arrival to the island. This is why many such ponds are directly related to humans
and have constructions made of stone next to them such a enclosures and partial or
total shelters, modifications, and even more or less elaborated irrigation channels so
as to increase the arrival of surface waters. Some of these buildings are magnificent
examples of the ancient art of stone building without foundations, taking advantage
of the stones found around the area. Some of them show improvements made using
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more modern construction materials. There seems to be a relationship between the
first prehistoric constructions and temporary ponds. Many rural constructions erected afterwards are also related to them and to temporary ponds, some of which can
still be seen next to houses. Many roter shacks, very simple constructions built with
stone and wild olive beams, which were first built in the 14th century by very lowly
peasants who worked less fertile areas, are also found next to temporary ponds or
very close to them. Improvements made recently by man hoped to reduce evaporation by covering part of the ponds with different structures, none of which using traditional materials.
These ponds were maintained and emptied of sediments brought by rainwater
drainage. Trees and bushes also had to be prevented from growing inside the ponds
since the roots put an end to the impermeability of the ditch floor. Nowadays, due
to abandonment of such practices, silting advances very quickly in many temporary
ponds.
MATERIAL AND METHODS
The basis for the inventory was information supplied by researchers from the University of the Balearic Islands, who throughout the last decades of the 20th century
started some botanical studies on certain temporary ponds. Most of the project has
been carried out in the southern area of Mallorca, in the municipal area of Llucmajor, since the geological features of the ground favour the existence of many temporary ponds. The first approaches were based on the toponyms found in the charts of
the National Topographic Map of Spain (scale 1:25.000), and above all, on the maps
of toponyms entitled Corpus of the Cartography of Mallorca, published by Josep Mascaró Pasarius between 1962 and 1967. At the same time, some information was collected from owners, peasants, cattle farmers, hunters and Environmental agents so
field research could begin. During this decade, two helicopter flights were made over
the area of Llucmajor in order to find and photograph new ponds that would later be
visited. More findings were made in further helicopter flights devoted to other aims
around different areas of Mallorca. Currently, digital cartography produced by satellites and available on Internet is also being used, in particular, SIGPAC, of the Agriculture Department, and Google Earth, which is progressively improving its quality.
There is a computerised file available for each identified temporary pond. In such
files the following date appears: name and municipal area, registration number, number of private game preserve (if relevant), UTM coordinates, location (along with a
brief description on access) and ecological value (with information about its environmental value when known). All files include one or more photographs of the temporary pond and one orthophoto where the exact location is pointed out, and, when
necessary, some text attached naming the most relevant geographical points of the
surroundings so as to find it more easily.
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There is also a file of digital pictures for each site or of groups of temporary ponds
found in the same property or plot of land.
RESULTS
Inventoried sites
Up to now, 195 sites have been inventoried, 173 of which (88.72%) are found in the
area of Llucmajor, in the south of Mallorca. The rest are located around other different municipal areas. Plus, some information has been collected and we have photographed other surface water deposits that may be related to the existence of older
temporary ponds.
Figure 1. Distribution of natural or altered temporary ponds located in Mallorca.

Characteristics of temporary ponds in Mallorca.
With few exceptions, temporary ponds in Mallorca are usually small or very small
and have diverse shapes. Most ponds are less than 10 meters long. The largest two
that we know of have a surface area, in periods of maximum water level, of 800 and
500m2, followed by other smaller ones, still large in comparison with the rest, ranging from 200 to 150m2. In the inventory herein there are also small temporary ponds
called cocons in Catalan, especially if they are related to notable flora and fauna. Likewise, we have also inventoried those deposits built on ponds that are the result of
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their intense alteration. Sometimes, some groups are found of one or more ponds
and cocons in a small area that are usually recorded as a sole unit. Generally, they are
located in very shallow ditches formed on limestone plates. Such plates, technically
called calcrete, are particularly abundant in the southern area of the municipal area
of Llucmajor, in the south of Mallorca, although similar surfaces are also found in
other municipal areas such as Campos, Ses Salines and Santanyí. The impossibility
to work the areas were such plates are abundant has caused these plots to be covered
by typical vegetation of Mediterranean bushy areas, among which usually the most
relevant bush species to highlight is the wild olive (Olea europea var. silvestris). Therefore, many temporary ponds are located on plots of land full of Mediterranean bushes, sometimes perfectly demarcated by dry stone walls that separate them from nearby crops.
We must point out the existence of two large endorreic hypersaline temporary
ponds located at sea level with characteristics different from those aforementioned.
They are found on the south cone of Mallorca, in the municipal area of Ses Salines.
They are the Tamarells temporary pools (approx 24Ha of surface area at maximum
levels). They both have a vegetation belt for Tamarells pool is fairly wide and a large
population of salicornia (Arthrocnemum macrostachyum and Sarcocornia fruticosa)
and trees of the Tamarix genus.
Temporary ponds in Llucmajor
The southern half of the municipal area of Llucmajor is a vast platform above sea
level. The surface layer of this platform is a large calcareous plate formed during the
Quaternary era by accumulation of calcium carbonate, geologically known as calcrete. This plate, whose thickness can range from a few centimetres up to two meters,
has been covered, in great part, by a relatively fine layer of earth of African origin
that was and still is brought by south and southwest winds (Fiol et al., 2001). This
plate is well known by local farmers since it must be drilled to plant a tree. In the
small and shallow ditches that have randomly formed on plates and remain uncovered, temporary ponds are found. Another element to bare in mind is the Mediterranean climate, with two annual rainy seasons, one in autumn and winter and another in spring, and with severe summer drought. Rains in this area range from 300 to
400mm a year and are enough to fill such ditches. All these ponds dry up if there is
no rain for a period of one or two months. Generally, at the end of May or in June
they are completely dry. In years of draught they do not fill up or carry very little
water that evaporates quickly.
Environmental values
Temporary ponds are an ephemeral, unique environment of highly reduced dimensions. Many species that live in and around them are adapted to such conditions and
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Figure 2. Distribution of the inventoried temporary ponds until 2009 in the southern part of the
municipal area of Llucmajor (Mallorca).

usually have short life cycles. In many cases, they have ways of enduring prolonged
dry periods, even for some years. There are studies on flora and invertebrate fauna
in a representative sample of temporary ponds in southern Mallorca. Plants colonizing the pools can be ordered according to a zonage model depending on a gradient of flooding of the substrate. This zonage cannot always be observed clearly in
nature because of the morphological features of ditches that, in some cases, have too
abrupt of shores to find gradual changes in these communities. In silted ditches, often
forming pools but almost never flooded, a community appears with hygrophilic
species such as Juncus bufonius, Sagina apetala, Polypogon subspathaceus, Mentha
pulegium, Myosurus minimus and Poa infirma, amongst others. Within the pools, in
areas usually flooded but that can be observed at the end of the season, mainly Callitriche brutia, Elatine macropoda, Marsilea strigosa, Ranunculus peltatus and Damasonium alisma can be found. On pool shores or in shallow ditches on very wet
grounds that only flood sporadically, the colonizing species are Lythrum hyssopifolia and Crassula vaillantii. Some pools can also be identified for their generally
monospecific populations of Lemna gibba (Rita, 1988; Rita and Bibiloni, 1991).
Invertebrate fauna is quite varied, among which eufilopodia, branchiopod, and cope311
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pod crustaceans are most common. A unique representative, due to its physiognomy and large size, since it can reach 70 millimetres, is the Triops cancriformis, which
is found in many sites. Molluscs such as Ferrissa wautieri (Jaume in Muntaner, 2006)
can also be found. Among vertebrates, the amphibian Bufo balearicus is common,
using temporary ponds to reproduce. Moreover, these water sites are usually used as
watering holes by many birds and the Mediterranean tortoise (Testudo hermanni).
Given its environmental values and its biodiversity, temporary ponds are a prime
habitat included within the Anexo I de la Directiva 92/43/EEC (Annex I to Guideline
92/43/EEC), known as Directiva Hábitats (Habitat Directive). Furthermore, two of
the species present in this environment are also found in annexes of such Directive:
the fern Marsilea strigosa (Annex I) and the amphibian Bufo balearicus (Annex IV).
CONSERVATION EXPECTATIONS
Most temporary ponds are located on private property, clearly a handicap for any
activity of conservation that must be done. The progressive abandonment of the
country and of traditional farming practices has caused the deterioration of many
temporary ponds, being filled with sediments or invaded by unwanted vegetation.
In the worst cases, they have been used as dumping areas for stones and rubbish. Historically, temporary ponds were periodically emptied of accumulated sediment from
drain water, rain water was conducted to ponds through irrigation channels, shelters that had been placed were maintained so as to avoid evaporation, and enclosures
with stone walls without foundation avoided or controlled the access of cattle.
Recently, some actions have been taken with unwanted construction materials, abandoning traditional constructions.
In 2006, the Species Protection Service of the Environment Department published a book entitled Les Basses temporals (temporary ponds) directed to the general public where the characteristics of the temporary ponds of the Balearic Islands
were explained with abundant graphic material, as well as their conservation problems and recommendations for maintenance. The book was extensively distributed,
especially among owners of game preserves in Llucmajor, where most temporary
ponds are found. A pdf version of this document can be found on the website of the
Environment Department (http://dgcapea.caib.es/www/pe/001d.htm).
In 2006 a comprehensive list of temporary ponds was submitted to the General
Office of Water Resources of the Balearic Government to be included in the new
Hydrological Plan of the Balearic Islands that is currently being deliberated.
It has been planned to start contacting the owners of temporary ponds with problems of conservation so as to begin restoration work, mainly to remove stones fallen inside and sediments, as well as to prune bushy vegetation that cause eutrophization problems.
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CONSERVATION PLAN FOR THE MEDITERRANEAN TEMPORARY
POND HABITAT IN W. CRETE
Dimitriou, E.(1)
Abstract
Mediterranean Temporary Ponds (M.T.P.) are a priority habitat (Natura code: 3170*)
in Annex I of the Directive 92/43/EEC. This substantially vulnerable and unstable
habitat exists in small depressions that due to their specific characteristics are under
significant human and natural pressures and have become prone to extinction. A
Life-Nat ’04 (MEDPONDS) project has attempted to restore and conserve five (5)
M.T.P. habitat sites on the island of Crete. Strong opposition from local communities at the beginning of the project created significant difficulties in the consensus
achieving process but progressively the added value of the project activities have
changed the people’s perception. As was made apparent, Mediterranean Temporary
Pond habitats constitute a comparative advantage of the study areas, and their conservation may be directly and effectively combined with existing economic activities (agriculture / livestock, tourism, services) as well as to promote future sustainable development of the areas under consideration.
Keywords: W. Crete, conservation, Natura 2000, MTPs, priority habitat
INTRODUCTION
This MEDPONDS Life-Nat ‘04 project’s main goal was to study, restore and conserve
the Mediterranean Temporary Pond (M.T.P.) priority habitats (Natura code: 3170*)
on the island of Crete (www.life-medponds.gr). This habitat usually occupies depressions, often endorrheic, and is particularly well represented in arid, semi-arid and
Mediterranean-type regions. MTP habitat is defined and characterized by variability in size and in hydrological functioning as well as the ephemeral nature of their
wet phase (hydroperiod) and dominant vegetation type that is comprised mainly of
Mediterranean therophytic and geophytic species (Zacharias et al 2007). Five sites
have been targeted (fig. 1) namely: Gavdos Island (GR4340013), Drapano – Georgiopoulis – Lake Kourna (GR4340010), Nisos Elafonisos (GR4340002), Imeri and
Agria Gramvousa – Tigani and Falasarna, (GR4340001), Lefka ori (GR4340008).
In Greece, agricultural intensification over the last 3 decades in combination with
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public ignorance and lack of environmental education regarding the value of the
MTPs have led to a continuous increase of habitat pressures and consequently to
their deterioration (Zacharias et al., 2008). The most significant threats to this habitat in Crete are (Dimitriou et al., 2006, Zacharias et al., 2007): 1) Hydrological alteration due to water overexploitation, artificial drainage and recharge, 2) Overgrazing
due to intense livestock practices, 3) Water pollution and especially eutrophication
originating from unsustainable agricultural practices, 4) Solid waste disposal, 5) Public ignorance and tourism (i.e. 4x4 vehicles, horseback-riding, football fields), and 6)
lack of legally enforced protection. The project actions involve: Ecological monitoring, habitat mapping, estimation and restoration of the habitat hydroperiod,
water/soil quality monitoring and restoration, development of a habitat management
plan and respective implementation activities, increase of public awareness, and
gaining support from local people for the project objectives.
SOCIOECONOMIC REGIME OF THE STUDY AREAS
Drapano – Georgioupoli – Lake Kourna (Code: GR430010)
Lake Kourna is located in a highly significant area in terms of tourism (Municipality
of Georgioupoli) with large numbers of visitors especially during the summer, and a
significant number of tourist lodgings, reaching 12% of the total number of buildings
in this area. Moreover, the relative majority of the economically active population is
engaged in the Τertiary sector (45%) while the Primary sector follows with 35% of the
population (Gkekas et al., 2006). Around Lake Kourna and close to the wetland of
interest a significant number of taverns and coffee shops operate at least nine months
of the year and service a significant number of visitors. Also in this area, a high number of ecotourists can be found, who come to Lake Kourna to observe the migratory
birds. Agricultural and grazing activities near the wetland area do not seem to affect
the habitat significantly. The pond in the area of Lake Kourna is located close to the
lake’s shoreline and therefore belongs to the lakeshore zone, which constitutes State’s
land. Therefore, the main group of interest for the project’s objectives is the owners of
the taverns and coffee shops located around the lakeshore, who maintain a cautious
attitude towards environmental protection efforts, since they believe that constraints
in their operation may be enforced as a result of such measures.
Imeri and Agria Gramvousa – Tigani & Falasarna (Code: GR 4340001)
At Falassarna the majority of the population is involved with agriculture (approximately 41% of the economically active population) while a significant part is involved
in the Τertiary sector (37%). Falassarna beach, located about 1km north of the wetland, is one of the much-frequented destinations of W. Crete (Gkekas et al., 2006).
Nevertheless, in the coastal zone there are a limited number of touristic lodgings,
while the greater area is dominated by greenhouses (over 200) and cultivation (main316
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ly olive groves). Pressures on the wetland include agrochemical pollution and the
uncontrolled disposal of man-made materials, which come mainly from the greenhouses (Zacharias et al., 2008). The owners of the greenhouses are very sceptical of
the idea of environmental conservation measures since they want to maintain the
pre-existing polluting and uncontrolled land use activities. The pond at Falasarna is
located along the coastal zone and thus belongs to the State.
Figure 1. Map of the project sites

Elafonissos Island and the coastal zone (Code: GR 43400002)
At Elafonissi, there are also a large number of farmers (69% of the economically
active population), involved with greenhouse cultivation, while another significant
activity is sheep and goat grazing. The number of hotels in this area is the lowest of
the studied areas (0.3% of the total number of buildings), although this area constitutes a very popular touristic destination during the summer (one-day visits, Gkekas
et al., 2006). The most significant interest group in this area is the greenhouse owners and generally the landowners who are potential entrepreneurs of the tourism sector, given the present dynamics (increased demand for tourist services) and the low
degree of touristic development up to date. The areas of the ponds are mostly private
or disputed land while the ownership status is unclear (there are no contracts) in
many cases.
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Islands of Gavdos and Gavdopoula (Code: GR 4340013)
Gavdos Island is a relatively remote area south of Crete with significant infrastructure problems regarding mainly electricity and water supply. Its population is particularly small (about 65-80 permanent inhabitants), while economic activities are
limited mainly to the Primary and Tertiary sector, since 56% of the economically
active population is involved with agricultural activities and 26% with touristic enterprises. The main agricultural activity is grazing while recently the touristic sector has
presented a significantly increasing trend. This is also concluded from the proportion of touristic lodgings, which reaches 4% of the total number of buildings (the 2nd
largest proportion among the study areas, Gkekas et al., 2006). Moreover, during the
summer the number of tourists can greatly increase resulting in serious problems
regarding supplies, as well as power, water and wastewater management. In Gavdos
the ownership regime is also obscure and many areas fall into the use-occupation
regime, due to lack of contracts (no cadastre system available either). The locations
of the ponds do not receive significant pressures from private interests, especially
those situated away from developed areas and beaches (accounting for approximately
80% of the total number of ponds on the island, Dimitriou, 2009).
Lefka Ori – Omalos (Code: 4340008)
The area of Omalos is mountainous with limited touristic infrastructure, since 69%
of the economically active population is involved with the primary sector, and in particular with livestock. In the study area there are about 10,000 sheep and goats, which
stay there for about 9 months per year. The area’s buildings mainly include few residences and taverns, since the plateau’s local population is not more than 400 inhabitants, who move (due to the weather conditions) into nearby villages during the
period December – March (Gkekas et al., 2006). The limited extent of cultivation in
the greater pond area does not impose a threat to the habitat since the farmers do
not have a direct interest in the pond, (the pond’s water is not used for irrigation purposes, Zacharias et al., 2008). The pond area is located on Municipal land, and the
broader area around the pond is mainly composed of grasslands with natural vegetation, receiving, however, some pressure from over-grazing.
MTP SITE ASSESSMENT AT THE END OF THE PROJECT PERIOD
In the broader project area the lack of a cadastre system and the extended dispute
and illegal occupation of public land creates significant problems in the implementation of environmental related policies and conservation efforts. Local people often
consider preservation efforts as ‘dangerous’ for their economic activities in the sense
that an area of protected habitats or species may eventually end up in an attempt to
control man-made pressures and thus their activities (Dimitriou, 2009). The unwillingness of local and national authorities to come into conflict with local communi318
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ties frequently leads to relatively weak law enforcement. Under these particular and
difficult conditions, gaining the support of local people and authorities has been
attempted with and balance between demand for economic development and environmental preservation. For this purpose, a careful strategy has been implemented
to emphasize the socioeconomic benefits of the project for the local community and
to avoid direct conflicts and strong opposition that would undermine the ability to
implement the project activities (Dimitriou, 2009).
The project team maintained frequent contact with local people through regular
visits at their meeting points (usually coffee shops) to inform them about the project progress and particularly about the activities that may directly benefit them (e.g.
the borehole in Omalos, the watering network, eco-touristic infrastructure). Additionally, various MTP conservation issues are also discussed, such as avoiding specific practices that could have negative impacts on both the habitat and private interests (e.g. extracting soil from the ponds, abstracting significant amounts of water
from the MTPs, disposing of waste in the habitat, etc.). The outcome of these informal meetings was usually positive and a consensus has been achieved for different
aspects of the project that are also of interest for local communities (socioeconomic benefits). The many press article publications in important local newspapers have
been another effort to efficiently and analytically inform the public about project
achievements and the opportunities provided through the project activities for both
economic development and environmental preservation. Local authorities were also
regularly informed by the project team through official letters presenting the forthcoming project activities as well as through visits to the municipality offices where
all the issues of interest for the local authorities were discussed.
DEVELOPMENTAL PERSPECTIVES AND MTPs
It was made apparent throughout the project period that Mediterranean Temporary
Ponds constitute a comparative advantage of the study areas and their conservation
may be directly and effectively connected to existing economic activities (agriculture / livestock, tourism, services), while future development of areas under consideration would also be enhanced. Specifically, the following perspectives are highlighted for each economic sector:
Agriculture
The present requirements and approaches for agricultural activities necessitate a
change in mentality and practices in production by utilising environmental friendly cultivation methods and rational management of natural resources. In addition,
the existing status quo for subsidization and financing of farmers will change in form
and procedure in the context of the recently agreed upon Common Agricultural Policy (CAP) of the EU and will impose a combination of increasing the level of prod319
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uct quality and reducing environmental impact from agricultural activity. Therefore,
innovative and environmental friendly agricultural practices, such as solar remediation of soil, organic cultivation, reuse of irrigation water, etc. will be promoted and
preferentially applied in areas of particular environmental beauty and value (e.g.
Natura areas). Moreover, production from these protected areas will constitute an
advertising advantage and will have a particular value for the international market,
considering the proper agricultural practices that will be applied and certified on the
product’s label (Gkekas et al., 2006). Therefore, the occurrence of Mediterranean
Temporary Ponds in these particular areas of Chania Prefecture represents a significant advantage for farmers and may return substantial economic benefits, provided the proposed changes, consistent with the European legislation, be applied. In this
context, there is particular interest for the existing possibilities of financing from the
CAP framework, under various thematic axes including: a) integrated interventions
in areas under environmental constraints (axis 2), b) agricultural/environmental
measures (axis 3) and c) forestation of agricultural lands (axis 4). All the aforementioned axes are directly linked with the occurrence of Mediterranean Temporary
Ponds and of the Natura protected areas in the study areas, and therefore it is possible to directly finance local farmers to harmonize their activities with modern markets and environmental requirements (Gkekas et al., 2006, Dimitriou, 2009).
Tourism
Tourism in Greece and particularly in Crete is one of the most rapidly developed economic activities, which is expected to constitute the main boost for the country’s
development in forthcoming years. Over the last few years, about 14 million tourists
visit Greece annually. From this figure about 1.8 million visit Crete and 20% of these,
the Chania Prefecture. In Greece, 16.5% of the economically active population is
employed in Tourism, contributing about 14.3% of the GDP, while the figures for
agriculture are 16% and 6%, respectively. There is an evident dynamic for development of tourism with emphasis on alternative forms (ecotourism, agrotourism, etc).
About 35 millions European tourists are currently interested in alternative forms of
tourism and the annual rate increases by more than 20% (Gkekas et al., 2006). Also,
alternative tourism is diversified from mass tourism, from the quality criterion introduced in the services provided, as opposed to the economical criterion, on which
mass tourism was based. Therefore, the group of alternative tourists is composed of
people, usually with a high educational level, who are in favor of minimal human
intervention on the physical environment and are ready to pay the price for the
required development. This particular type of tourism also lengthens the touristic
season, since visiting important ecosystems is not constrained to the summer period. Therefore, the study areas, which belong to the NATURA 2000 network of protected areas and involve the priority habitat of Mediterranean Temporary Ponds,
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illustrate a unique chance of quick but also sustainable development of alternative
forms of tourism, which has been aided by the MEDPODS LIFE project (Gkekas et
al., 2006, Dimitriou, 2009). The development of alternative forms of tourism also
constitutes a priority according to new European and international policies and is
financed by a series of funding schemes included LIFE, Leader, Structural Funds and
particularly from the 4th EC Support Framework Program, provided that environmental protection and sustainable development are viewed as priorities when assessing each project’s strategic options (Gkekas et al., 2006).
In the context of the Life project, wooden educational kiosks, footpaths, and ecological fencing have been constructed, while significant amounts of printed informational material have been distributed and an intensive educational campaign carried out for all the study areas. Therefore, the essential basis for ecotouristic
development has been created, given the aforementioned activities, and the associated benefits for the local economies will become evident provided that cooperation
from the relevant stakeholders, as well as the continuation of some of the LIFE project’s actions continue (e.g. application of the habitat’s management plan, conservation and development of the project’s infrastructure).
CONCLUSIONS
The existence of Mediterranean Temporary Ponds in the study areas and the implementation of the relevant LIFE project may contribute, apart from aesthetic and environmental restoration, to the future economic development of the areas and the normal adaptation to the contemporary principles of agricultural and touristic
development, combining improvement in product quality and conservation of environmental values. In this context, ownership issues of these specific areas have to be
settled with the implementation of the relevant cadastre and land planning studies
for each Municipality, while it is essential to achieve an agreement between the area
stakeholders for the application of sustainable development principles in the particular areas from now on. The continuation of the environmental education action of
the project is also significant, since, as was evident from this study, a great number
of students and educators demonstrated strong interest in environmental issues and
participated actively in some of the project’s activities. Additionally, as shown worldwide, increasing public awareness is the only efficient approach for the successful,
long term, conservation of protected species and habitats.
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INVESTIGATING THE USE OF AQUATIC MACROINVERTEBRATES AS
INDICATORS OF HUMAN IMPAIRMENT OF SEASONAL WETLANDS IN
THE WESTERN CAPE PROVINCE, SOUTH AFRICA
Bird, M.S.(1) and Day, J.A.
Abstract
Aquatic macroinvertebrates provide a useful tool for biological assessment of streams
worldwide, but their applicability for assessment and monitoring of wetlands
remains uncertain. In South Africa, a rapid scoring procedure known as the South
African Scoring System version 5 (SASS5) is used for determination of stream
impairment using benthic macroinvertebrates. Empirical results indicate that SASS5
is not particularly suitable for use in wetlands, suggesting that indices specific to wetlands need to be developed separately to streams or by modifying SASS5 for use in
wetlands. This study investigates the feasibility of using aquatic macroinvertebrates
as a biological assessment tool in seasonally inundated depressional wetlands occurring in the winter rainfall region of the Western Cape Province, South Africa. Aquatic macroinvertebrates and various environmental constituents were sampled from
125 wetlands spread across the region during the winter-spring wet season of 2007.
A rapid assessment index was developed for this study and used to score likely
human landuse impacts on each site. The collected information was used to assess
the IBI multimetric index approach as developed by various agencies in the United
States, and a numerical biotic index approach with a similar framework to SASS5.
Regression analyses indicated weak patterns between candidate IBI metrics and
human impact factors and gave little support towards development of an IBI
approach for the given wetland type. Preliminary assessment of a numerical biotic
index similar to the SASS5 approach, but with tolerance scores derived for wetland
invertebrate taxa, suggests this may be a more feasible approach for using aquatic
macroinvertebrates to assess the biological condition of wetlands in the region.
Keywords: macroinvertebrates, aquatic macroinvertebrates, biological assessment, wetlands, wetland biological assessment, Western Cape wetlands
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INTRODUCTION
Wetland protection and management requires that assessment tools are developed
to establish and monitor the ecological condition of wetland ecosystems in order to
prioritise wetlands for conservation and rehabilitation actions and to monitor the
effects of such actions. Biological assessment or ‘bioassessment’ is one of the means
to investigate wetland conditions and involves the evaluation of ‘a wetland’s ability
to support and maintain a balanced, adaptive community of organisms having a
species composition, diversity, and functional organisation comparable with that of
minimally disturbed wetlands within a region’ (DWAF 2004, adapted from Karr and
Dudley 1981). Potential indicator groups for bioassessment purposes include macrophytes, algae and diatoms, aquatic invertebrates, birds and fish. Aquatic macroinvertebrates are regarded as the second most useful group for wetland bioassessment
worldwide, behind macrophytes (Adamus and Brandt, 1990; Adamus et al., 2001;
Butcher, 2003; DWAF 2004), although their ecological and functional roles in wetland ecosystems are not well understood. The topic of this study centres on the use
of aquatic macroinvertebrates as a bioassessment tool for wetlands in South Africa.
Successful bioassessment results have been obtained using wetland macroinvertebrates in parts of the USA (Kashian and Burton, 2000; Gernes and Helgen, 2002;
Uzarski et al., 2004) and Australia (Davis et al., 1993; Chessman et al., 2002; Davis et
al., 2006), suggesting their beneficial use for wetland bioassessment in other parts of
the world. In South Africa, a method of assessing and monitoring wetland condition
is required in order to meet both national and international legislative requirements
(DWAF, 2004). The South African Scoring System version 5 (SASS5, Dickens and
Graham, 2002) is the most recently developed scoring system for bioassessment of
South African streams using aquatic macroinvertebrates. SASS5 provides an effective and relatively easy-to-use means of assessing the water quality of streams in
South Africa using macroinvertebrates. Preliminary studies provide strong evidence
that SASS5 is not suitable for application to lentic wetlands, mostly due to a different suite of habitats, invertebrate taxa, and environmental conditions in wetlands
compared to rivers (Bowd et al., 2006; Bird, 2009). Given the inapplicability of directly applying SASS5 to assess lentic wetlands, this study investigates the potential for
developing indices specific to wetlands in South Africa.
Three broad approaches for developing bioassessment indices have been surmised from worldwide literature, namely the multimetric Index of Biotic Integrity
(IBI), multivariate methods, and numerical biotic indices. The multimetric IBI
approach was initially developed by the United States Environmental Protection
Agency (U.S. EPA) for use in rivers (Karr, 1981), but has since been successfully
adapted for use in wetlands (Teels and Adamus, 2002). Briefly, the approach involves
sampling wetlands across a gradient of human disturbance and assessing which
attributes of invertebrate community composition correlate with the gradient of dis324
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turbance. Invertebrate attributes that are good correlates with degree of impact are
incorporated into a set of metrics, which contribute to an overall index for the wetland type being studied. The total IBI index score is the sum of metrics constituting
the index, and offers an integrated indication of human impairment levels for the
wetland being scored. Multivariate methods generally involve the simultaneous statistical analysis of an array of environmental variables together with invertebrate data
for a set of wetlands within a specified region. This method aims to identify individual natural environmental variables or impact types that best explain variations
in invertebrate assemblage composition between wetlands. Despite the potential
power of instituting a multivariate biological assessment index, a large database of
information on the response of wetland invertebrate taxa to different anthropogenic
stressors is required in order to set up a reliable predictive model (Reynoldson et al.,
1997). The decision was taken to omit multivariate analyses from empirical investigations in the present study as the complexity of such an approach suggests it may
become feasible in the more long-term future in South Africa once larger databases
of information on responses of wetland invertebrates to human stressors become
available. In the shorter term, more user-friendly and rapid biological assessment
approaches are required to fulfil the urgent need in South Africa to develop invertebrate assessment indices for wetlands. The third index development approach, surmised from stream bioassessment literature, is the numerical biotic index approach.
This involves calculation of index scores by assigning numerical values to individual taxa (generally at the family level) based on their known tolerances to pollution.
Final index scores are generated by summing or averaging the values for all taxa or
individuals in a sample. Numerical indices are rapid and effective and are perhaps
the most popular choice of rapid bioassessment method for streams worldwide
(Armitage et al., 1983; Camargo, 1983; Stark, 1985; Chessman, 1995; Chessman and
McEvoy, 1998; Dallas, 2002; Dickens and Graham, 2002). SASS5 could be considered South Africa’s version of such an index approach. The only case-study testing a
numerical biotic index developed specifically for wetlands is that of Chessman et al.
(2002), who developed such an index for wetlands of the Swan Coastal Plain near
Perth, Australia. They assigned tolerance values to invertebrate families based on
responses to anthropogenic disturbance (primarily eutrophication) and suggested
that such an index could be easily adapted for use in other parts of Australia and on
other continents. The findings of Chessman et al. (2002) indicate the potential of
such an index in South African wetlands and the approach warrants further investigation in this study.
This study concentrates on one type of wetland (isolated depression wetlands) in
one region of South Africa (winter rainfall region of the Western Cape Province) and
incorporates the sampling of this wetland type across a gradient of human disturbance states. The aim of this study is to test the applicability of multimetric IBI and
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numerical biotic index approaches on these wetlands in order to comment on a suitable way forward for index development in the region.
METHODS
Study sites
The specific wetland type sampled in this study was isolated depressional wetlands
(see Ewart-Smith et al., 2006 for South African wetland classification system). The
majority of these wetlands are seasonally inundated (winter wet season) and dry up
in the summer. The aim of study site reconnaissance was to identify wetland sites
that occurred in close proximity (to control for variation of geographic factors), but
that were differentially impacted by human activity. In this regard, seasonal depressions were ideal as one area of low-lying coastal plain (e.g. Cape Flats) may contain
a huge number of depressions in close proximity, but human activity may also vary
drastically among these wetlands. Sampling was conducted during the late winter
and spring of 2007 (July-September), when wetlands in the Western Cape were fully
inundated. 125 wetlands were sampled, occurring on coastal plains of the Western
Cape winter rainfall region. Wetlands were sampled in three broad areas where they
reach maximum abundance (Fig. 1): west coast (least impaired and agriculturallyimpacted wetlands, 51 sites); Cape Flats (least impaired and urban-impacted wetlands, 51 sites); and the Agulhus plain on the south coast (least impaired and agriculturally-impacted wetlands, 23 sites). The wetlands constituting these clusters
varied in degree of impact and a targeted sampling approach was followed whereby
sites were chosen based on a priori judgement of their overall condition in accordance with the multimetric wetland bioassessment approach (Helgen, 2002).
Figure 1. The three major clusters of wetlands sampled within the Western Cape Province,
South Africa. A: West coast, B: Cape Flats, C: Agulhus Plain.
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Sampling
All 125 sites were sampled for aquatic macroinvertebrates using a square-framed,
long-handled sweep net with a 23.5cm mouth and 80μm mesh. To facilitate the goal
of collecting a representative sample from each wetland, three biotopes (emergent
vegetation, open-water and submerged vegetation) were sampled for invertebrates
within each wetland (Bird, 2007). Where not all of the three major habitats outlined
above were present (i.e. two out of three were present), a third ‘mixed’ sample was
collected comprising sweeps from both of the first two habitats present in the wetland. For wetlands with homogenous habitat types (e.g. all submerged vegetation),
three standardized samples were collected from three different areas of the wetland
so as to maximise spatial representation. Samples were standardized and made as
quantifiable as possible through a strict sampling method. Each sample comprised
3 × 1m sweeps for three different areas of the wetland, so that one sample was a
pooled combination of 9 × 1m sweeps from three different areas where the habitat
was found in the wetland. Three samples per wetland thus produced a total of 27 ×
1m sweeps evenly divided over the spatial area of the wetland and represented the
major habitat types. Three samples from the different habitats of each wetland were
preserved and stored separately. All samples were fixed on site in a formalin solution
of 10% formaldehyde in water and replaced with a 70% ethanol solution after 24-48
hours for long-term preservation. Once in the laboratory, vegetation was removed
from the samples and a standardized 20-minute macro-pick was conducted on each
sample, picking out invertebrates that were visible to the naked eye. Macroinvertebrates were identified to family and enumerated as the number of specimens per
family per sample. The only exception was for the order Acarina (water mites), which
were identified to order level as further taxonomic resolution would require specialist
expertise and is beyond the scope of user-friendly bioassessment methods.
In order to compare wetlands in terms of their trophic status, water column nutrient concentrations were measured at each site. Five 2L surface water samples were
collected from various parts of each site and pooled to form a bulk 10L sample, which
was then thoroughly mixed and sub-sampled to obtain a 200ml sample for analysis
of nutrients levels in the laboratory. PO4–P and NH4–N concentrations were estimated using a Lachat Flow Injection Analyser, as follows: ammonium was measured
using Lachat’s QuikChem® Method 31-107-06-1, based on the Berthelot reaction in
which indophenol blue is generated; orthophosphate was measured by forming an
antimony-phospho-molybdate complex using QuikChem® Method 31-115-01-1.
Approximate detection limits for Lachat’s orthophosphate are 15 μg.l -1 P and for
ammonium 5 μg.l-1 N.
A rapid assessment method for scoring landuse disturbances on depressional wetlands was formulated as part of this study in order to a priori classify wetlands in
terms of their landuse impacts. The expected impact of various human landuse types
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on each wetland’s water quality, hydrology and physical structure was scored quantitatively and is described in detail by Bird (2009). Scores for each impact type were
summed and contributed to an overall ‘human disturbance score’ for each wetland.
These ‘human disturbance scores’, herein referred to as HDS, were the output from
the rapid assessment method and were used as a proxy measure for human disturbance. To ease interpretation, HDS values were produced as percentage scores
through division of actual scores by the total possible score per site (a score of 70)
and then multiplying by 100. HDS scores were used to form the gradient of landuse
impairment among sites, whilst the nutrient measures were used to assess the gradient of trophic impairment among sites. The rapid assessment index to formulate
human disturbance scores was the product of several sources of information: a workshop at the University of Cape Town collating local expertise on the topic of human
landuse impacts on aquatic ecosystems; a modification of the protocol stipulated by
the Ohio Rapid Assessment Method (ORAM) for wetlands (Mack, 2001); and a
modification of the draft WetHealth protocol of McFarlene et al. (2008).
Data analysis
Macroinvertebrate counts per sample were converted to a standard density unit of
number of individuals per cubic meter of water column. Although habitats were
sampled separately, it was decided to combine the abundances per taxon over the
three habitats sampled so as to facilitate representation of data at a wetland level. The
macroinvertebrate counts per taxon were summed over the three habitats to get a
total abundance estimate at a wetland level. All invertebrate abundance data analyzed in this study was log10(x+1) transformed, as were the nutrient variables. This
was done because very large ranges in the raw data made linear interpretation of raw
data unfeasible. Data expressed in percentage form (e.g. HDS and certain metrics in
the IBI approach) were not transformed.
The multimetric IBI approach was investigated through the linear regression of a
wide variety of invertebrate attributes with human disturbance variables. These
attributes were surmised from the literature or were developed specifically for this
study. Attributes that showed predictable linear relationships with human impairment factors were chosen as metrics for inclusion in a multimetric IBI index. HDS
percentages and nutrient levels (PO4–P and NH4–N) were used as the human
impairment factors that were correlated against invertebrate attributes. In order to
test the numerical biotic index approach as an alternative to the IBI approach for seasonal depression wetlands in the Western Cape, individual macroinvertebrate families were related to human disturbance factors (HDS and nutrient variables) across
all 125 wetlands in order to assess which taxa were showing visible responses to
human-imposed disturbances (i.e. potential indicator taxa). Correlations between
individual taxa and the human disturbance variables were assessed through linear
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regression plots. Preliminary tolerance scores were assigned to each macroinvertebrate family using the trends in the regression plots. Once again, Acarina were
included at the order level, as families within this taxon are too obscure to be useful
for user-friendly bioassessment. Families found in less than 5 sites were considered
rare and were omitted from analyses.
RESULTS
Testing a multimetric IBI approach
Linear relationships between macroinvertebrate attributes and human disturbance
variables were weak and regression plots produced significantly scattered patterns
in the data. A fundamental premise of the multimetric IBI approach is that the
strength of the index developed depends on the strength of linear relationships
between metrics and human disturbance variables. Results of this study do not reveal
strong candidate metrics for inclusion in a biotic index. Regression analyses conducted on the full list of macroinvertebrate attributes revealed that 12 attributes
showed some sort of linear response pattern to the human disturbance variables.
However, the predictive power of these regressions is low due to the amount of scatter observed in the plots. Not all 12 of these attributes could be included in an index
together by virtue of double scoring, for example, % Corixidae and Corixidae (as
percentage of beetles and bugs) are both scoring the proportion of corixidae, but in
two different ways. In this regard, a final list of the 9 best attributes was selected as
candidate metrics for further analyses. Although these were the best attributes found
in this study in terms of linear response patterns, they were still relatively weak candidates as metrics, due to the degree of scatter around trends.
In order to apply these candidate metrics in an IBI-type multimetric index, three
levels of scoring must be used for each metric. Table 1 presents the 9 candidate metrics together with proposed scoring criteria. The IBI approach involves assigning a
score of “1” to categories reflecting poor or impaired wetland conditions, a score of
“3” represents moderate impairment and a score of “5” represents good or unimpaired conditions. The U.S. EPA suggests simple trisection of each metrics´ data
range in order to delineate scoring categories (Teels and Adamus 2002). However,
due to the weak trends found in this study and influence of outliers on data ranges,
it was decided to divide each attribute’s data range into three categories by examination of scatter plot results to produce more meaningful categories. Plots were depicted on a log scale for abundance attributes and thus interpretations had to be converted to absolute abundances for these types of attributes. Total IBI scores were
produced for each wetland by scoring the 9 candidate metrics as 1, 3 or 5 and summing the scores. The total IBI scores, which are the final output of an IBI index, are
used for delineating wetland impairment. In order to relate IBI results to the human
disturbance variables measured in this study, IBI scores were regressed against HDS,
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PO4 and NH4 (Fig. 2a). Although slightly circular, in that IBI scores were produced
using the same dataset as they were being tested on, the fit of these regression plots
is useful in determining how well the IBI scores produced using metrics from this
study were able to predict landscape disturbance (proxied by HDS) and/or trophic
levels (proxied by nutrient variables). Furthermore, this allows relative comparisons
to be made between the fit of different index approaches tested in this study. Results
show that whilst the expected negative correlations are highly significant (p values
< 0.05), visual analysis of the patterns reveals that there is considerable scatter in the
data and predictive power is not particularly good.
Table 1. Summary of the 9 most suitable candidate metrics that were included in IBI index testing. Abundances are standardized to no.m-3. See text for an explanation of IBI scores.

Metric

Range

Criteria

Score

Dytiscidae abundance

0-250

<10
10-100
>100

1
3
5

Sum Total Organisms

10-1000

<100
100-500
>500

1
3
5

% Chironomidae

0-100

<33
33-67
>67

5
3
1

% Corixidae

0-94

<31
31-62
>62

5
3
1

Physidae abundance

0-100

<33
33-67
>67

5
3
1

Total Coleoptera abundance

0-294

<10
10-100
>100

1
3
5
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Table 1. Continued.

Metric

Range

Criteria

Score

% Dominant 3 taxa

44-100

<44-63
63-81
>81

5
3
1

% Omnivores

0-100

Number of families (incl. Acarina)

1-19

<33

5

33-67

3

>67

1

<1-7

1

7-13

3

>13

5

Table 2. Suggested tolerance scores for macroinvertebrate taxa sampled in this study. For bioassessment purposes, certain orders have been included instead of families as this is the suggested level
of identification for a user-friendly biotic index. Abundances are standardized to no.m-3. Taxa
present in less than 5 sites have been omitted. See text for explanation of tolerance scores.

Taxon
Amphipoda
Anostraca
Baetidae
Belostomatidae

Suggested tolerance score
Acarina
9
4
5
8

N (number of sites atwhich
taxon present)
6
49
5
19
86
10

Chironomidae

0-10 individuals: score 7
10-100: score 5
>100: score 2

97

Coenagrionidae
Conchostraca
Corixidae
Culicidae
Dixidae
Dytiscidae
Gerridae

7
5
5
5
6
5
5

19
12
81
68
6
117
17
331

Management and conservation

Taxon

Suggested tolerance score

N (number of sites atwhich
taxon present)

8
5
2
5
5
5
5
5

12
15
25
55
13
11
15
75

Physidae

<5 individuals: score 5
>5: score 2

30

Planorbidae

<10 individuals: score 7
>10: score 5

27

7
7
6
7
5
5

34
44
15
5
22
5

Gyrinidae
Haliplidae
Hydraenidae
Hydrophilidae
Isopoda
Libellulidae
Lymnaeidae
Notonectidae

Pleidae
Pomatiopsidae
Scirtidae
Spercheidae
Stratiomyidae
Veliidae

Testing a numerical biotic index approach
Tolerance scores, reflecting sensitivity of the various taxa to human impairment,
were allocated on a simple whole integer scale from 1-9 (Table 2). Although SASS5
incorporates a tolerance scale of 1-15, it was decided that the patterns of association
between wetland invertebrate families and human disturbance observed in this study
were not clear enough to warrant the use of a scale as broad as SASS5. Taxa showing
a generalist response to human disturbance variables were allocated a median score
of 5. A score of 9 is indicative of a taxon that was only found in the least impaired
conditions in this study. At the other end of the scale, a score of 1 is indicative of a
taxon that was only found in highly disturbed sites, however none of the sampled
taxa actually met this criterion. Scores were allocated between 5 and the extreme
ends of the scale (i.e. 1 and 9) for taxa that showed varying degrees of response to
human disturbance, but did show potential as indicators. As with the SASS5 index
for rivers, total index scores were produced per wetland by summing the tolerance
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scores of taxa present. However, an important difference to SASS5 is that certain taxa
received tolerance scores weighted by their log-scale abundance in the wetland
instead of a flat score based on presence/absence alone. ‘Average score per taxon’
(herein referred to as ASPT) values were produced in the same manner as for the
SASS5 index by dividing total index scores at each site by the number of taxa scored
to produce the total. ASPT values are considered more reliable than total scores in
that they account for the number of taxa constituting a sample, which aids stanFigure 2. Linear regression plots of IBI scores (a – top row) and ASPT values derived using the
numerical biotic index approach (b – bottom row) against the human disturbance variables
(HDS, PO4, NH4). Nutrient concentrations are in the units log(x+1) μg.L-1. Pearson correlation coefficients (r) and statistical significance (p) values are reported.

dardise scores across sites with different habitat diversity (e.g. total SASS scores can
increase with increasing habitat diversity, Dickens and Graham 2002). Results of
ASPT values regressed against human disturbance variables are included in Figure
2b and reveal a better correlation fit than observed for the multimetric IBI approach.
DISCUSSION
Relationships between IBI metrics and human disturbance variables were characteristically ‘one-sided’ in that metrics could only predict wetland condition at one
end of the spectrum. Although the proposed metrics will, used individually, make
certain erroneous scores with regards to human impairment, the supposed strength
of the multimetric index is that even a collection of mediocre metrics, used in com333
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bination, may produce a reliable score. It was hoped that the reasonably weak metrics found in this study could produce meaningful overall IBI scores (i.e. when used
in combination). This was tested through regression of total IBI scores against
human disturbance variables (Fig. 2a) and produced reasonably poor results.
Although r and p values implied significant correlations, emphasis was rather placed
on visual analysis of the plots, which indicate a large amount of scatter and low predictive power. Metrics relationships with human disturbance in this study were not
as clear-cut as those reported by Gernes and Helgen (2002) in their development of
a multimetric index for depressional wetlands in Minnesota. They found metrics
were able to predict wetland conditions at both ends of the spectrum, as opposed to
the ‘one-ended’ results of this study. Another potential weakness of the metrics developed in this study is that 7 out of 9 were based solely on their relationship with the
HDS variable, a proxy for landscape impairment at each wetland. Only 2 of the metrics were related to nutrient levels, suggesting the index would not be particularly
useful for detecting nutrient enrichment in wetlands, which is often a primary concern in terms of wetland conservation and rehabilitation. Although generic and
species level information has been incorporated into invertebrate metrics developed
by agencies within the U.S. EPA, it is not a recommended strategy in South Africa,
where resources (taxonomic expertise and financial) are not comparable to the USA.
The suggested tolerance scoring criteria for wetland macroinvertebrates sampled in
this study (Table 2) covers a fairly narrow range of scores (1-9, with a median score
of 5) compared to the SASS5 index (1-15, with a median score of 8). This is an
unavoidable consequence of the lack of clear-cut responses from macroinvertebrates
in wetlands to disturbances, and thus allocation of a larger range of scores would be
superficial in the author’s opinion. Furthermore, sensitivities for stream macroinvertebrates in South Africa have been thoroughly researched compared to wetlands,
which has allowed refinement of the SASS tolerance scores. The range suggested here
for wetlands is not based on extensive research or ecotoxicology testing results as is
the case for SASS5. Preliminary testing of a numerical biotic index approach using
tolerance scoring suggests three important modifications to the SASS5 index will be
required before it could be considered for application in wetlands: the preliminary
tolerance scoring range needs to be narrower than the 1-15 range for SASS5 until
more research clarifies indicator taxa; abundance data appears to be important in
wetlands rather than just presence-absence data (SASS5 scores taxa based on presence alone), so the suggested approach is to weight the scoring of certain taxa according to a simple log scale abundance count; and lastly a different sampling technique
to SASS5 will be required for wetlands as habitats are significantly different to
streams and are often less distinct within wetlands. Otherwise, the suggested
approach is the same as SASS5 in that a total score is produced per wetland by summing the individual tolerance scores. An ASPT score can then be produced by divid334
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ing the total score by the number of taxa. The use of these total scores and ASPT
scores as a means of inferring wetland condition will be tentative until further
research clarifies indicator taxa. The regressions of wetland ASPT scores (derived
from the numerical biotic index approach) against human disturbance variables (Fig.
2b) produced considerably better patterns than IBI regressions (Fig. 2a). Although
the regressions are partly flawed by a circular approach, they still do allow useful relative comparisons of the effectiveness of the different indices applied to this dataset.
There is still some degree of scatter in the plots of Figure 2b and erroneous conclusions are unavoidable at this early point in the development of a wetland index.
Unlike the broad spatial applicability of SASS5, it is expected that a wetland index
will require modification for different wetland types and different areas of South
Africa and that one wetland index will not simply be applicable throughout the
region. In this regard, the development of indices for the major wetland types in
South Africa will be an evolutionary process and will require refinement at various
steps within the process, as was observed for each of the 5 versions of SASS. Importantly, further research should increase the sensitivity of indices by broadening the
range of tolerance scores beyond 1-9. The prescribed identification of wetland invertebrates at the family level is relatively user-friendly and due to the simplicity of this
index approach, it is suggested that testing is conducted on further wetland types and
areas of South Africa. Although ecotoxicology testing for the various wetland taxa
would be optimal, resources and expertise may limit this approach in South Africa
and hence, it is recommended that similar correlational methods be used to ascertain tolerance scores as conducted in this study. The reader is referred to similar
methods employed by Chessman et al. (1997) for rivers and a derivation of this
approach applied to wetlands (Chessman et al., 2002). According to the latter study,
a numerical biotic index framework should be applicable broadly and over different
wetland types, but will require modification based on the different suites of invertebrate taxa among different areas and wetland types.
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INTEREST OF HISTORICAL DATA FOR CONSERVATION
OF TEMPORARY POOLS
Muller, S.D.(1), Daoud-Bouattour, A.(2,3), Amami, B.(1,4),
Ferchichi-Ben Jamaa, H.(1,2,3), Ferrandini, J.(5), Ferrandini, M.(5),
Ghrabi-Gammar, Z.(3,6), Grillas, P.(7), Pozzo di Borgo, M.-L.(8),
Rhazi, L.(4), Soulié-Märsche, I.(1), Ben Saad-Limam, S.(2,3)
Abstract
Mediterranean temporary pools are threatened habitats that support a number of
rare and endangered species. Because of the lack of knowledge about both long-term
dynamics and longevity of these ecosystems, conservation and restoration are based
only on the modern structure and composition of biological communities and are
limited to the short term. However, palaeoecological studies could bring a historical
perspective, which could serve as baselines for designing wetland management policies. Based on three study cases, the main insights of historical approach into conservation ecology are presented:
1 – Multidisciplinary palaeoecological studies allow us to date and reconstruct
the initiation and past development of particular wetlands; they allow for
evaluating the threats and long-term trends of the concerned biological communities, and provide concrete elements for preserving or restoring them.
2 – Palaeoecological data may also be used in order to reconstruct the history of
populations of particular plant species, and for instance to specify the actual status of dwarf and sporadic species such as Pilularia minuta.
3 – Finally, they can allow for investigation of past influence of human activities
on wetland plant communities, thus resulting in management propositions
for adapting human practices to conservation needs.
KeyWords: palaeoecology, pollen, Mediterranean wetland, endangered plants, plant
community, long-term dynamic
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INTRODUCTION
The interest of the historical perspective for conservation purposes is indirectly
recognised through genetic and biogeographical criteria, such as ‘Evolutionary Significant Units’ (Moritz, 1994) or endemism (Caldecott et al., 1996; Myers et al., 2000).
However, palaeoecological data are virtually never directly used for evaluating the
conservation value of particular species or communities, or for designing conservation or restoration actions. Wetlands are especially relevant by such a historical
approach, not only like all other ecosystems through their biological communities,
but also through their specific ability to record their own development (Barber,
1993). Indeed, palaeoecological data contain rich information, most often unexploited, about the origin and history of rare plants or communities, likely to highlight their modern situation (Muller, 2001; Hughes et al., 2008). The aim of this text
is to highlight the interest of palaeoecological data for conservation purposes, based
on three case studies concerning Mediterranean temporary wetlands.
Mediterranean temporary pools are threatened habitats that support a number
of rare plant and invertebrate species. They are recognized as being major biodiversity reservoirs, and many of the resident species have legal protection (Médail et al.,
1998; Quézel, 1998; Grillas et al., 2004). Their isolation, both in space and in time
(Ebert and Balko 1987), makes them particularly sensitive to human disturbances
(Rhazi et al., 2001, 2006). Despite their conservation importance (Deil, 2005) and
their interest as model systems in conservation biology, ecology and evolutionary
biology (De Meester et al., 2005), temporary pools are still poorly understood, especially their long-term ecological dynamics. Temporal dynamics, including formation, ecological succession and persistence, can be directly evaluated only in the
short-term by annual (diachronic) monitoring of a site. To study longer-term trends,
one can only conduct either (synchronic) comparisons among pools of different ages
(spatial approach), or sediment studies (temporal approach). To the best of our
knowledge, only two palaeoecological studies (Le Dantec et al., 1998; Muller et al.,
2008a) have focused on the past vegetation history of a temporary pool. Long-term
dynamics of these ecosystems, as well as their longevity, are thus virtually unknown.
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INITIATION AND DEVELOPMENT OF TEMPORARY POOLS
The knowledge of past dynamics of temporary habitats is needed for designing longterm conservation management policies. This can be illustrated by a study conducted on one of the last temporary pools of the Rhone delta (Camargue), in southern
France (Muller et al., 2008a). The pool of Cerisières Moyennes (43°29’77”N,
04°40’52”E, 0.5 m a.s.l.) is located within the Natural Reserve of La Tour du Valat.
Situated on calcareous alluvial sediments, it is surrounded by Chenopodiaceae salt
scrublands, helophytic marshes, and scattered shrubby patches of Ulmus minor,
Tamarix gallica, and Phillyrea angustifolia. Plant communities of the temporary pool
itself are Mediterranean annual amphibious grasslands, which harbour several
endangered plant species (Cressa cretica, Damasonium polyspermum, Lythrum
thymifolium, L. tribracteatum, Nitella opaca, Pulicaria sicula) and large Branchiopoda crustaceans (Imnadia yeyetta, Tanymastix stagnalis).
We first addressed the modern relationship between pollen and vegetation by
studying surface samples taken within the diverse plant communities of the vernal
pool. The results (Muller et al., 2008a) revealed high pollen concentrations (100,000
to 400,000 grains.cm-3) and a good pollen representation of local plant communities
(10 taxa representing about 10% of the total pollen sum). Based on this preliminary
work, a multidisciplinary palaeoecological study (sediments, pollen, ostracods,
foraminifers, charophytes, and branchiopods) was performed on a 3 metre-long sediment core. Chronological control was based on measurements of short-term rates
of accretion (Hensel et al., 1998), on geochemical multitracer analyses (Miralles et
al., 2004), and on one AMS radiocarbon date (Muller et al., 2008a). Archaeological
artefacts found a few hundred meters away from the core site (Miralles et al., 2004)
have moreover been used in order to support the local chronology. This combined
evidence leads us to assume an almost constant sediment accumulation rate of 0.450.55 mm.year-1.
The palaeoecological and sedimentological data showed four successive phases
of pool development since ca. 3500 cal. BP (calendar years before present; Figure 1).
The first one (ca. 3500 to 1900-1800 cal. BP) corresponds to channel infilling with a
fluvial freshwater feature. The occurrence of brackish water ostracods and
foraminifers indicates proximity to a seashore or lagoon, and confirms the close coexistence with brackish and fluvial environments.
Phase 2 (1900-1800 and 1500-1400 cal. BP) corresponds to the final period of
channel infilling, and represents a habitat that was probably fed sporadically by a series
of secondary east-west oriented channels. The diminishing number of channel ostracods in the assemblages indicates disconnection from the active channel except during flood episodes. The riparian communities supported populations of Alnus glutinosa and Ulmus minor, which are the only extant species of these genera growing on
the French Mediterranean coastal plain. This implies that the present-day riparian
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Figure 1. Schematic bloc diagrams illustrating four stages of the space-time evolution of the Cerisières
Moyennes palaeoenvironment. 1) Active channel, riparian forest (> ca. 3500 cal. BP). 2) Partially
abandoned channel, marshes and riparian forest (ca. 2700-2600 cal. BP). 3) Abandoned channel,
marshes and sparse trees (1500-1400 cal. BP). 4) Isolated temporary pools within salt scrublands
(present day). The vertical grey bar represents the core (from Muller et al., 2008a).

vegetation of the Rhone delta, restricted to some residual and highly degraded forest
stands, is not representative of the extent of pre-human natural formations.
Phase 3 (1500-1400 to 800-700 cal. BP) corresponds to the initiation of a closed
pool with a temporary hydrological regime. The pollen of Poaceae and the fibres
found in the sediments suggest that the first stage of the temporarily inundated channel was characterized by helophytic marshes of Phragmites australis, a species today
widespread across the whole delta. Heterocypris salina and Pseudocandona cf. albicans ostracods were progressively replaced by Candona neglecta and Ilyocypris
bradyi, indicating the onset of a typical temporary pool environment and decreasing salinity. The appearance of Alisma-type, Centaurium, Cressa cretica, Ranunculus-type, and Callitriche clearly marked the development of typical temporary pool
macrophytic communities. The concentrations of gyrogonites and oospores during
this phase indicate dense carpets of Chara aspera/galioides, which both require inundation periods of 5-7 months and oligohaline conditions.
Phase 4 (800-700 cal. BP to today) is characterized by an increasing presence of
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Tolypella oospores, indicating that submersion periods were rapidly becoming short
and sporadic. Both species identified, Tolypella glomerata and T. hispanica, are typical of temporary pool environment (Grillas, 1990). This is also consistent with an
abundance of resting eggs of the branchiopods Imnadia yeyetta and Tanymastix stagnalis, and with a late colonization by amphibious macrophytes (Alisma-type,
Lythrum, and even Juncaceae) and the ostracod Ilyocypris bradyi. Above 12-13 cm
depth, the local environment appears to have become similar to that of today, with
a terrestrial stage of longer duration than the aquatic one. The decreasing duration
of submersion may have caused the ostracod Leucocythere to disappear and favoured
recent colonization of the pool margins by Limonium narbonense, a species that tolerates moderate salinity and short periods of inundation.
Geomorphological and sedimentological evidences informed us about past
changes in the physical context of the environment. Ostracod, foraminifer, branchiopod, and charophyte assemblages provided information on salt concentration,
water depth, and hydroperiod. And finally, pollen record allowed us to reconstruct
past vegetation dynamics, despite the progressive degradation of fossil assemblages
with depth. Concurrence of results among the different approaches enhanced overall reliability, and allowed us to better understand the long-term developmental history of the temporary pool. However, because our work was limited to a single core,
it only provides a localized perspective of the internal dynamics of the pool. A transect of cores from the margin to the centre of the pool would be necessary to obtain
a complete picture.
The obtained results indicate that the studied pool probably originated ca. 1100
years ago from the infilling of an abandoned palaeochannel and its subsequent fragmentation (Figure 1). This process likely resulted in the formation of strings of pools,
suggesting a past abundance of these ecosystems in fluvial systems with meandering channels. Abandoned channels at diverse stages of evolution probably existed.
The temporary pools of the Natural Reserve of La Tour du Valat then appear as relicts
of habitats that were historically much more abundant, and therefore represent a
valuable and endangered heritage of a past fluvial system. Since the present-day
channels of the Rhone River have been stabilised by their embankment in the late
XIX° century, these habitats will disappear as remnant abandoned channels naturally evolve or are transformed by anthropogenic activity (Tamisier and Grillas,
1994). This study implies that present-day conservation measures might be ineffective without the artificial construction of new pools (Davis et al., 2003; Williams et
al., 2008).
PAST POPULATION DYNAMICS OF ENDANGERED PLANT SPECIES
Palaeoecological studies may also be used in order to investigate the past history of
rare taxa, and to explore the causes of their rarity (Muller, 2001; Hughes et al., 2008).
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This approach is presently conducted on temporary pools of western Mediterranean
for specifying the actual status of the small pillwort (Pilularia minuta), an emblematic dwarf hydrophytic Pteridophyte of these habitats. P. minuta is an endemic of the
Mediterranean, presently known from 16 locations situated in Spain (Andalusia,
Castilla Léon, Minorca), France (Hérault, Corsica), Italy (Sardinia, Sicily), Croatia
(Adriatic Sea), Greece (Aegean Sea), Turkey (Izmir), Cyprus, Tunisia (Mogods),
Algeria (El Kala) and Morocco (Coastal Meseta, Mamora, Gharb). It has been also
observed in the past in five other locations, today disappeared: Maritime-Alps (southeastern France); Lazio (Italy); Kabylies, Alger Region and Oran Region (Algeria).
Some of the presently known populations have been recently discovered: southern Corsica (1962); French Maritime-Alps (1968), Balearics (1986), central Spain
(1992), western Turkey (2000), southern Portugal (2003, 2006), northern Tunisia
(2006), northern Sardinia (2007), northeastern Algeria (2008) and north-western
Morocco (2008, 2009) (Daoud-Bouattour et al. submitted). These late discoveries
are surprising if one compare to the early dates of discovery in close regions: southern Sardinia (1835), northern Algeria (1852), Hérault in southern France (1869),
Lazio in western Italia (1903) and Moroccan western Meseta (1927). These differences could be explained by two concurrent hypotheses, involving either biological
traits (dwarfism and sporadic development) of Pilularia minuta that make difficult
its observation or transport by migratory birds that could result in a recent geographical expansion. In the first case, the late discoveries of new populations would
correspond to lucky investigations, based on the conjunction between botanists
knowing the plant and climatic conditions allowing its development. In the second
case, these discoveries would result from recent colonisation of the site and thus
translate an unknown capacity of P. minuta for long-distance propagation and
colonisation of new habitats. This would imply to consider metapopulation dynamics at the Mediterranean scale. Some preliminary response elements are provided by
the conditions of our recent discoveries within three different geographical zones:
Pilularia minuta has never been observed as living plants in the Agriate region
(northern Corsica), despite investigations realised since 1997 by several botanists,
among which the specialists of Corsican flora J. Gamisans and G. Paradis. However,
its presence in the temporary pool of Chiuvina (42°42’02”N; 09°12’24”E; 150 m a.s.l.)
was revealed by the occurrence of microspores in the sediment (S.D. Muller, unpublished data). The fact that the small pillwort was not observed at this site may be
explained by its sporadic development, probably associated to unfavourable climatic conditions.
P. minuta was unknown in Tunisia until our recent discovery of large populations
within the plain of Garâa Sejenane in Mogods region (Muller et al., 2008b), which
was not investigated for 50 years (Pottier-Alapetite, 1958). This newly discovered
population constitutes an extension eastward of its North African distribution area
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(Daoud-Bouattour et al., submitted). Despite a recent colonisation of the zone cannot be excluded, this discovery reveals the lack of botanical investigations.
Finally, it was discovered in northeastern Algeria, within pools monitored for several years by Zouaïdia (2003) and De Bélair (2005), who probably did not detect it
(G. De Bélair, pers. comm.). In regard with the high quality of the work realised by
these authors, this last case evidences the difficulty of the observation of the plant in
the field.
These three different situations would support the first hypothesis, and suggest
that the recent discoveries could be attributed to the probably weak previous detection of Pilularia minuta (due to its sporadic development and dwarfism, to
Figure 2. Percentage pollen diagram of Padule Maggiore, Tre Padule de Suartone, southern Corsica. Analysis: S.D. Muller, 2008. Dots represent percentages less than 1%. Crosses represent
occurrences in samples too poor to allow calculation of percentages (1 cross: 1-2 grains; 2 crosses: > 2 grains).

unfavourable climatic conditions and to lack of investigations) rather than to recent
colonisations.
Another way for evaluating both hypotheses consists of comparing the actual age
of each population with the date of its discovery. A study is performed in the reserve
of Tre Padule de Suartone (42°27’53”N; 09°13’57”E; 102 m a.s.l.), in southern Corsica, in order to reconstruct the past local dynamics of Pilularia minuta. The reserve
comprises 4 temporary pools characterised by an exceptional floristic assemblage,
composed of numerous endangered species, such as Exaculum pusillum, Heloscia345
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dium crassipes, Illecebrum verticillatum, Isoetes velata, I. histrix, Littorella uniflora,
Pilularia minuta, Ranunculus ophioglossifolius and others (Paradis and Pozzo di
Borgo, 2005). Pilularia minuta was discovered in Corsica at this site in 1962 (Quézel
and Zevaco, 1964).
The palynological study of a sedimentary core, taken within the main pool (Padule maggiore) of the Tre Padule de Suartone Reserve, revealed occurrence of Pilularia microspores until 24 cm depth (Figure 2). While we have not yet radiocarbondated this sequence, we may however consider that the sedimentation rate is very
low in this kind of habitat, and use, as a first approximation, the range of rates
obtained in other Mediterranean temporary pools: 0.25-0.55 mm.year-1 (Muller et
al. 2008a; Muller, unpublished data). On this basis, the depth of 24 cm, which corresponds to a decrease in sediment granulometry resulting from a past hydrological
change, would be dated about 500-1000 years. This age, to be confirmed, would also
support the first hypothesis, and would imply, as surprising as it could appear, that
the small pillwort was found in Corsica more than a century after its discovery in
Sardinia by G. de Notaris in 1835.
Figure 3. Lake of Majen Chitane, northern Tunisia (S.D. Muller, 6 May 2007).

Similar studies are conducted in other zones where Pilularia minuta was recently
discovered, such as northern Tunisia and northeastern Algeria. This should allow a
better understanding of the apparent rarity of such dwarf, annual species, and
notably assessing the influence of conditions of observation on our perception of
their status and distribution.
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IMPACT OF HUMAN ACTIVITIES ON TEMPORARY WETLAND COMMUNITIES
Temporary pools are recognised to be highly sensitive to human-induced environmental changes (Rhazi et al., 2001, 2006; Deil, 2005). Palaeoecological studies may
provide valuable information for evaluating past influences of human activities on
seasonal wetland vegetation. This has been long used in other contexts, for instance
by comparing the structure and composition of ecological systems before and after
extensive human impact (Foster et al., 1990; Muller et al., submitted). An example
of this topic is provided by the on-going study of a northern Tunisian freshwater
coastal lake, the so-called Majen Chitane (Figure 3; Daoud-Bouattour et al., this volume). This exceptional semi-temporary lake, installed within a depression on the
north aspect of the Jbel Chitane, harbours the last Tunisian population of white water
lily (Nymphaea alba). Despite its protection as a nature reserve since 1993 and as a
Ramsar site since 2007, the site is strongly damaged (Kraïem and Ben Hamza, 2000;
Ramdani et al., 2001). In particular, the 2 to 8 m-width peripheral belt of Isoetes velata
that developed on the southern and northern rives of the lake (Pottier-Alapetite and
Labbe, 1951; Ramdani et al., 2001) seems to have completely disappeared. We suspect
this major vegetation change to result from a rapid eutrophication of the site, induced
by the cultivation of a Pteridium peatland, at close vicinity in the catchment area above
the lake and constituting the main source of its water supply. The most obvious evidences for that phenomenon are the dark and turbid waters of the lake, and the development of large carpets of Cotula coronopifolia in shallow marginal zones.
Although two palynological studies have already been carried at Majen Chitane
Lake, their results unfortunately does not inform about the collapse of the Isoetes
velata community. The pollen diagram by S. Stambouli (Stambouli-Essassi, 2002;
Stambouli-Essassi and Roche, 2002) surprisingly contains no record of Isoetes and
Nymphaea, and is thus not usable for reconstructing local plant dynamics, and the
data of the Cassarina project (Birks and Birks, 2001; Birks et al., 2001; Peglar et al.,
2001) encompass only the last century. Two new cores have been taken in July 2008
on the north rive of the lake, where was located the Isoetes belt (Pottier-Alapetite and
Labbe, 1951). Their analysis should allow specifying the amphibious-vegetation
changes, and better understanding the influence of past human activities. These data
should help to manage adequately the remnant biodiversity of the lake, which probably will imply to rapidly stop the cultivation of the peatland and to restore it.
A similar study has been realised ten years ago by Le Dantec et al. (1998) with the
aim of determining the conditions of the disappearance of Isoetes setacea from the
temporary pool of Grammont near Montpellier, in southern France (Harant et al.,
1950). The authors confirmed that human activities were responsible of the observed
vegetation changes (replacement of Isoetes setacea by Typha angustifolia) within the
last fifty years, induced by water eutrophication and replacement of the seasonal
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hydrological regime by permanent flooding. In that case, a project of restoration was
proposed, but abandoned because of the changes (modification of the catchment
topography, destruction of surrounding trees, introduction of plants from distant
localities…) and the pedagogical interest of the present-day pool.
CONCLUSIONS
The few examples detailed above highlight the still unexploited potential of palaeoecological studies for conservation of wetlands in general and of temporary habitats
in particular. They show that such studies can bring valuable insights into past vegetation dynamics usable for conservation and restoration purposes, from long-term
(millennia) to short-term (decades) time scales, and at different organisation levels,
from ecosystem and community to individual. Such historical approaches are nevertheless limited to wetlands presenting a sediment accumulation and to taxa recognisable by their fossil remains. For instance, some families such as Cyperaceae and
Poaceae have indistinguishable pollen grains, which prevent to recognise genus or
species within fossil records. Further studies are necessary for establishing potential
and limits of palaeoecological methods applied to conservation ecology, and notably
for specifying the relationships between pollen and vegetation at different spatial
scales and organisation levels.
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MANAGEMENT PLAN DEVELOPING TOWARD WATER QUALITY
PROTECTION AND EU WATER FRAME APPROACH ON SHKODRA LAKE
WATERSHED
Bejko, D.(1) and Ziu, T.(2)
Abstract
Freshwater is considered an important resource for the human and aquatic life.
Based on the Ramsar Convention principals healthy wetlands mean healthy people. Taking measures toward clean and pure water is precious for the communities living around the watershed.
In this regard Albania is going to follow the principals of the international conventions already ratified as well as taking steps toward Water Frame Directive implementation in Albania in order to protect water resources as well as increase
people`s access to clean and sufficient water.
The population of people living around Shkodra lake watershed in has risen
tremendously in the last fifteen years with its corresponding increase in demand
for fish food. Thus, there is the need for a suitable management system to meet this
increasing demand and also maximize the utilization of the available water resources of Lake Shkodra. Biodiversity conservation and water quality protection
are the priorities for Lake Shkodra watershed. In order to meet the watershed and
community needs the chemical analyses, nutrients, heavy metals, pollution resources, critical areas and hot spots are critically analyzed. The analyze of the biotic factors and designated water uses are defined in respect of Watershed
Management Planning provided for Shkodra lake. The priorities of the water uses
of Shkodra Lake were defined based on the Albanian legislation, international
conventions ratified as well as current activities developed around watershed. The
primary criterion for water quality of Shkodra Lake watershed was whether the
watershed meets the designated uses. The designated uses were recognized as uses
of water established by legislation and current status protection of the basin. All
surface of Shkodra Lake Watershed was designated for and shall be protected for
all of the following uses:

(1)

University “Luigj Gurakuqi” Shkoder – Albania as well as Regional Environmental Center, Country Albania, Biodi-

versity Program Manager. recshkodra@albania.rec.org
(2)

Philological University of Tirana, Tirana – Albania
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1.Aquatic life of fauna and flora
2.Freshwater fishery
3.Recreation & Swimming
4.Washing and home use
5.Agriculture
6.Navigation
In this context the Management Plan toward Water Quality Protection provide
steps, measures, recommendations, estimated costs and the best management
practices as proper models to be replicated for integrated management of Shkodra
Lake Watershed.
Keywords: Shkodra lake, plan management, water quality, best management practices,
watershed, standards
INTRODUCTION
Developing a Management Plan for Shkodra Lake watershed with respect to water
quality protection and improvement was based on the best practices and guidelines
of developing countries due to the needs for setting appropriate tools and mechanisms toward water quality protection of Shkodra lake watershed. Developing a
Watershed Management Plan is a useful and necessary process to select and guide
the implementation of complex management techniques toward water quality protection in a watershed. The development of a Management Plan is absolutely necessary for Shkodra Lake watershed as it is the biggest ecosystem in Balkan. The management plan is always appropriate for setting overall management goals and laying
out the techniques and tools for the wise use of the water resources, preventing pollution, as well as for approaching water standards on the frame of the EU Water
Directive.
The Management Plan with regards to water quality protection promotes the
coordinated development and management of Shkodra Lake watershed, land and
related resources, in order to maximize the resulting economic and social welfare in
an equitable manner without compromising the sustainability of Shkodra Lake’s vital
eco-system.
While the overall amount of fresh water in the world is, for all intents and purposes,
fixed, it is infinitely and naturally renewable, although its availability in space and
time is highly variable. Nevertheless, within a single hydrographical unit (as Lake
Shkodra basin is) the water is finite, and one person’s consumption or pollution
impacts another person’s use. Because water sustains life, planned management of
water resources demands a holistic approach, linking social and economic development with protection of water quality as natural ecosystems.
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SITE DESCRIPTION
2
The cross-border Shkodra Lake watershed covers 5,500 km and is shared between
Albania and Montenegro. The area targeted is the home of about 600,000 people living in the watershed; Most of the population (about 60 percent) live in just a few cities
- Shkodra and Koplik in Albania and Podgorica, Niksic, Danilovgrad, and Cetijne
in Montenegro. The rural population is spread out around the lake in a number of
small villages, mostly on the northern side of the lake. Moraça River in Montenegro
is the largest tributary to the lake watershed while the Buna River is the only emissary. Its average discharge is about 200 m3/s. Significantly additional flows come from groundwater and springs that discharge into the
northern part of the lake. Lake Shkodra drains
into the Adriatic Sea through the Buna River. The
estimated outflow is about 330 m3/s. In an 1846
storm, the River Drin diverted its primary channel into the Buna River a few kilometres below its
origin in Shkoder Lake. The Shkoder Lake watershed has a largely subtropical Mediterranean climate. Winters are mild and rainy (the lowest
average monthly temperature of water in January
is about 7°C); summers are dry and hot with
maximum air temperature over 40° C and water
temperatures over 27° C. Currently water residence lasts about 120 days.
Lake Shkodra is a wetland site of international importance. It has a unique and rich flora and
diverse fauna that includes numerous endemic species. It is one of the most significant wintering sites for marine birds in Europe, including many species that are globally threatened. Ninety percent of the bird species are migratory. The lake has a
diverse fish community with high productivity. As a natural lake, with mostly unregulated water levels and natural shores, Shkodra Lake watershed hosts a very diverse
set of different habitats with unique biodiversity, which is recognized at both national and international levels.
Due to the current situation regarding pollution, the developing of a management
plan is considered a high priority for Shkodra Lake watershed.
The main goal for developing the management plan toward the water quality
protection of Lake Shkodra watershed is to set priorities and objectives for sustainable use of natural resources, biological diversity conservation and water use priorities. On the other hand this management plan aims to define tools and mechanisms
to approach the water frame directives and EU standards.
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The main target groups interested in developing a Management Plan on national and local levels are the followings: Ministry of Environment, Forestry and Water
Administration, Municipality of Shkodra, Council of Shkodra District, Communes
living around the watershed, directorates on the Regional level such as: Directorate
of Forestry, Water Basin Council on national and regional levels, Directorate of Food
and Agriculture, Regional Environmental Agency, Development Agencies, Academic Institutions (University of Shkodra) Regional Directorate of Education, Directorate of Hygiene, Primary Heath Service, Fishing Inspectorates etc.
METHODOLOGY
The methods used for developing the management plan toward water quality protection are based on the followings:
Data base collection and elaboration; table and graph designing; situational analysis; consultations with key authorities and stakeholders on national and local level
hold; interview conducting and data elaborating, financial analysis and prevision
funds fixed; results and conclusions of the study performed.
RESULTS & CONCLUSIONS:
As a result of the high rate of replenishment the lake water, about twice per year, the
quality of water remains within acceptable limits despite uncontrolled development
around the watershed of Shkodra Lake.
The following conclusions were defined:
UNSUSTAINABLE USE OF THE LAKE’S BIODIVERSITY:
Uncontrolled fishing, over-fishing, the use of illegal fishing methods (explosives,
electricity, etc.) and fishing during spawning season, which endanger the viability of
commercial fishing
The disturbance of migratory routes of species – sturgeon, sea perch, whitefish
and eel
Deliberate or accidental introduction of alien species (gold fish, perch) that
severely alter the composition and dynamic of fish communities
Disturbance to nesting grounds and bird colonies by fishermen, tourists, local
harvesters of willow and laurel trees, reed, and others, which have resulted in the disappearance of species like herons (Ardea cinerea, Ardeola ralloides), egrets (Egretta
garzetta) and cormorants (Phalacrocorax pygmeus, P. carbo) from many of their traditional nesting places.
Gathering certain amphibian and reptile species – e.g. frogs, Greek turtles (Testudo hermanii) – for human consumption, or for selling to collectors of exotic
species.
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DESTRUCTION OF HABITATS AND DISTURBANCE TO NATURAL SITES:
Conversion of natural biotopes into agricultural land
Increased load of agrichemicals reaching the lake
Deforestation of extended parts of the lake’s drainage basin (e.g. in the Upper
Shkodra Valley) during recent decades, causing the increased inflow of silt and
organic matter, which speeds up natural succession processes
Transport on road and railways along some sections of the lakeshore and shipping on the lake
Construction and the expansion of settlements (e.g. the city of Shkodra)
Sand and gravel excavation from the Morača and Drini rivers, peat exploitation
– still quite limited or simply planned, however if done on a larger scale could seriously damage the entire ecosystem.
RISKS OF WATER POLLUTION FROM INDUSTRIAL SOURCES AND
HOUSEHOLDS AROUND THE LAKE AND AGRICULTURAL AREAS:
Lack of pollution prevention measures (water treatment facilities, dumpsites) accompanying urban and industrial growth over the last five decades,
Increased load of nutrients (phosphorus and nitrogen) from untreated wastewater and agricultural fertilizers
Lack of research and sound data – especially concerning trends in water quality,
abundance of species and degradation of habitats – that hinders the design of appropriate and efficient management and protection measures.
WATER QUALITY IS INDICATED BY THE FOLLOWING FACTORS:
The demographic movement after the 1990´s increased the human pressure on water
resource use (watershed of Shkodra Lake) due to the extension activity around the
watershed as the population density is extremely high especially in the cities of Shkodra and Kopliku.
The Drin River water flows into the lake in some winter periods and is a source
of pollutants. The river water carries waste products from the mines located at various sites upstream in its watershed and municipal wastewater of Shkodra city.
Moraça River, as the largest tributary of the watershed, brings sediment and waste
which impact the water quality
Lake Shkodra and its watershed receive untreated communal wastewater from
most of its residents causing a negative impact with respect to an increasing quantity of nutrients.
In 2004 (Hydro Meteorological Institute of MNE) a total of about 18.5 million m3
of communal and industrial sewage waters were discharged from the Podgorica
Waste Water, effecting water quality of the Shkodra lake watershed.
In Shkodra city, wastewater is discharged in the Buna River just below its origin
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when the system’s pumps are operating. When the city’s pumps are not operating,
the wastewater goes directly into the lake. The total annual amount of wastewater
from Shkodra city is estimated at about 9 million m3 per year.
Generally, the concentration of the nutrients is higher in northern parts of the
lake because of the inflow of the Maraca River and the agricultural lands located
there more than in the southern part of the lake. However, water quality monitoring
conducted by several parties clearly shows that phosphorus concentrations are in the
eutrophic range. (TDA 2007)
The Aluminium factory in Podgorica is also a potentially large contributor to the
pollution in Shkoder Lake. This factory houses several components, including an
alumina processing unit (bauxite in NaOH), an anode factory, an electrolysis unit, a
refining furnace, a cold rolling mill, and various final processing and production
lines. The plant discharges about 39.8 million m3 of wastewater per year into the
Moraca River which directly affect a variety of trace chemical elements in the
groundwater, fish caught from Shkoder Lake, and food produced in the region,
including cow’s milk and meat, cabbage, and eggs. (Centre for Ecotoxicological
Research in Podgorica 2006)
Solid waste is often illegally dumped along the lakeshore, into canals and on the
riverbanks. During the rainy season, this waste is washed into the watershed.
Groundwater contamination may also be occurring from many unauthorized waste
disposal sites. The general direction of ground water flow in the watershed is from
north-west to south-east.
Agricultural activities around the watershed affect the water quality due to the
pesticides and fertilizers being used.
Deforestation is another challenge influencing water quality, erosion, soil irrigation and sediments increasing in the watershed.
Human activity intensified significantly along the Lake shores, Buna River and
Drini River.
There is at present an important window of opportunity to put a strategic, coordinated plan for the Lake Shkodra watershed in place. Both governments, Albania
and Montenegro, are striving to harmonize their policies, legislation and practices
with European Union instruments, such as the Water Framework Directive which
sets standards for water quality and calls for integrated watershed management and
Transboundary cooperation.
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SOCIAL AWARENESS OF TEMPORARY WETLANDS: A SOUTHERN
HEMISPHERE PERSPECTIVE ON THE PAST, PRESENT AND FUTURE
Brock, M.A.(1)
Abstract
Social awareness of temporary wetlands continues to change as human needs for
wetland resources change. Attitudes to temporary wetlands differ between continents and nations and within societies and are driven by the universally valuable
commodity, water. Although international agreements (e.g. Ramsar Convention,
2005) encourage awareness, conservation and management of all types of wetlands
to maintain their values in conjunction with human use, many temporary wetlands
have been neglected, altered or lost before their values could be recognized and protected. Temporary wetlands have been modified as human society’s activities have
changed over thousands of years from fishing-hunting-gathering, to agricultural
cropping and livestock management, to irrigated agriculture driven by food provision for urban communities.
This paper sets the context for discussions on social awareness of Mediterranean
Temporary Wetlands by giving a southern-hemisphere perspective on changes over
time in social awareness of a range of temporary wetlands in landscapes and climates
where rainfall is often unpredictable and the timing, duration, frequency and extent
of flooding of temporary wetlands are highly variable. What humans have done to
alter and to conserve temporary wetlands is discussed, before consideration of future
changes that temporary wetlands must face and how social awareness can be harnessed to meet that challenge. Education of people of all ages in schools, in the workplace, in recreation, and through arts and the media is suggested as the primary way
to enhance awareness of our scientific understanding of what wetlands require in
order to provide what humans want.
Keywords: human awareness, human attitudes, water regime alteration, Australian
temporary wetlands, wetland loss, wetland resources

(1)

University of Tasmania, Hobart, Tasmania, Australia. brock.margaret@gmail.com.au

Postal address: 47 Brightwater Rd, Blackmans Bay, Tasmania, Australia 7052

363

Social awareness

DOES SOCIAL AWARENESS DRIVE WETLAND MANAGEMENT?
International agreements such as the Ramsar Convention encourage awareness, conservation and management of all types of wetlands to maintain their values in conjunction with human use. Despite this, many temporary wetlands have been neglected, altered or lost before their values have been recognized and protected, i.e.
before social awareness of their values had fully developed. Humans manage wetlands by taking or preventing actions to alter them. They take those actions to satisfy a human wish or need, expressed as an attitude. But humans can only have attitudes about things that they are aware of. This paper tries to relate actions to
attitudes, and attitudes to awareness, eventually looking to the future and the role
that social awareness can play in the management of temporary wetlands.
The temporary pools of the Mediterranean, the subject of this and previous LIFE
Basses Projects (Grillas et al., 2004), have been used by humans for thousands of
years. One of the aims of this project is to increase social awareness of these small,
shallow, scarce temporary wetlands characterized by seasonal filling and drying, as
past, present and continuing human demands have made them increasingly vulnerable to irreversible change. Insufficient awareness of the consequences of humaninduced change to temporary wetlands has endangered this type of ecosystem
throughout the world.
Many thousands of years ago, temporary wetlands were valued as a water
resource, for fisher-hunter-gatherer and proto-agricultural communities. In Minorca, and elsewhere in Europe, archaeological evidence shows that megalithic cultures
occurred near these ecosystems because of the availability of drinking water. Water
was collected in rainy seasons and kept fresh and ready to drink throughout the
winter for both humans and cattle (LIFE Basses www.cime.es/lifebasses, 2009). At
similar times in the southern hemisphere, Australian Aboriginal communities used
temporary wetlands as a seasonal source of food and water. In such societies all
members would have known about the resources offered by the wetlands and valued them similarly, so awareness of and attitudes towards the wetlands would have
been homogenous.
As agriculture developed, temporary wetlands were valued as a water supply
for domestic stock and humans when flooded and when dry as green pasture for
grazing within a drier landscape. Over time, new farming techniques demanded
more permanent water supplies and farming land, and many of these wetlands
were drained for cropping land or made deeper and more permanent for water
storage for human populations and irrigation. Private, rather than communal,
ownership of wetlands facilitated their modification. Urbanization, with its locally increased demand for agricultural products, has exacerbated this destruction.
Moreover, the majority of people in urbanized societies may be unaware of their
reliance upon those wetlands, or may appreciate only some aspects of them. And
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even people who are similarly aware of a wetland may wish to do different things
with it or its water; so their attitudes will differ. Thus attitudes towards wetlands
in complex urban/industrial/agricultural societies may be heterogeneous. Where
attitudes are different enough, and when people want to do different things with
the same water or wetland, most societies have resorted to legal systems to resolve
resource-use conflict.
Social awareness of natural ecosystems depends on local cultural values, the need
for resources from nature for survival, and sharing of knowledge about those ecosystems and resources. As human needs for natural resources change, social attitudes
and awareness should also change. However, when sectors of a society are not in
direct contact with natural resources, they may not be aware of the state of those
resources or how they are being used. In those cases, change in social awareness may
lag behind modification of the resource through human use; and that lag may allow
irreversible alteration to the ecosystem to occur. Similarly, improvements to laws or
their use to control resource-use often follow only after resources have been damaged by inappropriate actions. Use and alteration of temporary wetlands over time
illustrate such changes. Increasing populations and their increasing needs for land
and water, and human-induced climatic change, will be the future challenges for both
local and global management of temporary wetlands (Nielsen and Brock, 2009).
To set the context for discussions on social awareness of Mediterranean Temporary Wetlands, I give a southern-hemisphere perspective on changes over time in
social attitudes to a range of temporary wetlands in landscapes and climates where
rainfall is often unpredictable and the timing, duration, frequency and extent of
flooding of temporary wetlands are highly variable. I then discuss in general terms
what humans have done to alter and to conserve temporary wetlands. Finally, I discuss the future changes that temporary wetlands must face, and how social awareness can be harnessed to meet that challenge.
WHAT ARE TEMPORARY WETLANDS? WHEN, WHERE AND TO WHAT
EXTENT IS WATER PRESENT?
Temporary wetlands have a water regime in which surface water is absent for a period of time. The Mediterranean temporary wetlands in Minorca are generally small
and shallow, with flooding in winter and spring and drying in summer. In southern
coastal Australia, similar seasonally filled wetland pools occur in the ‘Mediterranean’
climatic conditions with hot, dry summers and cooler, wet winters; they are a subset
of all temporary wetlands.
In the southern hemisphere, in particular Australia, variations in latitude, topography and spatial scale provide hydrological conditions for a rich variety of temporary wetlands. When, where and to what extent water is present in a wetland (the
water regime) describe the pattern of flooding and drying. The range of temporary
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wetlands include: ‘seasonal’ wetlands (winter-filling wetlands in the south, summerfilling monsoonal wetlands in the north); small ‘ephemeral’ pools that hold water for
a few hours after unpredictable rainfall; ‘intermittent’ wetlands, which flood once in
2-5 years for a few months to years, that occur in shallow, floodplain depressions
along semi-arid inland rivers; and ‘episodic’ wetlands that are generally dry but flood
once in a decade or two and may remain flooded for several years, some forming
huge lakes in the arid centre of Australia. Any of these temporary wetlands can be
fresh or saline, and may change from fresh to saline during their drying cycle (Boulton and Brock, 1999).
The challenges for organisms (including humans) are the extremes created by the
cycles of wetting and drying in temporary wetlands. The timing, frequency, duration, extent, depth and variability of water presence determine the aquatic organisms
that occur naturally in wetlands. It is this variability and unpredictability that influence human perceptions, social attitudes and therefore wetland management.
SOCIAL AWARENESS OF TEMPORARY WETLANDS: WHAT HUMANS
WANT AND WHAT WETLANDS NEED.
Human perceptions of natural systems are influenced by ‘what humans want’, i.e. the
ecosystem services that the wetland provides that contribute to human wellbeing
(Millennium Wetland Assessment, 2005; Ramsar Convention, 2005). For ongoing
human wellbeing the long-term sustainability of the wetland is paramount and hence
the needs of the wetland as well as the needs of humans should be part of social
awareness. Current human needs (usually for only one or a few of the services the
wetland can provide) usually influence awareness more than do the long-term needs
of the wetland. Social awareness should also include how to detect when change is
unacceptable. Unacceptable ecological changes are those that result in loss of the particular character of a wetland and disruption of critical processes, which in turn
reduce the services or benefits provided by the wetland (Davis and Brock, 2008).
Humans comprehend with difficulty the scales of time and space at which ecological processes act. The rapid and unpredictable changes induced by anthropogenic
climatic changes are even harder to predict and assess (Bridgewater, 2008).
What humans want from temporary wetlands usually relates to the water
resource, and those needs change with time. Temporary wetlands are characterized
by alternate (and often variable and unpredictable) flooding and drying phases.
Humans have commonly modified temporary wetlands to make one phase more
predictable to satisfy human needs, ignoring the need for an alternating flooding and
drying pattern to maintain the ecological function of the wetland and hence the
range of services it can provide.
Social, ecological, and economic awareness all contribute to determining wetland
values. Positive aesthetic and cultural values are often based upon iconic or charis366
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matic organisms and visually pleasing aspects, usually present when wetlands are
flooded rather than dry. Hence a temporarily dry wetland may be undervalued (or
negatively valued), even though that dry phase may be essential for the ecological
functioning of that ecosystem. Positive economic values are often based on predictable presence of resources such as water for humans or agriculture, or of organisms for commercial or recreational hunting or gathering. It is hard to achieve broad
appreciation of the intrinsic ecological values of temporary wetlands without agreement about what humans see as positive, and without awareness of the natural variability of temporary wetlands.
Some contrasting attitudes towards temporary wetlands may cause conflict. Conflicts arise between some human needs and maintenance of ecological function. For
example, individual temporary wetlands may be drained or impounded without consideration of the impact upon the landscape-level system of temporary wetlands.
Land-uses in catchments (e.g. clearing of vegetation) alter runoff to wetlands without consideration of the consequent ecological effects. Health issues (e.g. mosquitoborne disease in many parts of the world) in urban developments near wetlands may
lead to the destruction of the wetland as a health hazard. Until there is full social
awareness of what is needed for wetland systems to function sustainably, the appeal
of such single-purpose actions will continue to erode wetland ecosystems.
HISTORY OF HUMAN AWARENESS AND TEMPORARY WETLAND
CHANGE IN AUSTRALIA
From 40,000 years of indigenous Aboriginal use to modern day modification.
Temporary wetlands have been modified as human society’s activities in the landscape have changed over thousands of years from fishing-hunting-gathering, to
agricultural cropping and livestock management, to irrigated agriculture driven by
food provision for urban communities. The worldwide trend has been to make
water availability more predictable through direct or indirect human intervention
in the catchments. Temporary wetlands have been lost by draining or conversion
to permanent water storages; their biological communities have changed as habitats have been altered and new species introduced (Brock et al., 1999; Grillas et al.,
2004; Diel, 2005). The sequence of change can be seen over a short time-span in
Australia.
Europeans started to settle Australia less than 250 years ago (1788-1830); so in
Australia modern society’s uses of temporary wetlands are recent compared with
indigenous use which began at least 40,000 years ago. Australian Aborigines survived
and supported a rich ceremonial and cultural life in many parts of arid Australia by
careful and sustainable use of water in our many temporary wetland systems
(McComb and Lake, 1990). Many groups of Australian Aborigines were nomadic,
hunting, fishing and gathering waterbirds, mammals, tortoises, eggs and plants in
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and around wetlands as their availability varied with season and place (Boulton and
Brock, 1999). Their nomadic lifestyle and knowledge of the locations of water, edible and medicinal resources enabled these groups to persist in semi-arid and arid
areas. Recognition of the variable occurrence of water and its values were part of traditional ecological knowledge and spiritual and cultural connections to the landscape. In only a few places, such as in the northern, summer-wet monsoonal wetlands (e.g. Kakadu), current wetland management philosophies combine indigenous
needs and spiritual and cultural values together with modern science and societal
needs (Finlayson et al., 1999).
Unfortunately, general social awareness of temporary wetlands has not been part
of the development of modern agricultural and urbanized Australian society. The
expansion of settlement into inland Australia (approximately 1830-1960) was driven by the need for good agricultural land for cropping and grazing; and growth of
cities increased the need for high-quality water for domestic and industrial uses.
Social awareness did not extend beyond the need to obtain water and productive
land in this often dry country; awareness of the importance of maintaining natural
ecosystems was minimal until recently. Management of limited and unpredictable
water by draining and impounding wetlands, rivers and catchments aimed to provide reliable water for grazing and cropping, irrigation and urban communities
(McComb and Lake, 1990; Boulton and Brock, 1999). In recent decades it has
become obvious that the available water resources from rivers and wetlands cannot
provide limitlessly for ‘what humans want‘, and the degraded state of the rivers and
wetlands highlights that they are not getting ’what wetlands need‘ to be ecologically
sustainable systems. The water needs of rivers and wetlands are now recognized by
our human communities and this social awareness has placed sharing of water
between environmental and other needs on the management agenda (Boulton and
Brock, 1999).
To demonstrate some of these changes in human attitudes and awareness over
time I will describe Australian case studies of two types of temporary wetlands that
are highly threatened through water regime modification even though examples
of each are listed as wetlands of international importance under the Ramsar Convention.
Upland temporary wetlands of New South Wales
The upland temporary wetlands of New South Wales (NSW) are shallow and naturally restricted to altitudes above 900m above sea level on the drainage divide
between coastal and inland northern NSW. These wetlands have small local catchments and are not connected to rivers by floodplains. Most are naturally temporary.
Some are near-permanent and dry only once in 20 years; others are seasonal and dry
and re-wet annually; while others are intermittent and wet and dry in unpredictable,
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aseasonal patterns (Boulton and Brock, 1999). The nature and timing of wetting and
drying cause variable and dynamic combinations of vegetation communities, open
water and dry wetland bed, providing a mosaic of habitats in space and time across
the landscape (Brock and Jarman, 2000). Waterbirds, frogs, turtles and eels are common inhabitants of the wetlands in their flooded phase.
Humans have valued these wetlands since Aboriginal inhabitants, tens of thousands of years ago, began camping on their banks and using the wetlands as summer
sources of food and water. Since the introduction of agriculture in the 1830s the wetlands have changed in their types, abundance and diversity of water regimes (Brock
et al., 1999). Some changes to the wetlands were natural, and others intentional or
unintentional consequences of management actions. Trampling by cattle and sheep,
tree clearing and tillage broke up the natural soil crusts, leading to erosion and sedimentation, changing the wetlands to shallower, more temporary swamps. Farmers
then intentionally drained them, as swamps were seen as hazards and draining provided good grazing and cropping land. Yet farmers dammed some wetlands to supply drinking water for themselves and their stock. By the mid-20th century over 80%
of the natural wetlands on private land were drained or dammed (impounded)
(Brock et al., 1999).
By 1900 and into the 20th century some large wetlands were dammed to provide
predictable water for local communal (rather than private) needs: e.g. for stock water
on droving routes, to power a flour mill, to service a gold mine, and for town drinking water. A few of the largest wetlands were used, when wet, for communal recreation (boating, and hunting of waterfowl). The growing need for water in the 20th
century meant that most surviving wetlands had been replaced as domestic water
sources by artificial storages or on-farm storage dams.
Now, all the small and many larger wetlands are on private land; their management remains largely in the hands of farmers. Some of the largest are still managed
by local or state government for declared local communal purposes. The largest of
the surviving wetlands, bordered by both private and government land, was physically sub-divided (by embankments and pumped drains) in the late 20th century to
try to satisfy the contrasting wishes of each land-owner for specific and different
water regimes (some wanted it flooded; others, dry) (Brock et al., 1999).
Social awareness of the national ecological and conservation value of these temporary wetlands came late, leading to conservation actions only within the last 20
years. Some of these wetlands are sites of significance for the migratory Latham’s
Snipe (Gallinago hardwickii), which is listed under international agreements, the
Japan- Australia Migratory Bird Agreement and the China-Australia Migratory Bird
Agreement. One upland temporary wetland is listed as a Ramsar wetland of international importance. However, declaration as a conservation reserve could generally be applied only to publicly owned wetlands. Protection by conservation declara369
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tion cannot change some prior degradation, as water-regime changes and sedimentation from catchment erosion are not simply reversible. Nevertheless, these temporary wetlands were listed under legislation as ‘Endangered Ecological Communities’
in 2004, giving state and federal governments an influence (albeit limited) in their
future management. The major on-going threats are alteration of water regimes,
trampling and grazing by stock, and introduced plants and animals. Climate change
also needs to be considered in future management of these upland wetlands as floods
and droughts are predicted to become more extreme.
Floodplain temporary wetlands of the Gwydir River in the Murray-Darling Basin
The inland-flowing rivers in semi-arid regions of NSW have extensive floodplains
with temporary wetlands that naturally flood by summer over-bank flows when their
catchments receive rainfall. The temporary wetlands of the Gwydir River floodplain
cover an area of around 200,000 ha of which a small part (800ha on four properties)
is now of declared international significance under the Ramsar Convention
(Mawhinney, 2003; Torrible et al., 2008). The temporary wetland habitats are largely determined by water regime, soils and topography (Boulton and Brock, 1999),
with the flooding regime (depth, duration, extent, frequency of flooding and rate of
flow) influencing the distribution of seasonally inundated wetland communities
including woodlands, shrublands, grasslands and open-water ponds. The Gwydir
wetlands provide feeding and breeding habitat for over 40 species of waterbirds, often
in large numbers. Some of these are threatened species and most are nomadic, dispersing across the continent when these wetlands are dry but congregating there to
breed when they flood.
Human awareness of these wetlands has guided their alteration and degradation
over time. The wetlands would have been used intermittently (when wet) by Aboriginal communities for food and water for tens of thousands of years. Since the mid
1800s, when agricultural production began, the wetlands have undergone major
changes. From the 1900s onwards land-use changes in the wetland areas have been
particularly severe. Initially native vegetation was cleared to make way for grazing
and small-scale cropping, and levee banks were built to control over-bank flow.
These left the natural wetlands fragmented and reduced in total area, but still as large,
functional temporary wetlands. But from the 1960s onwards, many private farmers
and agricultural companies with land on the riverine floodplain developed intensive
irrigated agriculture by laser-leveling the land and installing channel systems and
artificial water-impoundments, holding water from the rivers or local surface runoff. Water and wetland flooding within the catchment has, since government construction of major dams and associated floodplain developments in the 1970s,
become highly regulated by humans (Torrible et al., 2008). The Gwydir catchment
is now one of the largest cotton-producing areas in Australia. Intensive irrigated agri370
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culture has had a far greater impact upon the remaining wetlands than had grazing
or the previous, less intense cropping. Private ownership of the Gwydir wetlands has
meant that alteration of the floodplain landscape has largely been driven by the
short-term economic needs of individual landholders rather than the ecological
needs of the wetlands or public interest in conservation or other wetland values.
Although some impoundments built on farms to store water for irrigation provide
wetland habitat for vegetation and waterbirds, most are poor habitat for the native
biota as they are uniformly deep and steep-sided (Jarman and Montgomery, 2002).
Alteration of water regime, habitat loss and invasive species are the major threats
to these temporary wetlands. Alteration of water regime to satisfy water demands of
irrigated agriculture has reduced over-bank flood timing, frequency and volume,
which has impacted on the size and condition of the wetland area and hence the
habitat for vegetation and waterbird breeding and feeding (Torrible et al., 2008).
Additional threats to the viability of historic wetland values and grazing production
come from alterations to these wetland habitats by introduced plant and animal
species, such as feral pigs Sus scrofa, Water Hyacinth (Eichhornia crassipes) and Lippia (Phyla nodiflora).
The Gwydir wetlands are far from the eyes and minds of most Australians. The
local community is financially dominated by the farming sector, whose attitudes to
the maintenance of the wetlands have dominated most debate until recently. Yet even
among the farmers there is disagreement over the wetlands: graziers would like to
them to flood intermittently to produce grass for their cattle; irrigators would prefer
to use the water that runs into the wetlands for growing crops. Increased local and
national awareness of the need to maintain wetlands for on-going sustained human
use has led to allocation of water for environmental needs. Yet these Gwydir wetlands are part of a dispersed system of wetland areas across the continent that
between them supports Australia’s nomadic waterbirds. To manage the wetlands to
be fully functioning ecosystems in perpetuity, for their own sake, for national conservation outcomes, and for the local and down-stream societies that depend on
them, is a relatively new idea. How to deliver environmental water to wetlands for
effective outcomes is still debated. However, in times of drought and with climate
change projections of long-term decrease in water availability, opinions differ widely on the value and ownership of wetland water. The future of these wetlands
depends on water being made available from river flow, and hence on human management. Social awareness of wetland values and how to best maintain them is paramount. Participation of all sectors of the community (both local and national; landholders, government, conservation societies, urban communities, schools,
universities, and research organisations) is necessary for effective, socially accepted
management.
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Changing management of temporary wetlands: from private to national aims
and awareness.
These case studies demonstrate that human attitudes bring about management of
individual temporary wetlands and the pattern of wetlands in the landscape by altering water regimes, habitats and hence biodiversity. They also show that conflict can
arise when different interests want to use the same resource for different outcomes,
and that resource ownership affects that conflict. Single-purpose use of a wetland is
less problematic than multi-purpose management of jointly or publicly owned wetlands. National interests have historically lagged behind local or private interests in
effecting management, largely through lack of national awareness.
In Australia loss and modification of temporary wetland habitat is widespread
and ongoing yet has been well recognized and documented as a national phenomenon only in the last decade (e.g. Finlayson and Rea, 1999; Davis and Froend, 1999;
Brock, 2003; Kingsford, 2003). Oral history has helped document changes, e.g. for
the south-west of Western Australia (Drake and Keneally, 1995) and the Lachlan
River system in NSW (Roberts and Sainty, 1996), and has helped to increase social
awareness. Recognition of the need for conservation has increased over the last two
decades, increasing the possibility of legislative protection through listing “Endangered Ecological Communities“ and “Key Threatening Processes”, as well as “Endangered Species”, under legislation protecting threatened species in both State and
National jurisdictions. The major threat for Australian wetlands is water-regime
change, and “Alteration to the natural flow regimes of rivers and steams and their
floodplains and wetlands“ is now listed as a Key Threatening Process. However, the
implementation of national and international policies and plans lags behind the
development of the principles (Brock, 2003; Jarman and Brock, 2004). The science
needed to understand the functioning of temporary wetlands in Australia is well
advanced, yet society’s awareness of that science and of the need to maintain those
wetlands is still weak. Too often in wetland management social awareness lags
behind the need for socially approved action. Effective social awareness has a crucial role to play in local and ongoing action to conserve temporary wetlands on the
ground for the future.
FUTURE CHALLENGES FOR SOCIAL AWARENESS
Climate change predictions and temporary wetlands
Global heightened awareness of climatic changes induced by humans is changing social
attitudes to water and energy use throughout the world. The lack of certainty in scientific predictions of the consequences of climate change still confuses people and
hence impedes planning for balancing human needs with wetland conservation needs
for the future. However, social awareness of these predictions and their consequences
is needed if effective conservation of temporary wetlands is to be achieved.
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For temporary wetlands the predictions are that climate change is likely to alter
the timing, frequency and predictability of flooding and drying events. In southern
Australia climate change predictions suggest extended droughts and more extreme
events (floods and droughts) as a consequence of lower rainfall and higher temperatures (Dunlop and Brown, 2008). Such changes combined with managed changes
to the natural hydrological regime will lead to reductions in the amount of water
available for environmental and human uses. Reduced runoff and river flows may
cause further loss of temporary wetlands that will no longer hold water long enough
to support biotic communities (Nielsen and Brock, 2009). Human awareness of
reduced water availability will increase demands for development to ensure predictable water supplies; wetlands may be modified to enhance water-holding capacity. Hence the overall outlook for wetlands in Australia under a changed climate suggests fewer temporary wetlands within a landscape dominated by artificial or
modified wetlands and more saline wetlands with reduced habitat diversity, and consequently fewer biota within them (Nielsen and Brock, 2009). Similar scenarios are
predicted elsewhere in the world: temporary wetlands are threatened and heightened awareness of their values as functioning ecosystems is essential for their effective conservation.
Education, formal or informal, is the route to social awareness of the importance
of maintaining ecologically diverse and functioning temporary wetlands that will
sustain current human uses under the unpredictability and uncertainty of climate
change and increased population pressure.
Raising social awareness: think globally, act locally.
Our challenge is to promote awareness of the ecosystem services that temporary wetlands provide in the face of increasing conflicts in demands for water in a future
influenced by increased populations and human-induced climate change. Although
global awareness of the ecological, social and economic values of temporary wetlands and the need to manage them to maintain these values is written into international conservation agreements (e.g. the Ramsar Convention), global loss of these
wetlands continues. Local actions to raise social awareness of temporary wetland
values can lead to modified management that ensures protection and halts unacceptable change. Education of people of all ages in schools, in the workplace, in
recreation, and through arts and the media is the primary way to make society aware
of our scientific understanding of what wetlands require in order to provide what
humans want. Lessons from projects such as this Mediterranean wetland project on
Minorca can flow on to social awareness of temporary wetlands elsewhere.
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Limnological and sedimentological characteristics of Medina lake
(southwestern Spain)
De Vicente, I (1)., Vidal, J.(1), Green, A.J.(2), Amores, V.(1), Pozo, I.(1),
Morales, L.(1),
(2)
López, R. and Cruz-Pizarro, L.(1)

1 Water Research Institute, University of Granada, C/Ramon y Cajal, Nº4 18071 Granada,
Spain.
2 Dept. of Wetland Ecology, Estación Biológica de Doñana, C/ Américo Vespucio 41092,
Sevilla, Spain.

Medina is a RAMSAR semipermanent wetland located in a calcareous endorreic
area (Jerez de la Frontera, Southwestern Spain). Although there is existing literature about its hydrological and biological aspects (especially waterbirds), until now
no studies related to the chemical characterization of both lake water and sediments exist. Hence, a set of five surveys has been carried out at the study site by
using a double sampling strategy: short-term and long-time monitoring. In particular, nutrients (total phosphorus, total dissolved phosphorus, phosphate, total
nitrogen, total dissolved nitrogen, nitrate, nitrite and ammonium), alkalinity,
chlorophyll a and total suspended solid content were recorded at five sampling
stations. Settling and resuspension rates were estimated by placing cylindrical sedimentation traps at all sampling stations. Considering Fe as a sediment tracer, the
contribution of resuspended matter to settling rates was estimated by quantifying
Fe content in both materials. Additionally, surface sediment was analysed for organic matter content, total Fe content, and the different sedimentary P fractions.
Our results have shown that, in general, neither temporal nor spatial (vertical
and horizontal) differences in lake water composition exist. Total phosphorus concentrations (120 µg/l) were in the range of those considered for eutrophic systems.
Although half of the total phosphorus concentrations were comprised of the dissolved pool (TDP), only a low percentage (4%) was represented by phosphate
(SRP). Actually, the DIN:SRP atomic ratio was far above the Redfield ratio, thus
reflecting a strong P limitation for primary production. Settling rates were among
the highest values reported among documentation for freshwater systems, with a
high contribution of resuspended matter (30%). Surficial sediment was relatively
low in organic matter content (6%±1), showing slightly lower values at the western sites of the lake. Although no significant differences in total phosphorus concentrations (Tot-Psed) have been detected among the five sampling stations
(1064±138 µg/g DW), the highest concentrations were measured at the western
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sites. The results of the sedimentary phosphate fractionation showed that the most
important P fraction was an inorganic fraction extracted with HCl (PHCl), comprising up to 50% of Tot-Psed. The most mobile P pool, P extracted in H2O, represented 8% of the Tot-Psed. We may conclude that, based on the strong P
limitation of planktonic primary production and the relatively high content of
sedimentary mobile P, P exchange across the sediment and water interaction represent a key process for understanding the whole metabolism of Medina lake.
Keywords: wetlands, sediment, nutrients, eutrophication
Medina lake.
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Biogeochemistry of temporary ponds: impact of periodic drying- reflooding
cycles on phosphate exchange across sediment and water interface title
De Vicente, I (1), Gilbert, J.D.(2) and Guerrero, F.(2)

1Water Research Institute, University of Granada, C/Ramon y Cajal, Nº4 18071 Granada, Spain
2 Departament of Animal Biology, Plant Biology and Ecology, University of Jaén. Campus de las
Lagunillas, s/n. 23071 Jaén, Spain

Hituelo is a temporary hyposaline pond located in the Alto Guadalquivir region
(South of Spain). Previous studies have mainly been focused on biotic communities (i.e. aquatic birds, amphibians, aquatic vegetation and plankton community)
but none have been focused on the chemical characteristics of the water and sediment that actually exist. The understanding of the effect of periodic sediment
drying and re-flooding on sediment biogeochemistry is a crucial aspect for the
whole nutrient dynamic in temporary ponds. Accordingly, the aims of this study
are: i) to study the PO43- adsorption and desorption properties of wet and air-dried
sediment and ii) to assess the effect of the natural re-flooding of air-dried sediment
on changes in PO43- binding and hence PO43- exchange with lake water. Our results
have shown that no clear longitudinal patterns (dry sediment collected along transects from the maximum water inundation level to the actual water level) exist in
PO43- adsorption and desorption properties as a consequence of the notable spatial heterogeneity. A drastic PO43- increase in lake water occurred when, under
laboratory conditions, dry sediment re-flooding was simulated. To study the contribution of both biotic and abiotic processes for P release/uptake, two sets of experiments were performed (with and without sodium azide). In general, no
differences between the two treatments were found in any of the sampling stations; hence, we can conclude that abiotic processes were mainly responsible for
PO43- releasing from sediment to lake water. Sediment characterization showed
that Hituelo sediment is very low in organic matter content (2.2% ± 0.6) and that
the most important sedimentary P fraction was extracted in HCl (PHCl). The most
mobile P pool, P extracted in H2O, represented up to15% of the Tot-Psed in the stations farthest from the lake water, so it is likely that dry sediment exposed for
longer time to air conditions tend to release P more easily than those located closer
to the lake water. We conclude that based on the extremely low PO43- content in
lake water, PO43- desorption from the re-flooded sediment may represent a key
process for P dynamics.
Keywords: phosphate, sediment, drying, re-flooding, wetlands
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Presence of fine-sediment discontinuity in soils of temporary ponds in doñana
national park (SW Spain) - influence on their hydroperiod and evolution
Siljeström, P.(1), Gutiérrez, E.(1), Díaz-Paniagua, C.(2) and
Cara, J.S.(1)

1 Instituto de Recursos Naturales y Agrobiología (IRNAS - CSIC), Sevilla, Spain
2 Estación Biológica de Doñana (EBD – CSIC), Sevilla, Spain

In the Doñana National Park there is an important system of temporary ponds
with more than 3,000 water bodies in wet years. Ponds may be filled during the wet
season, mostly in autumn or winter, showing a high variability in their extent and
hydroperiod (flooded period). The abundance of ponds in this system favours a
high diversity of aquatic species. Their soil characterization has been considered
an important goal in the understanding the functioning of the whole system.
Soil processes occurring in the ponds are being studied to clarify which are the
main factors that influence the current hydrodynamics of the area, and especially
the hydroperiod of the ponds. We studied the evolution of the oldest soils, placed
on an Eroded Sand Sheet from the Mio-Pliocene Age that occupies the central
part of the National Park. The soil morphology and its physico-chemical characteristics have been studied in relation to the ponds geomorphological location and
recent evolution.
This area is characterized by a fine granulometry sediment enriched and consolidated with iron oxides in the profile depth, which acts as a discontinuity in the
profile, favouring the persistence of water in the ponds. This layer can act as a positive feedback system in the soil evolution, so the soil in ponds with longer hydroperiods show an accumulative silty-claylike horizon at depth and a deeper
organic horizon at the surface than in short duration ponds.
We detect an E-W organic matter accumulation gradient with a maximum to
the E, coinciding with the discharge areas of the dunar phreatic level. To the W, the
superficial organic horizon decreases in thickness and a claylike horizon begins to
be deposited over the lowest phreatic table limit.
The origin of the granulometrical discontinuities in the horizon and their significance in soil processes is discussed, as well as the relationship between soil
properties, geomorphological position in the landscape and water persistence.
Keywords: temporary ponds, hydroperiod, soil characterization, soil evolution, horizon discontinuity, argillaceous horizon, Doñana National Park
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Macrophyte community and driving variables in temporary
Mediterranean ponds
Del Pozo, R., Fernández-Aláez, C. and Fernández-Aláez, M.

Área de Ecología. Universidad de León, León, Spain

There is a very heterogeneous set of ponds in the Duero river basin (North Iberian Plateau). These ponds are rather different in size, chemical properties of water
and biological communities. For this reason, a total of 26 temporary ponds were
selected in this study to be classified using macrophyte vegetation.
Macrophyte species cover, morphology (surface area), and chemical parameters (pH, conductivity, turbidity, total phosphorus, orthophosphate, nitrate, ammonium, total suspended solid and chlorophyll-a) were registered for each pond.
The ponds in the study are small (0.3-18 ha) and have a wide range of trophic state
(16-3057 µg·L-1) and conductivity (57-4200 µS·cm-1). A cluster analysis based on
the Bray-Curtis similarity and one-way analysis of similarity (ANOSIM) were used
to identify groups of ponds that had significantly different macrophyte communities. “Typical species” that contributed most to the within-group similarity were
examined using a similarity percentages (SIMPER) procedure. Finally, canonical
correspondence analysis (CCA) was used to explore the relationships among the
spatial distribution patterns of macrophytes and environmental variables.
A total of 62 species (35 helophytes and 27 hydrophytes) were registered in the
ponds studied. Cluster analysis identified three significantly different groups of
ponds (groups A-C). Group A was characterized by Scirpus maritimus var. compactus, Ranunculus peltatus subsp. saniculifolius, Chara canescens and Scirpus lacustris subsp. tabernaemontani. Group B was dominated by Scirpus lacustris subsp.
lacustris and finally, Eleocharis palustris, Antinoria agrostidea, Littorella uniflora
and Myriophyllum alterniflorum were the most typical species for group C. The results of the cluster classification and CCA ordination showed that the three groups
of ponds are associated primarily with a mineral content gradient. In this way, groups
A, B and C included ponds with high (mean conductivity=1409 µS/cm), medium
(mean conductivity=839 µS/cm) and low (mean conductivity=477 µS/cm) conductivity, respectively. Also, a pond area gradient was observed with groups of ponds A,
B and C having an average size of 7.0, 4.7 and 1.7 ha, respectively.
Keywords: macrophytes, mineral content gradient, environmental variables, classification
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Naturally recovered submerged vegetation in three constructed Mediterranean ponds (Albufera de València Natural Park)
Alonso-Guillén(1), J. L., Rubio, F. (1), Regidor, M.C.(2),
Polo, J.F.(2) and Rodrigo, M.A.(1)

1 Institut Cavanilles de Biodiversitat i Biologia Evolutiva. Universitat de Valencia. Valencia, Spain.
2 Oficina de Planificación Hidrológica. Confederación Hidrográfica del Júcar. Valencia, Spain.

The Spanish Water Authorities (Confederación Hidrográfica del Júcar) and the
Valencian Government have transformed 40 ha of former rice fields (called Tancat de la Pipa) within the Albufera de València Natural Park with the idea of reestablishing the ancient ecosystems. This area, near the Albufera de València
lagoon, has been restored to improve the water quality (by establishing several
“green filters” formed by emergent macrophytes) and to reconstruct environments
that could accommodate the submerged vegetation that once existed in the lagoon, among other goals. To do so, three ponds were constructed: one of them, the
deepest (ca. 1 m mean depth; surface area: ca. 2 ha), is fed by subterranean water
inputs; the other two, much shallower (ca. 0.5 m maximum depth; surface area:
6.4-12.5 ha) which could be temporary, are fed with the water passing through the
green filters. We have studied the submerged vegetation naturally recovered after
flooding these ponds. This has been compared with the information we had from
sediment studies of past communities of subaquatic vegetation that existed in the
Albufera lagoon before totally disappearing due to the eutrophication process.
The deepest pond has developed dense meadows of charophytes, mainly composed of Chara hispida var. baltica, Ch. aspera, Ch. vulgaris var. vulgaris, Ch. vulgaris var. longibracteata and Tolypella glomerata. Myriophyllum spicatum and
Potamogeton pectinatus were also recorded but these species were introduced.
The natural development of submerged vegetation was much lower in the shallower ponds: no charophytes have been detected so far in these ponds (only some
spots of M. spicatum and P. pectinatus). At this stage of restoration, the charophyte
community naturally recovered in the deepest pond represents around fifty percent of the total species that existed in the Albufera lagoon during the fresher water
phase previous to its degradation.
Keywords: macrophytes, charophytes, natural recovery, restoration
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Cartography of the vegetation of the new ponds of Banyoles
Doncel, M.(1), Vilar, L.(1) and Campos, M.(2)

1 Universitat de Girona, Girona, Spain
2 Consorci de l’Estany, Banyoles, Spain

The Espai Natural de l’Estany is a Natural Interest Space (PEIN) featuring one of the
most important hydrogeological ecosystems in the Mediterranean region of the Iberian Peninsula. It comprises the Banyoles Lake and surrounding group of small ponds.
The area has benefited from the LIFE-Nature Programme via the following; Project: Restoration of the water environment of Porqueres and Banyoles from 2003
to 2007. (LIFE03NAT/E/000067).
One of the most important actions ever developed is the creation of five new ponds
in Banyoles (Llacuna dels Amaradors, Artiga, Aulina, Margarit and Deu de can Morgat). These are semi permanent ponds with an important temporary character.
The study consisted of fieldwork and flora inventory work. We described several vegetal communities and represented them on maps (cartography) using the
MiraMon Geographic Information System.
In this poster we show a detailed map of the vegetation of these ponds, in three
different time scales: before the ponds were created, two years later, and at present time (four years since the ponds creation).
The ponds were initially colonized by banal plants, but hydrophytes and helophytes
slowly appeared afterwards, with species such as Chara sp., Juncus sp., Thypha sp.
The new ponds have a high diversity of species and we can conclude that their
creation has been absolutely positive, both for flora and fauna biodiversity.
Keywords: cartography, vegetation, ponds, Banyoles
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Hydrogeomorphic classification and habitat suitability for aquatic macrophyte species in a natural Mediterranean temporary pond system
(Doñana National Park, SW Spain)
Fernández-Zamudio, R.(1), García-Murillo, P.(1) and Cirujano, S.(2)

1 Universidad de Sevilla. Sevilla. Spain
2 Real Jardín Botánico. CSIC. Madrid. Spain

Aquatic plants are severely endangered in a great part of the habitats from the Mediterranean area. Doñana temporary ponds are one of the scarce natural systems
of temporary wetlands that remain in Europe today, with more than 3000 bodies
of water during wet years. They are located in depressions formed by stabilized
Aeolian sands from the Holocene period. The permanence of water is due to a
combination of groundwater feed and rainfall, which can persist from late spring
to summer depending on pond location and depth. Because of its extension, habitat heterogeneity, natural origin and the little influence of anthropogenic disturbances, it is a suitable model system to assess temporary pond characteristics
and associated flora ecology. We have considered two objectives in our study. The
first aim was to identify the main abiotic factors that explain the heterogeneity of
ponds in the study area using multivariate techniques. The second one was to choose five different macrophyte species with contrastable habitat availability, and
which were the paradigm of aquatic flora in these environments. For each specie,
a model selection approach was carried out, based on Akaike criterion, to determine what the key factors are that explain their distribution and abundance. The
results will provide useful information to be applied to conservation policy of this
outstanding European natural area.
Keywords: aquatic macrophytes, aquatic plants, Doñana, Iberian Peninsula, SW
Europe
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Floristic diversity of temporary freshwater wetlands of Tunisia
Ghrabi-Gammar, Z.(1)(2) , Daoud-Bouattour, A.(2)(3),
Ferchichi-Ben Jamaa, H.(2)(3)(4),
Gammar, A.M.(2), Muller, S.D.(4), Rhazi, L.(5) and Ben Saad-Limam, S. (2)(3)

1 Banque Nationale de Gènes, Boulevard du Leader Yasser Arafat, ZI Charguia I-1080 TunisTunisie.
2 Unité de Recherche Biogéographie, Climatologie Appliquée et Dynamique Erosive, Faculté des
Lettres, des Arts et des Humanités de Manouba, Université de la Manouba, Tunisie
3 Faculté des Sciences de Tunis, Université de Tunis El Manar, Tunisie
4 Institut des Sciences de l’Evolution de Montpellier, Université Montpellier-2 - CNRS, France
5 Université Hassan II Aïn Chock, Faculté des Sciences, Maroc

Tunisian freshwater wetlands harbour an important floristic richness (407 species, 228 genera and 75 families) characterized by a high proportion of rare and/or
endangered taxa (~ 29%). While presenting a great diversity of habitats, these wetlands are mainly temporary (pools, streams, etc.) or semi-temporary (lake shores).
They are essentially found in regions of Northern Tunisia: Kroumirie, Mogods
and Cap Bon. Their flora comprises 48 of the 105 rare taxa of Mediterranean temporary pools (~ 45.7%). Among them, 9 are considered rare at the Tunisian scale
(Airopsis tenella, Baldellia ranunculoides, Elatine alsinastrum, Elatine macropoda,
Glinus lotoides, Illecebrum verticillatum, Isolepis pseudosetacea, Lythrum borysthenicum, Solenopsis bicolor) and 4 very rare (Pilularia minuta, Crassula vaillantii,
Callitriche regis-jubae, Exaculum pusillum). Conservation of this exceptional biodiversity, threatened on short term, implies urgent development of scientific investigations as well as adapted protection measures. Financial support was
provided by the Tunisian Research Unit Biogeography, Climatology Applied and
Erosive Dynamics, and by the program CMCU-Egide (PHC Utique 07G0908).
Keywords: Mediterranean, rare plants, hydrophytes, conservation, North Africa.
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Temporary wetlands of Northern Tunisia: typology and plant diversity
Ferchichi-Ben Jamaa, H. (1)(2)(3), Muller, S.D.(1), Daoud-Bouattour, A.(2)(3),
Ghrabi-Gammar, Z.(3)(4), Rhazi, L.(5), Soulié-Märsche, I.(1) and
Ben Saad-Limam, S.(2)(3)

1 Institut des Sciences de l’Evolution de Montpellier, Université Montpellier-2 - CNRS, France
2 Faculté des Sciences de Tunis, Université de Tunis El Manar, Tunisie
3 Unité de Recherche Biogéographie, Climatologie Appliquée et Dynamique Erosive, Faculté des
Lettres, des Arts et des Humanités de Manouba, Université de la Manouba, Tunisie
4 Banque Nationale de Gènes, Tunisie
5 Université Hassan II Aïn Chock, Faculté des Sciences, Maroc

While largely under Saharan influence, Tunisia harbours a great diversity of wetlands
characterized by a rich flora. These habitats are poorly recognized, hardly investigated
and their biodiversity value not yet established. The study of the temporary wetlands
of Mogods Hills (Northern Tunisia) was recently undertaken. The present work represents a first step for present-day biodiversity assessment of Tunisian temporary wetlands with the aim of (1) achieving the first detailed inventory of the flora of these
habitats, (2) specifying their major plant communities, (3) questioning the relationship between composition and structure, and (4) determining the controlling factors.
Floristic surveys, conducted at 42 sites, provided the discovery of new species of
Tunisian flora: Pilularia minuta, Crassula vaillantii, Isolepis pseudosetacea, Bellis prostrata, Solenopsis bicolor, Eleocharis uniglumis… Vegetation data was computed using
a correspondence analysis (AFC), which shows several plant communities, among
which certain correspond to known associations. Communities dominated by Erica
scoparia, Osmunda regalis and/or Pteridium aquilinum characterize habitats accumulating organic substrate (peatlands). Other communities, developed on mineral substrates, are distributed along a gradient of water depth. The main factors controlling
the composition and structure of these communities appear to be substrate and hydrology. This work reveals the diversity of the flora of temporary wetlands of Northern Tunisia, which are characterized by numerous rare and endangered species.
Further studies are needed to clarify the functioning and the structure of these habitats and, notably, to better understand the impact of human activity in order to design
appropriate conservation measures. Financial support was provided by the program
Egide-CMCU (PHC Utique 07G0908).
Keywords: Mogods Hills, hydrophytic vegetation, plant community, biodiversity, AFC
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The temporary pools of western Morocco: issues of conservation and
spatio-temporal dynamic by Remote sensing
Rhazi, L. (1), Grillas, P. (2), Saber, E. (3) and Rhazi, M. (4)

1 Hassan II University, Faculty of Sciences, Aïn Chock, Casablanca, Morocco
2 Station Biologique de la Tour du Valat, Arles, France
3 CEGA-UMR «ESPACE» and University of Provence, France.
4 Moulay Ismail University, Faculty of Sciences and Techniques, Errachidia, Morocco

In the Mediterranean basin, Morocco is acknowledged for its richness in temporary pools found over large areas of the territory, from the Atlantic plains to the
Eastern “High Plateaux” and mountain ranges. They are found at higher density
in Western Morocco where they show large diversity of size, shape, depth, substrate and ecological characters.
An analysis of the changes in quantity and surface areas of pools in the Province
of Benslimane (western Morocco) was achieved for the period 1955-2001 using
maps and satellite data (Landsat). In the same area, the species composition of the
vegetation has been studied in 48 temporary coastal and inland pools using a phytosociological approach. For each pool, environmental variables were measured:
maximum water level (in winter), size of the pool and the land use (forest or agropastoral) in the nearby catchments. Each species was characterized by several attributes (Raunkiaer growth form, specialist of pools/opportunistic, rarity and
biogeographical domain). In the same way, a spatio-temporal evolution of the
number and of the surface area of the pools (1955-2001) in the province of Benslimane has been studied by remote sensing (vegetation map and 2 satellite images).
The results show rich flora (302 species) comprised mainly of therophytes
(69%) with a predominance of the Mediterranean taxa (Elatine, Isoetes, Kickxia,
Lythrum, Lotus…) followed by Atlantic taxa (Illecebrum, Cicendia, Juncus, Exaculum…), cosmopolitan (Cotula...) and tropical taxa (Marsilea, Phyla...). The poolspecialized species make up 30% of the total flora including 14 rare or very rare
species.
The opportunistic species of the pools (70% of the total flora) are mainly agricultural
weeds and terrestrial forest species, which are abundant in the habitats surrounding the
pool and develop during the dry phase of the hydrological cycle of the pool.
In the whole province (255.000 ha) a total of 871 pools were found in 1955 with
a cumulated surface area of 5.086 ha. A decline in the quantity and surface area of
the pools has been shown in the province. In 2001 the number of pools had declined to 652: 219 pools had disappeared, all located in agricultural environments.
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In contrast, the pools did not show any decline when located in forests. These
results demonstrate the need for the conservation of these habitats that should be
taken into account in Moroccan programmes of conservation of the biotopes and
biodiversity. Important pool complexes should be listed as Ramsar sites, which
should attract attention of the general public and decision makers on the international importance of the temporary pools of Morocco.
This project is supported by the Egide-CMIFM program (PHC Volubilis MA/07/172)
Keywords: temporary pool, flora, biogeography, pool species, rare species, Morocco
Temporary pool in Benslimane forest, Morocco. (photo Patrick Grillas).
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The importance of the bryophytes in the Mediterranean temporary ponds of
Minorca
Pericàs, J.(1), Rosselló, J.A.(2), Mascaró, J.(3) and Fraga, P.(3)

1 Universitat de les Illes Balears, Palma, Spain
2 Fundació Carles Faust, Jardí Botànic Mar i Murtra, Blanes, Spain
3 Projecte LIFE BASSES, Consell Insular de Menorca, Maó, Spain

Despite their important ecological functions, quite often bryophytes are undervalued in most floristic projects or studies about habitat management or as a tool
for value assessment. Usually damp habitats with a seasonal presence of surface
water show a higher diversity of these plants. Thus, Mediterranean temporary
ponds should be a target habitat for the study and knowledge of bryophytes. Despite this evidence, there are very few studies concerning the importance of this
habitat for the conservation of bryophytes.
An objective of the LIFE BASSES project (LIFE05/NAT/ES/000058,
www.cime.es/lifebasses) is to increase the awareness of the biodiversity of Mediterranean temporary ponds. Its accomplishment means the development of studies
on several groups of animals and plants. Especially due to the absence of previous
information and the high diversity of ponds found in Minorca, the inventory of
bryophyte species in this habitat is being done from the first stages of the project.
After more than three years of field collection it is now possible to include the
bryophytes as an additional factor for the evaluation of priority ponds for conservation. The results from these studies have revealed some important new records
for the bryoflora of Minorca and the Balearic Islands and have considerably expanded the distribution area of several rare species on the island.
This study is not only useful on a quantitative level. It also shows relevant information about the ecology of this habitat and how different factors like geology,
geomorphology, threats, and conservation status are influencing the presence of
singular species or the whole richness in this group of plants.
As a conclusion, it can now be said that for the temporary ponds of Minorca the
bryophytes can be an important issue for the development of management plans
and to design the conservation actions to be included in them.
Keywords: bryophytes, Minorca, temporary ponds, management, conservation
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Temporary ponds in Aragón habitats map: Las Amargas lakes system (Monegros, Spain) as an example of vegetation cartography, and its correspondence
with european habitats
Benito, J. L.(1), Conesa, J. A.(2) , Pedrol, J. (2) and Sanz, V. (3)

1 Coordinador del Mapa de Hábitats CORINE de Aragón - Jolube Consultoría Ambiental, Jaca
(Huesca).

2 Dpto. Hortofruticultura, Botánica y Jardinería, ETSEA, Universitat de Lleida.
3 Responsable del Proyecto. Dpto. de Medio Ambiente del Gobierno de Aragón.
At the moment the mapping of the List of Habitats of Aragón is under way. This
relationship of habitat, which consists of almost 600 entries, is based on an adaptation to Community of Aragón of the document, CORINE-Biotopes Manual of
the European Community. Nevertheless this list is constantly being revised and expanded to simultaneously carry out the mapping.
In order to exemplify, this model shows the general cartography of the closedbasin complex of the lagoons of South Monegros (Bujaraloz-Sástago-Peñalba,
Zaragoza province, Spain). The general landscape of this territory is semi-arid land
with a cereal vocation, despite already having been introduced in the north an irrigated sector. There are a great many small reliefs, which contain remains of natural
vegetation (sasos) and particularly a group of more than 120 (salt lakes, hoyas, clotas...)
of varying shapes and surface areas between 1 and 240 ha. Among these, depending
on their location and size, there may be a layer of water during the winter and spring,
in some it may last a very short time, and not at all in others.
This communication briefly describes the nature and origin of these depressions, but especially the information in the system of the temporary ponds of Las
Amargas as they take shape (Peñalba). This set is formed by two current salt lakes and
nine clotas containing 10 habitats of European interest (halophilous, nitrohalophilous,
tamarisks...), some of high-priority, as well as species of vascular flora of a high biogeographic interest (Microcneum coralloides, Halopeplis amplexicaulis, etc.).
Keywords: temporary salt lakes, halophilous vegetation, Monegros, endorheic
basin, habitat CORINE, cartography
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Combined impacts of salinisation and hydrological modification on
permanent communities of Mediterranean temporary ponds:
a long term mesocosm study
Waterkeyn, A.,(1)(2) Grillas, P.(2) and Brendonck, L.(1)

1 Laboratory of Aquatic Ecology and Evolutionary Biology, K.U.Leuven, Leuven, Belgium
2 Station Biologique Tour du Valat, La Sambuc, Arles, France

A former field survey in the Camargue (Tour du Valat, France) has demonstrated
that salinity and hydroregime are key factors shaping the invertebrate communities in coastal temporary ponds. Since climate change (sea level rising, aridification) and intensive water management (irrigation, drainage) are expected to
influence these factors, it is important to know how combined effects of both secondary salinisation and hydrological modification will impact the communities in
these fragile habitats. Especially permanent inhabitants producing egg banks are
at risk as they can not actively escape. To study the combined effects of salinity
and hydroregime on invertebrate communities, we therefore exposed pooled resting egg banks to a range of salinity and hydroregimes in 80 400L tanks for three
consecutive years. Both experimental factors significantly influenced diversity,
density, reproduction and overall community structure of the hatching communities. Increasing salinity had an overall negative effect, especially for the large
branchiopods. While they were still able to hatch at 2.5 g L-1, their reproduction
was strongly impeded at this salinity. Observed salinity responses of chydorid
cladocerans and ostracods were somewhat atypical, probably due to indirect effects
of intense biotic interactions with large branchiopods. Different taxa responded in
different ways to the tested variation in hydroregime, mostly depending on their
life cycles. More r-selected large branchiopods preferred regimes with many short
inundations. In contrast, longer living species with an increasing reproduction capacity with time or later hatching, performed better in regimes with fewer but
longer inundations. For several taxa, the interaction between salinity and hydroregime also had a significant effect, underlining the necessity to consider both
stressors together when designing conservation measures.
Keywords: salinisation, hydrological modification, hydroperiod, large branchiopods,
zooplankton
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Comparison of zooplankton dynamics in several ponds from l’Albufera
Natural Park (Valencia, Spain).
Anton-Pardo, M. (1) and Armengol, X.(1)

1 Universitat de València, Valencia, Spain

In l’Albufera Natural Park (Valencia, Spain) a set of peridunar ponds, which include both permanent and temporary systems, have been studied. They have a
wide range of values for some environmental variables such as permanence of
water and conductivity. Their zooplankton community was studied fortnightly in
some of these systems during a hydrological cycle (from Autumn 2006 to Spring
2007, when the ponds dried out). The aim of our study was to characterize the
zooplankton community in these ponds, and identify which environmental variables were more related to the zooplankton community and their seasonal changes.
The results showed great heterogeneity in the zooplankton community and in the
patterns of specific richness observed for the main microinvertebrate groups.
Keywords: hydroperiod, salinity, species richness, zooplankton dynamics
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Invertebrate faunal diversity comparison between temporary and permanent
bodies of water in a Mediterranean landscape
Escrivà, A., Mezquita, F. Armengol, X. and Rueda, J.

Departament de Microbiologia i Ecologia de la Universitat de València, Valencia, Spain

In this study we analyze the invertebrate fauna (rotifers, copepods, cladocerans, ostracods and macroinverebrates) inhabiting several temporary and permanent bodies of water located in the Baix Maestrat region (Valencian Community, Spain),
covering an area from the coast to the inner mountain ranges. A total of 24 different water bodies, from coastal wetlands to temporary small ponds were sampled, collecting environmental data (pH, temperature, conductivity, nutrient
concentration) and biological samples (zooplankton and zoobenthos, with different methods). Biological samples were examined and taxa present determined to
the species level whenever possible. More than 200 taxa were identified, with the
macroinvertebrates and rotifers being the most species-rich groups. Our main
goal was to compare the faunal composition between temporary and permanent
bodies of water in this small Mediterranean region covering a wide environmental gradient. Our results show that, although we found differences between temporary and permanent aquatic ecosystems with regards to their faunistic
composition, general differences in the whole invertebrate community were not
significant or only marginally significant. However, other environmental traits including altitude and water conductivity seem to explain the community structure
variability better than hydroperiod. In addition, the species richness calculated
through rarefaction curves show the same pattern in both types of habitats (permanent vs. temporary), with insignificant differences in species richness between
them. This suggests that temporary aquatic habitats harbour a reservoir of invertebrate biodiversity comparable to that of permanent aquatic environments, although major conservation efforts are usually focused only on the latter type of
ecosystems.
Keywords: hydroperiod, temporary, ponds, Baix Maestrat, copepoda, cladocera, ostracoda, rotifera, macroinvertebrates, biodiversity.
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Dragonfly communities of the near-permanent pools at Can Morgat
Lockwood, M.(1) and Campos, M.(2)

1 Oxygastra, Grup d’Estudi dels Odonats de Catalunya, Barcelona
2 Consorci de l’Estany, Banyoles, Girona

Three near-permanent pools at Can Morgat, near the large karstic Lake Banyoles
(Catalonia, NE Spain), were excavated and flooded in spring-summer of 2006 in
order to create a diverse system of temporary and semi-temporary habitats. Since
the beginning of 2007, dragonfly monitoring has taken place and the succession
of dragonfly species colonizing the site has been studied.
The first records of dragonflies date from summer 2006 and in September of
that year a large emergence of teneral Sympetrum fonscolombii occurred, indicating that this species is one of the most pioneering of all species and is capable of
producing a large generation within months of a new habitat being created. 18
species were detected around the pools at Can Morgat during monitoring in 2007,
of which the most common were Ischnura elegans and Erythromma lindenii
amongst the Zygoptera, and Anax parthenope, Sympetrum fonscolombii, S. striolatum, Orthetrum cancellatum, Crocothemis erythraea amongst the Anisoptera. In
2008, species numbers increased to 23 and the most common was once again Crocothemis erythraea, but Erythromma viridulum was second, thereby demonstrating its great dispersal and colonizing ability.
Encouragingly, some locally rare stenographic species observed in previous
years in the nearby permanent karstic Lake Banyoles have also begun to use the
new lagoons: Oxygastra curtisii, a protected species, was observed in 2008 hunting the margins of the pools, and Selysiothemis nigra, known in the Iberian Peninsula from only a handful of sites, also appeared to colonise the new habitat,
although reproduction will not be proved until the emergence occurs in 2009. A
third rare species, Aeshna isoceles also appeared to use this habitat regularly in
2008.
Despite the initial aims, the dragonfly communities that are evolving seem to
be more typical of permanent habitats. The monitoring at Can Morgat (methodology developed in Catalonia) has been shown to be efficient in recording the
species succession occurring at the site and it is hoped that in coming years fluctuations and trends will also be revealed by this methodology.
Keywords: dragonfly, near-permanent pools, Banyoles, communities, monitor
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Vicariance in the steppic temporary ponds from two palearctic extremes:
crustaceans from the Iberian Peninsula and Mongolia
Alonso, M. and Pretus, J.Ll.

Institut de Recerca de la Biodiversitat. Universitat de Barcelona. Diagonal 645, 08028
Barcelona. Spain.

The most characteristic lakes from the Iberian Peninsula are the steppic ones,
being unique in Western Europe. As their name suggests they are found inland,
through sedimentary planes of main rivers, Duero, Ebro, Guadiana and
Guadalquivir, thus subjected to a rather continental climate. Most of them are
temporary ponds, but their physicochemical properties are extremely heterogeneous. Major ponds from the past have disappeared, and most of the present ones
are currently threatened. Their biodiversity is genuine. Branchiopods and copepods have been object of interest since the mid-twentieth century, with a currently
well-known taxonomic catalogue, providing relevant case studies in historical biogeography and community ecology.
We compare here the branchiopod and copepod fauna of Iberian steppic temporal ponds with those of Mongolian steppes, following seminal intuitions from
R. Margalef about vicariance scenarios and general affinities between these two
areas. From 2005 onwards we systematically sampled as many as 350 Mongolian
lakes from all over the country, most of them in steppic landscapes. Branchiopods
and copepods have been studied taxonomically, and simple water environmental
key variables, in the way measured in the Spanish lakes, have been evaluated as
well: persistency, electric conductivity and turbidity, thus providing a framework
for community comparisons between both areas.
The raising scenario is one with a general matching of species composition of
communities along the main environmental gradients, as is the case for small
branchiopods (anomopoda), cyclopoids and harpacticoids. Vicariant pairs of
species are found among large branchiopods, in general, like Triops, Cyzicus,
Artemia, Branchinella and Branchinecta. Moreover, vicariancy is also found at a
generic level, with cases within large branchiopoda and calanoida, like when Iberian Chirocephalus diaphanus, Branchipus (B.schaefferi, B.cortesi) and Arctodiaptomus salinus are replaced in Mongolia by species of the genus Galaziella
(G.gobisteppensis, G.mongoliana, G.murae), Branchidopsis (B.affinis) and Metadiaptomus asiaticus, respectively.
The affinities found when comparing the two areas would allow an ambitious
applied research program in order to establish the reference conditions for the
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Iberian steppic ponds, mostly modified by man, as an implementation of the predictive models required by the Water Framework Directive.
Keywords: Branchiopoda, Copepoda, Iberian Peninsula, Mongolia, vicariance
Davsnii nuur, Zavhan, Mongolia (photo Miguel Alonso).
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Distribution patterns of calanoid copepods in freshwater temporary ponds
in eastern Spain.
Sahuquillo, M., Miracle, M.R. and Vicente, E.

Universitat de Valencia, Spain

Calanoid copepods are not ubiquitous and some species are restricted to temporary waters. Around 90 temporary freshwater ponds were sampled in the central
part of Eastern Spain (corresponding to the provinces of Comunidad Valenciana
and Cuenca) to determine the distribution of calanoid copepods. Calanoids were
found in 54% of the studied sites, mainly as single species occurrences. Three different pond typologies were distinguished characterized respectively by the presence of Neolovenulla alluaudi, Mixodiaptomus incrassatus and Hemidaptomus. The
first two species were more frequent yet mutually exclusive in the studied locations. A discriminant analysis made up of several limnological variables indicated
that the major discriminating variables between the ponds characterized by the
presence of either N. alluaudi or M. incrasatus were plant coverage, water turbidity and crustacean species richness. Additionally, geographical and climatic factors
are also important in the distribution of these species. A third pond typology based
on the presence of Hemidiaptomus ingens “inermis“ (first record for Spain) and
Hemidiaptomus robaui lauterborni seems to be related to the natural conservation
of ponds of ancient origin. They can co-exist with other diaptomid species with a
marked size difference (Diaptomus cyaneus intermedius and Mixodiaptomus
laciniatus atlantis). One of the ponds, was artificially deepened and has become
more permanent, now M. laciniatus atlantis was the only species found.
Study supported by UE and GVA (LIFE05/NAT/E/000060).
Keywords: Hemidiaptomus, freshwater calanoids, Mediterranean temporary ponds
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Importance of spatial patterns and habitat characteristics for large
branchiopod (Crustacea: Anostraca, Notostraca and Spinicaudata)
Gascón, S.(1), Machado, M.(2)(4), Sala, J.(1), Cancela da Fonseca, L.(2)(3),
Cristo, M.(2)(4) , Boix, D.(1)

1 Institute of Aquatic Ecology, University of Girona (Spain)
2 FCMA, Universidade do Algarve (Portugal)
3 Laboratório Marítimo da Guia/Centro de Oceanografia (Portugal)
4 CCMar, Universidade do Algarve (Portugal)

The distribution of large branchiopods is complex to assess due to the ephemeral
nature of its habitat and the erratic occurrence of the species in a regional scale.
Two temporary pond networks were sampled (NE and SW Iberian Peninsula; 6
and 10 species, respectively). Logistic regressions were carried out to relate the
presence of large branchiopods to spatial patterns and several habitat characteristics. In SW area 6 species showed significant relationships with habitat and spatial
descriptors. The importance of habitat characteristics differs according to the
species. For example, ponds with high surface and a high percentage of submerged
vegetation cover not reaching the water surface seemed to be preferred by Branchipus cortesi and Tanymastix stagnalis. In contrast, Chirocephalus diaphanus and Triops mauritanicus were more probable to be found in clay substrate ponds with
submerged vegetation reaching the water surface. Moreover, different species
showed similar relationships with the same spatial descriptors (B. cortesi with T.
stagnalis; and C. diaphanus with C. grubei and T. mauritanicus). On the other hand,
in NE area only 3 species had significant relationships with spatial and/or habitat
descriptors. The most frequent species (Branchipus schaefferi) is more probable to
be found in small and turbid water bodies. C. diaphanus in NE area is more probable to be found in water bodies with large surface and high altitude. Triops cancriformis also prefer large surface water bodies but situated at lower altitudes. In
this area, only B.schaefferi and C. diaphanus showed significant relationships with
some spatial descriptors, but not with the same spatial descriptor. Although habitat characteristics had similar importance for large branchiopod assemblages in
both areas, spatial patterns had higher importance for large branchiopods assemblages of the NE area.
Keywords: temporary ponds, large branchiopods, logistic regressions, ecology
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Neglected dispersal vectors of aquatic invertebrates in a mediterranean wetland area: mammals and humans
Waterkeyn, A.(1)(2), Vanschoenwinkel, B.(1), Grillas, P. (2) and Brendonck, L.(1)
1 Laboratory of Aquatic Ecology and Evolutionary Biology, K.U.Leuven, Leuven,
Belgium
2 Station Biologique Tour du Valat, La Sambuc, Arles, France
A former field survey in the Camargue (Tour du Valat, France) showed that dispersal was not limiting for the invertebrate communities in the studied temporary pond cluster. Many invertebrates inhabiting insular aquatic habitats rely on
external agents or vectors to disperse. Besides water connections and wind, waterfowl and amphibians are known to mediate passive dispersal of freshwater invertebrates. However, the possibility of dispersal by large terrestrial mammals and
humans has been largely overlooked. We investigated the potential of these vectors by analysing mud samples collected from 'rubbing trees' used by wild boar
(Sus scrofa) after wallowing and also from boots and car tires from researchers
returning from the field. Seventeen invertebrate taxa (Cladocera, Copepoda, Ostracoda, Rotifera, Turbellaria, Nematoda, Tardigrada, Bryozoa, Protozoa) were recovered from the wild boar 'rubbing trees'. Dispersing invertebrates were collected
up to 318m from the nearest potential source and both abundance and richness of
invertebrates significantly decreased with dispersal distance. This demonstrates
that large mammals such as wild boar can act as dispersal vectors of aquatic invertebrates at a local scale. As wallowing (mud bathing) is common to many terrestrial mammals, this mode of dispersal may be quite widespread. Human
mediated dispersal is also not deniable as both boot and car tire samples contained
large numbers of viable invertebrate propagules. In total 18 different taxa were recovered (large branchiopods, Cladocera, Ostracoda, Rotifera, Turbellaria, Nematoda, Bryozoa, Protozoa) with Artemia parthenogenetica being extremely
abundant. This shows that management, research and recreational activities in
wetland areas may result in dispersal of freshwater invertebrates on local and regional scales.
Keywords: dispersal, zoochory, invertebrates, humans, wild boar (Sus scrofa)
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Ponds approached from an ecotoxicological point of view:
putting the “eco-“ in toxicology
García-Muñoz, E., Guerrero, F. and Parra, G.
Departamento de Biología Animal, Biología Vegetal y Ecología. Campus de las Lagunillas, s/n. 23071 Jaén, Spain.
In southeast Spain many temporary ponds are surrounded by agriculture. Their
watersheds are damaged by continuous ploughing, use of toxic products or construction of drainage channels, among other factors. These wetlands are used by
many amphibian species for reproduction. In recent years, amphibian population
has showed a reduction that could partially be attributed to the aggressive agricultural practices mentioned before. Although no single factor is solely responsible for the reduction since each aquatic system may have its own particular cause
or causes, the ecotoxicology can help us to understand ecosystem complexity. In
this study Bufo bufo, one of the most sensitive amphibian species in southeast
Spain, has been used at different levels with an eco-toxicology approach: i) microcosms, with static toxicity laboratory tests, ii) mesocosms, in outside containers with pond sediments (from agricultural and non-agricultural land use) and
iii) ecosystem level, analyzing its distribution in 31 natural ponds. The results show
a negative effect on this species at different hieratical levels (subcellular, individual, and population) allowing us to link information from a bioindicator to an
ecosystem on different spatial scales. Although direct projection from small laboratory micro-system to open nature may not be entirely valid, there is evidence
that the observed trends in the laboratory with B. bufo are similar to what is happening in the studied ponds.
Keywords: Bufo bufo, agricultural practices, agrochemicals, southeast Spain
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Spatial patterns and environmental correlates of temporary pond flora:
a case study in
Pinto-Cruz, C.(1), Barbosa, A.M.(2), Molina, J.A.(3), Barbour, M.(4) and
Espírito-Santo, M.D.(5)
1 Departamento de Biologia, Universidade de Évora, Portugal / CBAA – Centro de Botânica
Aplicada à Agricultura, Lisboa, Portugal
2 Cátedra Rui Nabeiro-Biodiversidade, CIBIO / Universidade de
Évora, Portugal / Department of Biological Sciences, Imperial College London, United Kingdom
3 Departamento de Biología Vegetal II, Universidad Complutense de Madrid, Spain
4 Department of Plant Sciences, University of California, Davis, USA
5 Departamento de Protecção de Plantas e de Fitoecologia / CBAA – Centro de
Botânica Aplicada à Agricultura, Instituto Superior de Agronomia, Lisboa, Portugal

Temporary ponds are seasonal wetland habitats subjected to extreme and unstable ecological conditions. Our study area was the coastal plain of southwest Portugal, which spans across 100km (north to south) and hosts a large number of
seasonal wetlands as a consequence of climatic and edaphic characteristics. Field
sampling was carried out in 25 temporary ponds every spring between 2005 and
2008. We recorded a total of 174 plant species identified within visually homogeneous plots. We included the data in a geographic information system and classified ponds according to their species composition. We found three significantly
different groups that correspond to pond typology: Mediterranean temporary
ponds, marshlands, and disturbed ponds. As temporary ponds are particularly
sensitive to environmental variables, we searched also for relationships between
temporary pond flora and a series of bioclimatic, geographic, and soil parameters.
We found that species richness was related to sampling effort (number of relevés),
but there were also significant relationships with soil characteristics such as the
type of rock substrate, the percentage of fine-grain sand, and nitrogen content.
There were no significant relationships with geographical position or with the
bioclimatic variables analysed. A stepwise analysis of co-variance using Akaike’s information criterion for parsimonious model selection yielded a final model in
which effort together with rock type and fine sand explained nearly 60% of the
variation in plant species richness among ponds. A variance partitioning procedure revealed that 44% of the variation could be explained exclusively by the soil
variables, only 9% by sampling effort, and 7% by both factors indistinguishably.
Keywords: seasonal wetlands, plant species richness, biotic regionalization, environmental modelling
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Spatial and temporal patterns of pioneer macrofauna in recently
created ponds: taxonomic and functional approaches
Ruhí (1), Boix, D.(1), Sala, J.(1), Gascón, S.(1) and Quintana, X. D.(1)

1 Institute of Aquatic Ecology, University of Girona. Catalonia, Spain.

Man-made ponds are often created to compensate for the loss or degradation of
wetlands, but little is known about the processes taking place in these artificial environments, especially at a community level. The macrofaunal assemblage and
water chemistry of newly created ponds in three nearby areas of the NE Iberian
Peninsula were studied during the first year of their existence in order to (i) detect
if any invertebrate assemblage structure change was taking place, (ii) evaluate the
effect of local factors on the invertebrate assemblage at each site, and (iii) compare
the information obtained from taxonomic and functional approaches. Although
invertebrate colonization was rapid, no relevant changes in assemblage parameters
were related to time, implying that more time may be needed to detect successional
changes in invertebrate assemblages. Local factors –especially those related to hydrological stability– produced notable differences both in the assemblage parameters and in the taxonomic and functional compositions of the invertebrate fauna.
Finally, information provided through the functional approach was redundant with
respect to that obtained by the classical taxonomic approach: in these newly created
systems the high dominance of a small number of taxa makes the functional approach a simple biological traits analysis of the few dominant species.
Keywords: Mediterranean ponds, succession, colonization, assemblage structure,
functional approach, hydrological stability
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Community structure and environmental complexity
in Mediterranean ponds
Trigal, C.(1), Fernandez-Alaez, C.(2), Becares, E.(2), Garcia-Criado, F.(2)
and Fernandez-Alaez, M.(2)

1 Department of Aquatic Sciences and Assessment, Swedish University of Agricultural Sciences
Uppsala, Sweden
2 Universidad de Leon, Leon, Spain

The interpretation of diversity and assemblage structure in relation to environmental gradients is complicated because various potential processes may be interacting at
the same time. In complex systems such as ponds, vegetation plays a central role as a
determinant of the habitat structure. In this study we investigate the distributional
patterns of the phytoplankton, macroinvertebrate and zooplankton assemblages in
relation to habitat, nutrients and other abiotic and biotic variables.
The study was conducted in 29 ponds of northwest Spain. Several biotic and environmental variables were measured in the summers of 2003 and 2004. Macroinvertebrates were collected with a pond net from the dominant habitats. Composite
water samples were used to determine phytoplankton biomass and zooplankton
abundance. Integrated water samples were also used for analysis of several chemical parameters. Fish abundance was determined using nets set overnight and retrieved after 18h. Abundance and biomass per unit effort were estimated for two
size classes: fish larger than 10cm and fish smaller than 10cm. Pond area, depth,
percentage of submerged vegetation, vegetated shores, and several macrophytes
functional traits were used as habitat variables.
Using NMDS we investigated the distributional patterns of the phytoplankton,
macroinvertebrate and zooplankton assemblages. In addition, BIOENV was used
in an initial exploratory analysis to determine the set of environmental and biotic
(i.e. fish) variables that better explained the differences in the taxonomic structure of each assemblage. The information theoretic approach proposed by Burnham and Anderson (2002) was ultimately used to test a set of a priori hypothesis
(models) in which we combine habitat structure, nutrient gradient, morphometry
and biotic variables.
We hypothesize that habitat structure is a crucial factor for the phytoplankton,
macroinvertebrate and zooplankton assemblages of ponds but their importance
varies among assemblage type. More specifically, pond area, the percentage of vegetated shores, and individual traits of macrophytes (e.g. morphology, allelopathy)
will be among the best explanatory variables. The response to other environmen417

Ecology

tal variables such as nutrients will be subjected to the degree of habitat heterogeneity in the pond. From a conservation point of view, understanding how habitat structure shapes the biotic-biotic and abiotic-biotic interactions is of
importance to preserve high diversity and ecosystem health.
Keywords: ecological interactions, Mediterranean ponds, biotic assemblages, habitat structure, nutrient gradient
Ranunculus peltatus (photo Josep Mascaró)
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Macroinvertebrate assemblages of temporary ponds in the Doñana National
Park (SW Spain): the role of a heterogeneous pond network
Florencio, M.(1), Bilton, D. T.(2), Serrano, L.(3), Gómez-Rodríguez, C.(1),
Millán, A.(4), Gómez-Flores, A.(1), Díaz-Paniagua, C.(1)

1 Doñana Biological Station-CSIC, Seville, Spain;
2 University of Plymouth, Plymouth, UK;
3 University of Seville, Seville, Spain;
4 University of Murcia, Murcia, Spain

The relationships between macroinvertebrate assemblage structure and environmental conditions have been poorly studied in temporary ponds. In 2007, we examined
macroinvertebrate assemblages and environmental conditions in a range of temporary ponds in the Doñana National Park with two objectives: 1) to determine the relationship between environmental conditions and macroinvertebrate assemblages, 2)
to analyse the nestedness in our macroinvertebrate community. Using 1mm mesh net,
macroinvertebrate assemblages of 20 ponds were sampled monthly. In addition, we
sampled the macroinvertebrate assemblages of 90 ponds only once in spring, at which
time we recorded physicochemical variables (pH, conductivity, nutrients, ionic concentrations, etc). Throughout the 20 ponds, we detected a relationship between their
macroinvertebrate cumulative abundances and environmental conditions. However,
in all 90 ponds, no relationship was observed between macroinvertebrate presenceabsence and environmental variables overall. We then investigated whether subsets of
macroinvertebrate assemblages in the ponds were associated with particular environmental conditions. Different environmental variables were linked to macroinvertebrate assemblage structure in groups of ponds which contributed at different levels to
the global similarity, including conductivity, macrophyte richness, pH, total Phosphorous or distance from ponds to the coast. Macroinvertebrate assemblages were
highly nested in the study area, with taxa and ponds that significantly departed from
this nested structure. Some of these idiosyncratic taxa were locally rare, such as Yola
bicarinata or Sigara scripta, whilst others were relatively frequent, including Sympetrum
fonscolombei and Gerris thoracicus. The high number of heterogeneous and conserved
ponds in the study area (more than 3000) favours dispersal of macroinvertebrates
among water bodies, a very important requirement to complete their life histories and
survive during summer, explaining the nested pond network.
Key words: macroinvertebrate assemblages, temporary ponds, environmental conditions, nestedness, dispersal, life cycles.
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Ehemeral pools of eastern Wales: ecology and conservation
Brandsen, A. and Slater, F. M.

School of Biosciences, Cardiff University, UK

Mediterranean Temporary Pools per se occur in Britain only in the far southwest
of England. There is however, a strong similarity between these waterbodies and
the ephemeral ponds well known from the New Forest area of southern England
as they contain species such as Chirocephalus diaphanus, Triops cancriformis and
Pilularia globulifera. In recent years another series of very similar ephemeral ponds
has been described from the upland, unimproved commons of eastern Wales
where again Chirocephalus diaphanus and Pilularia globulifera occur. Such ponds
now have Priority Habitat status within the UK. In this part of Wales summer
evaporation exceeds precipitation and unlike wetter hills a few kilometres to the
west, there is little or no peat development and these shallow ponds occur on circum-neutral substrates. The hills are grazed by ponies and sheep and the marginal poaching favours Pilularia and the herbivorous dung is necessary in small
quantities for the success of Chirocephalus. The vegetation of these pools forms a
previously undescribed association of the Pilularietum globuliferae although
ponds with a longer hydro period show a spectrum of flora from epemeral to permanent water bodies.
Our studies are initially designed to define and quantify this pond resource
particularly in terms of how the flora, fauna and water chemistry change with season and to what extent biodiversity is vectored between ponds. These studies will
lead on to crucial questions about the future conservation status of these ponds related to agricultural policy influencing stocking regimes; possible pollution by
chemicals used to control stock parasites; changing recreational use of the uplands, as well as the uncertainties of climatic change.
Keywords: ephemeral ponds, Chirocephalus diaphanus, Pilularia globulifera, Wales.
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Alien flora in temporary ponds of Sardinia: preliminary data on invasive
species and threatened habitats
Mascia, F., Podda, L. and Bacchetta, G.

Centro Conservazione Biodiversità (CCB), Dipartimento di Scienze Botaniche, Università degli
Studi di Cagliari

In the frame of the study carried out in Sardinia on vascular alien flora and related
threatened habitats, particular attention has been paid to the analysis of wetland
alien species, especially concerning temporary freshwater habitats.
From 2000 to 2009, 50 Sardinian sites were monitored to check for presence of
alien species and the risk threatening the autochthonous flora and communities.
A checklist of alien species has been defined through field observations and supported by the consultation of bibliographic and herbarium material. A priority list
of invasive species has been elaborated by the analysis of the status, number of
humid habitats occupied, frequency, reproductive strategy, and ecological range.
Altogether, 28 alien species have been identified (19 therophytes, 6 geophytes and
3 hemicryptophytes): among them, 20 taxa (71%) are neophytes, 8 species (29%)
are archeophytes. 10 species (36%) are invasive, 16 (57%) naturalized and 2 (7%)
casual. This component represents 6% of Sardinian wetlands alien flora, and 28,8%
of Sardinian wetlands aliens flora. The 5 most invasive species are: Paspalum distichum L., Arundo donax L., Melilotus siculus (Turra) Steud, Symphyotrichum squamatum (Spreng.) G.L. Nesom and Cotula coronopifolia L.
The impact of these species particularly affects the therophytic communities referred to Isoetetalia and Nanocyperetalia orders of the habitats 3130, unit 22.32 “Oligotrophic to mesotrophic standing waters with vegetation of Isoeto-Nanojuncetea” and
3170 “Mediterranean temporary ponds” of Habitat Directive 92/43/CEE, often causing a rapid and potential irreversible perturbation of these systems.
In Sardinia, wetlands prove to be particularly susceptible to alien species invasion, and temporary freshwater habitats would certainly be severely compromised.
For this reason, further focused research on the most invasive species like Paspalum distichum, Arundo donax and Melilotus siculus is in progress, and critical
analysis of their impact on flora and communities is necessary in order to evaluate their susceptibility and to formulate adequate control or eradication strategies.
Keywords: temporary ponds, Sardinia, alien flora
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Evolution of amphibian community in recently created temporary ponds
in a Mediterranean region
San Sebastián Mendoza, O.(1) (2), Llorente, G. A.(1), Ritcher-Boix, Á.(1),
Franch, M.(1)(2) and Montori, A.(1)

1 Departamento de Biología Animal, Universidad de Barcelona, Av. Diagonal 645. 08028
Barcelona.
2 Observatorio de Herpetología. Departamento de Vertebrados. S. C. Aranzadi Z.E. Zorroaga
gaina 11. 20014 Donostia-San Sebastián.

Habitat modification and wetland loss are the main causes of amphibian decline.
Loss and fragmentation of original habitat have affected 88% of threatened populations. Creation and restoration of temporary wetlands has been suggested as a
proper management measure in the conservation of amphibians. However, few
quantitative studies have evaluated its effectiveness in the Mediterranean region.
In 2007, we started a monitoring program in 9 ponds (3 newly created, 1 restored
and 5 consolidated ponds) in Girona (NE Iberian Peninsula), with the aim of
studying population and demographic dynamics of the amphibian assemblage.
We installed drift fences around the newly created and restored ponds, captured amphibians by pitfalls, and marked and recaptured by toe-clipping. This
study was complemented with larval sampling to estimate species richness and
abundance in each pond. This methodology has allowed for comparison of interspecific differences in colonization abilities, evolution of population structure of
species, and consideration of productivity of new ponds along their maturation
process. New ponds showed a high species richness although biased towards opportunistic and well-colonizing species like Bufo calamita and Discoglossus pictus.
In restored and consolidated ponds, larval richness and diversity increased. More
water-dependent species like Hyla meridionalis or Pelophylax perezi predominated
in these ponds. New pond productivity was calculated from recruitment and
showed a very high value (3.1653 g/m2/día). Hence, pond creation seems to be an
adequate conservation measure for biodiversity.
Keywords: pond creation, amphibian community, effectiveness, conservation
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Restoration of Mediterranean temporary ponds in Minorca
Mascaró, J., Cardona, E., Estaún, I., Juaneda, J.,
Canals, A. , Torres, E. and Fraga, P.

Projecte LIFE BASSES, Consell Insular de Menorca, Maó, Spain

Despite their vulnerability to threats and alterations, some habitats have the ability to respond quite quickly to restoration work. Usually, they have an intrinsic
dynamism even on a short time scale. Mediterranean temporary ponds fit rather
well into this group because quite often they are small in size, shallow, and undervalued by landowners. Temporary ponds in Minorca have long been used by
man as a natural freshwater resource for cattle. Thus, this habitat was seen as a
positive element on managed land. Many temporary ponds are closed in or divided by dry stone walls to regulate the access of the cattle as a sign of their useful function. But this situation has changed dramatically in recent years. A
progressive replacement of traditional agricultural practices by new ones, more
dependent on artificial water resources and machinery, led to a loss of practical interest in temporary ponds. As a consequence, the lack of active management is
causing a progressive deterioration of many ponds from the destruction of dry
stone walls, invasion by woody vegetation, or invasive alien plants. These threats
can cause the drying out or the heavy degradation of a pond in few years.
With the aim to stop the progressive deterioration, several restoration actions
have been developed within the LIFE BASSES project (LIFE05/NAT/ES/000058).
Their goal is not only an integral restoration of the pond, but also to be an example to show that this habitat is still useful and to reveal its ecological significance.
Actions carried out to this end include dry stone walls reconstruction or the
construction of new ones, clearing woody vegetation, blocking drainage drenches,
or the eradication of invasive species. During the project, as many as ten ponds
have benefited from these works, which have resulted in more than 500m of restored walls and over 2,000 m2 of woody vegetation and invasive species being
cleared.
Keywords: habitat restoration, social awareness, threats, human uses, traditional
practices
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Conservation of temporary ponds within the natura 2000 network:
results of the project life-amphibians
Sancho, V.(1) and Lacomba, I.(2)

1 Conselleria de Medio Ambiente, Agua, Urbanismo y Vivienda. CRF La Granja del Saler. Av. Los
Pinares 106. 46012 El Saler (Valencia, Spain).
2 Conselleria de Medio Ambiente, Agua, Urbanismo y Vivienda. c/ Gregorio Gea, 27 (Edif. PROP
1). 46009 Valencia, Spain.

Small inland water bodies in the Valencia Region have been disappearing over recent decades due mainly to the abandonment of traditional land uses. But these
habitats continue to be crucial for the conservation of amphibians and a high diversity of plants and invertebrates, especially in a water scarce region. Also,
Mediterranean temporary ponds are priority habitats according to the Habitats
Directive, and in order to avoid their loss, the LIFE project “Restoration of Priority Habitats for the Amphibians” (LIFE05 NAT/E/000060) was planned and developed in the Valencian Community.
The targets of the project are: 1) to create a network of 55 water bodies inside
the Natura 2000 Network, 2) to ensure their conservation through the elimination of negative impacts and creation of legal protection, and 3) to develop a management methodology for different aquatic habitats.
Hence, actions developed in the project have been: 1) Establishment of 22 of
fauna reserves for amphibians and aquatic habitats, 2) subsidies to 22 owners for
the restoration of water bodies, 3) restoration of 79 water points in 15 areas of the
Network Nature 2000, 4) development of a handbook for pond restoration, 5) development of studies on limnology, vegetation and amphibian populations of the
sites, 6) development of an environmental education campaign, 7) participation in
several international meetings and symposiums, 8) organization of the 3rd European Pond Conservation Network Workshop. In addition to these results, the future plans for the project are also exhibited here.
Keywords: amphibians, temporary ponds, Natura 2000 Network, conservation, Life
project
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Pollen record of local hydrophytic vegetation in a Mediterranean temporary
POND (western Morocco)
Amami, B.(1)(2), Muller, S.D.(1), Rhazi, L.(2), Grillas, P.(3), Rhazi, M.(4) and
Bouahim, S.(1)(2)

1 Institute of Sciences of Evolution of Montpellier, University of Montpellier-2 - CNRS, France
2 Hassan II University, Faculty of Sciences, Aïn Chock, Casablanca, Morocco
3 Station biologique de la Tour du Valat, Arles, France
4 Moulay Ismail University, Faculty of Sciences and Techniques, Errachidia, Morocco

On the Mediterranean scale, Morocco is characterised by a great richness in
temporary ponds, which harbour a rich cortege of rare and endangered plant
species. Conservation of these plant communities should be based on the understanding of their past dynamics, that remain however difficult to apprehend
because of conditions a priori unfavourable for pollen preservation. Nevertheless, preliminary investigations carried on surface sediments of acidic temporary ponds showed rich pollen assemblages, likely to allow vegetation
reconstruction. The knowledge of modern relationships between pollen and
vegetation is, however, necessary for interpreting fossil data in terms of past vegetation. The surface pollen record and modern vegetation of a temporary pond
(Benslimane forest, western Morocco) were compared with the aim of evaluating the pollen dispersion of hydrophytes. Floristic surveys were carried out for
12 years (1996-2008) along two crossed permanent transects. A set of 21 sediment samples, taken along the same transects in 2007, were analysed for pollen.
The spatial relationship between vegetation and pollen assemblages was explored
by means of multivariate analysis, associated with statistical tests such as similarity and correlation analyses.
Preliminary results suggest a vegetation structure in belts along the topographical gradient, with a dominance of terrestrial species in the external belt, of
amphibious species in the intermediate belt and hydrophytes in the central belt.
The modern pollen adequately records the vegetation of the different belts. At the
edge of the pool, terrestrial species are recorded with localized and weakly-dispersed species, such as Elatine brochonii and Pilularia minuta. Amphibious taxa
such as Alisma-type, Illecebrum/Paronychia, Cyperaceae and Isoetes velata-type
are mainly recorded in the intermediate belt. Finally, the over-represented Myriophyllum alterniflorum and Ranunculus-type dominate pollen assemblages of the
central belt. Good correlation between vegetation and pollen suggests a high potential of pollen for reconstructing past vegetation structures and dynamics of
427
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freshwater temporary ponds.
This project is supported by the Egide-CMIFM program (PHC Volubilis
MA/07/172)
Keywords: Mediterranean wetland, North Africa, palynology, dispersal, plant zonation
Temporary pool in cork oak forest of Mamora, (near Rabat-Morocco, photo Laila Rhazi).
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Majen Chitane, a threatened acidic lake in Tunisia
Daoud-Bouattour, A.(1)(2), Muller, S.D.(3), Ferchichi-Ben Jamaa, H.(1)(2)(3), GhrabiGammar, Z.(2)(4), Rhazi, L.(5), Gammar, A.M. and Ben Saad-Limam, S.(1)(2)
(2)

1 Faculté des Sciences de Tunis, Université de Tunis El Manar, Tunisie
2 Unité de Recherche Biogéographie, Climatologie Appliquée et Dynamique Erosive, Faculté des
Lettres, des Arts et des Humanités de Manouba, Université de la Manouba, Tunisie
3 Institut des Sciences de l’Evolution de Montpellier, Université Montpellier-2 - CNRS, France
4 Banque Nationale de Gènes, Tunisie
5 Université Hassan II Aïn Chock, Faculté des Sciences, Maroc

Majen Chitane is a small, semi-permanent, soft-water, acidic lake located in NW
Tunisia (Mogods Hills), at 150m above sea level on the northern slope of Jbel Chitane, surrounded by a scrub-forest formation of cork oak. It is fed by rainwater
and two small springs that trickle down through an adjacent cultivated peatland.
Majen Chitane appears to be a refuge for a rich biodiversity, harbouring species not
at all or rarely found elsewhere in North Africa. However, despite its status as a Nature Reserve since 1993 and Ramsar site since 2007, the lake presents major degradation, including the probable disappearance of a wide belt of Isoetes velata still
observed in 1997-1999. With the aim of specifying the site history and the causes
of its degradation, we present here a review of the available literature, associated
with several aerial photographs from 1948 to present day. This data suggests that
the peatland cultivation would have disturbed both chemical and hydrological
balance of the lake.
This phenomenon probably resulted in strong degradation of the ecosystem
and loss of biodiversity. Awaiting further studies, Majen Chitane should be completely preserved, notably through the immediate stopping of the peatland cultivation. Financial support was provided by the Egide-CMCU program (PHC
Utique 07G0908).
Keywords: conservation, Mediterranean wetland, human impact, biodiversity, disappearance of Isoetes velata
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Proposition of a methodology for the identification of important areas
for ponds (IAP) in Europe
Minssieux, E.(1), Reaymond, A-S.(1), Nicolet, P.(2)(3), Oertli, B.(1)(2)

1 epia, University of Applied Sciences of Western Switzerland, CH- 1254 Jussy/Geneva,
Switzerland
2 EPCN (European Pond Conservation Network)
3 Pond Conservation, Oxford, United Kingdom

In order to promote pond conservation in Europe, we need to have a good knowledge about their value and their distribution patterns. To do this, the European
Pond Conservation Network (EPCN) has developed a program for the identification of Important Areas for Ponds (“IAP”) as part of a larger program for pond
conservation in Europe and the Mediterranean region (the « Pro Pond » project
supported by the MAVA foundation). An IAP is defined as a region with a single
ponds or pond networks with a high biological, social or economic quality that requires priority conservation actions.
We developed a methodology for the identification of IAPs which that is independent of national boundaries to minimise differences between regions, and
which leaves the final choice of IAPs to local stakeholders. The methodology relies on five steps, each with one selection criterion. At each step, if the criterion is
fulfilled, the area is classed as a potential IAP. To begin, existing pond inventories
(e.g. maps, satellite images) are identified and analysed using Geographic Information Systems to highlight regions with a high pond density. The second and
third steps involve collating data to identifiyed High Quality Ponds (HQP), which
are those waterbodies supporting either (i) species of high conservation value (for
the Alps e.g. Salamandra lanzai or Aeshna subartica) or (ii) important habitats according to international legislation (for the Alps e.g. natural eutrophic lakes with
Magnopotamion or Hydrocharition-type vegetation). The pond’s cultural, historical, or economical interests are the fourth selection criteria. Finally the last step requires the validation of proposed IAPs through local expert knowledge.
Some examples of the selection process are presented for ponds in the Alpine
region. The methodology for the identification of IAPs can be implemented elsewhere, for example in the Mediterranean region.
Keywords: Alps, ponds, conservation, IAP
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Effect of soil physical disturbance and hydrology on plant communities
in Mediterranean temporary pools (western Morocco)
Sahib, N.(1), Rhazi, L.(1), Grillas, P.(2) and Rhazi, M.(3)

1 Laboratoire d´Ecologie Aquatique et Environnement, Université Hassan II, Faculté des
Sciences, Aïn Chock, BP 5366 Maarif, Casablanca, Morocco.
2 Station Biologique de la Tour du Valat, Le Sambuc, 13200 Arles, France.
3 Université Moulay Ismail, Faculté des Sciences et Techniques d´Errachidia, Départament de
Biologie, BP 509 Boutalamine, Errachidia, Morocco.

In temporary pools, disturbances and hydrology could have an effect on the biomass, species composition and community richness of vegetation. Disturbances
often open spaces that can be randomly colonized by new individuals. The addition of seeds in temporary pools induces competition and therefore changes the
community structure.
In order to test these hypotheses, an experimental study was conducted with 72
soil samples, placed in containers, from one selected temporary pool located in
western Morocco.
Three combined treatments were applied: physical disturbance to the soil (Control/Disturbed), hydrology (Flooded, Wet, Dry) and the addition of seeds (Sowing/No sowing).
Total biomass, the annual and perennial species richness were calculated for
each sample. The effects of hydrology, soil disturbance and sowing on the biomass
and species richness of plant communities were tested.
The results revealed that total biomass decreased significantly with soil disturbance, particularly the biomass of perennial species. Although, no significant increase in the annual species richness was detected. Sowing had no effect on total
biomass but caused a reduction on the total species richness when the soil was
wet, which correspond to high biomass production. The extreme stress conditions
(flooded and dry) limited the abundance of species and therefore the competition.
Keywords: temporary pools, biomass, richness, disturbance, competition, Morocco
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Role of remote sensing and the GIS in the inventory and the conservation of
temporary ponds of the province of Settat (Western Morocco)
Saber, E.(1), Rhazi, L.(2), Rhazi, M.(3), Grillas, P.(4) and Ballais, JL.(1)

1 CEGA-UMR «ESPACE» and University of Provence, France.
2 Hassan II University, Faculty of Sciences, Aïn Chock, Casablanca, Morocco
3 Moulay Ismail University, Faculty of Sciences and Techniques, Errachidia, Morocco
4 Station Biologique de la Tour du Valat, Arles, France

Located at the center of Chaouia in Western Morocco, Settat is one of the richest
provinces in temporary ponds (dayas). These ecosystems of high ecological and
economic interest are unfortunately the subject of increased anthropic pressure
involving their reduction and even their disappearance. Indeed, Settat province is
particularly representative of the agricultural transformations during 20th century
in Morocco. The conquest of new arable lands was very significant, thanks to the
development of mechanization and hydro-agricultural installations (dams, motordriven pumps, etc). At the beginning of the 90´s, this province met a very strong
industrial calling.
In order to inventory and to follow the spatio-temporal dynamics of the temporary ponds in Settat province, two Landsat satellite images to 30m of resolution, acquired on January, 1987 and on January, 2001 were selected. The results of
the image processing and the integration of the data with the geographical information systems showed a great transformation of this ecosystem, which results in
a reduction in the quantity and surface area of the ponds. These results are discussed in the perspective of management and conservation of these ecosystems.
Keywords: temporary ponds, Settat province, remote sensing, GIS
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Ecological restoration of rare species of Mediterranean temporary pools:
case of the populations of Isoetes setacea
Rhazi, M.(1), Grillas, P.(2), Médail, F.(3) and Rhazi, L.(4)

1 Moulay Ismail University, Faculty of Sciences and Techniques, Errachidia, Morocco
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3 Paul Cézanne University-IMEP, Aix-Marseille III. France
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The success of the restoration of populations of Isoetes setacea, a rare and protected species in France, has been assessed in 6 temporary pools in the South of
the country. These pools were invaded by shrubs (Ulmus minor and Fraxinus angustifolia) after exclusion of grazing for 50 years, resulting in the regression of the
population of I. setacea. In each pool, 2 experimental zones were delineated: a control zone and a cleared zone (cutting and removal of the shrubs and litter). Both
zones were monitored for 1 year for assessing initial conditions. The vegetation was
monitored for 3 years after the clearing of shrubs. The clearing of the shrubs and
removal of the litter led to an increase in the populations of I. setacea in only 3
pools. This partial success obtained in half of the pools highlighted the important
role of 3 factors: the spore-bank, the characteristics of the populations at the start
of the experiment, and the increase of light availability after clearing the shrubs.
In the other 3 pools the shrubs colonized the peripheral parts of the pools, unfavourable to Isoetes setacea.
Shrub clearing and removal of litter was efficient for restoring populations of
I. setacea; on longer term the reintroduction of domestic grazing could substitute
mechanical clearing of shrubs.
Keywords: temporary pools, France, Isoetes setacea, grazing, colonization, restoration
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Inventory and mapping of temporary pools in Mallorca: first steps for their
conservation
Muntaner, J.,(1) Moragues, E., Ramos, I. and Mayol, J.

1 Conselleria de Medi Ambient, Govern de les Illes Balears, Spain

The Regional Government of the Balearic Islands started to inventory temporary
ponds in the late 90’s, with this project still in progress in 2009. Temporary ponds
are not rare on the island of Mallorca, but the municipality of Llucmajor, in the
south, has the greatest density of ponds. The Llucamajor platform is a large flat surface raised over sea level. The climate is dry Mediterranean with a peak rainfall of
300 to 400 mm in autumn and spring, and severe draughts in summer. The top
layer of 1cm of the platform is a Quaternary hardened deposit of calcium carbonate that is known as caliche. This thin crust has been the key factor in the formation of small temporary ponds.
During the first years of the inventory, the information came from local toponymy, interviews with landowners and prospecting the whole area on foot. More
recent information has been obtained by aerial surveys using a helicopter and the
study of satellite imagery available on the Web. The localisation and biological
characteristics are recorded in a catalogue, which now has information on 195
temporary ponds, including some that have been modified. These small wetlands
are vital for the local fauna and flora, which include species that are listed in the
Habitat Directive: the fern Marsilea strigosa and the European green toad Bufo
viridis.
The quality of the ponds has deteriorated in recent years; landowners do not realise the importance of these areas. For the future, the Regional Government is
preparing agreements with local properties to guarantee the protection of temporary ponds.
Keywords: small temporary ponds, inventory, Mallorca, Balearic Islands, Spain
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Ecological assessment of highly heterogeneous systems:
the importance of habitat and taxonomic sufficiency
Trigal, C.(1), Garcia-Criado, F.(2) and Fernandez-Alaez, C.(2)

1 Department of Aquatic Sciences and Assessment, Swedish University of Agricultural Sciences
Uppsala, Sweden
2 Universidad de Leon, Leon, Spain

Habitat heterogeneity provides varying niches for organisms increasing diversity.
On the other hand, the inherent spatial variability of structurally complex systems
may overlap with ecological conditions making it difficult to disentangle the effects
of perturbation. In addition to habitat heterogeneity, taxonomic sufficiency, the
level of taxonomic resolution used in a study without losing significant information, has received much attention in assessment and conservation.
In this study we assess the effects of taxonomic resolution on the ecological assessment of 39 ponds located in northwest Spain. In addition, for 35 of the ponds,
we investigate the combined and single effects of habitat and pond condition on
the taxonomic structure of the macroinvertebrate assemblages.
Macroinvertebrate communities were sampled in the summer of 2003 or 2004.
Samples were collected from four dominant habitats (vegetated shores, shores
without vegetation, submerged vegetation, bare sediments), following a time limited sampling. NMDS and two–way crossed ANOSIM were used to investigate
the differences in macroinvertebrate assemblage structure among habitats and
pond conditions (optimal, good, moderate, poor, bad). For the diversity measures
(total richness, rarefied richness, Pielou’s evenness, Shannon-Wiener and Simpson’s index), GLM models were used. The accuracy of a stratified and a multihabitat sampling was compared using the CVs of the five diversity measures. Mann
Whitney U test and discrimination efficiency were used to assess the ability of the
diversity measures in discriminating between acceptable (optimal and good) and
unacceptable (moderate, poor and bad) conditions at the i) family, ii) family plus
subfamilies of benthic midges and iii) genus-level.
Macroinvertebrate communities differed significantly, albeit weakly, among
habitats and pond conditions. In particular, Chironomidae abundance, rarefied
richness and Shannon index decreased in both perturbed systems and bare sediments. No differences occurred between the stratified and the multihabitat approach. For the taxonomic sufficiency, the diversity measures discriminated
significantly between acceptable and unacceptable conditions at the genus or the
subfamily level. Dealing with families may lead to misclassification of ponds as
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they usually include taxa with differing sensitivity to perturbation.
Keywords: habitat heterogeneity, Mediterranean ponds, macroinvertebrates, taxonomic resolution, stratified sampling, multihabitat sampling
Callitriche stagnalis (photo Josep Mascaró)
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Management plans for the Mediterranean temporary ponds of Minorca.
Estaún, I., Cardona, E., Canals, A., Mascaró, J.,
Torres, E., Juaneda, J. and Fraga, P.

Projecte LIFE BASSES, Consell Insular de Menorca, Maó, Spain

Quite often the work involved in species or habitat restoration or recuperation
doesn’t get any results until several years after the project is completed. In many
cases this means that their objectives are not fully accomplished within the duration of the project, thus some kind of monitoring or continuation of the actions beyond its scheduled finalisation is necessary. Management plans are the most
commonly used tool to assure that these objectives are accomplished in a longterm scope and also to make monitoring of results possible. Management plan
complexity is directly related to the biodiversity and ecology of the habitat.
Mediterranean temporary ponds are well known for their high rates of biodiversity and for their singularities in ecological processes and specialised life forms. In
consequence, the elaboration of any management plan aiming to offer an efficient
long-term conservation requires the participation of a scientific multidisciplinary
team, from specialised taxonomists to ecologists or hydrologists. Moreover, if the
temporary ponds to be managed belong to different types, then the work becomes
even more complex.
The LIFE BASSES project’s (LIFE05/NAT/ES/000058) main objective is the
long-term conservation of temporary ponds on the island. Besides the practical actions developed within the four years of project implementation, this objective
must persist after its finalisation. Thus a crucial action included in this project
was the elaboration of temporary ponds management plans. The elaboration of
the document uses information from three main sources: the description of the
main physical characteristics of each pond, specific studies of main biological
groups and an initial assessment of threats and conservation status.
The gathering and the analysis of this information allow us to determine what
needs and actions must be developed to assure that the conservation objectives
are persistent in the long term. This process is at the same time an important contribution to the knowledge and characterization of this habitat in the Mediterranean context. The next step after the elaboration of management plans is their
approval by the relevant authority and the inclusion of their schedule in the annual
budget and planning.
Keywords: management, characterization, threats, conservation status, biodiversity
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Landowners and habitat conservation: perceptions, information,
experiences and results.
Torres, E., Estaún, I., Cardona, E., Canals, A.,
Mascaró, J., Juaneda, J. and Fraga, P.

Projecte LIFE BASSES, Consell Insular de Menorca, Maó, Spain

Land property is an important issue in habitat and species conservation. The scientific and ecological importance is not always easy to assimilate by people who have
the land as their main source of economic income, or even just as a place for pleasure and resting. If the conservation values are difficult to appreciate by human eyes
or do not have an aesthetic appeal, then increasing awareness is even more difficult.
Temporary ponds, in most cases, are not a conspicuous habitat. At first glance
for many, they look like a small water body with short vegetation formed by very small
plants of difficult visual appreciation. Historical background or association with ancient
human activity can be of assistance in promoting change to this neutral perception. But
even so, the habitat is still seen from an anthropocentric point of view.
This was the situation at the beginning of the LIFE BASSES project. The main
ponds were well known for their landscape or aesthetic values. Few were also
known for their relation with important prehistoric sites. But their ecological importance and scientific value were completely unknown. Surprisingly, most
landowners had never even noticed the existence of a pond on their properties.
Facing this situation, the initial preparatory actions in the project were a series of
interviews and talks with landowners and farmers to understand their perception
about temporary ponds and know how they would feel about a proposal to develop restoration and conservation projects. A short explanatory document about
the main characteristics of the habitat and its importance was distributed. A common reaction was a positive surprise. After the relevant information was provided
regarding the high conservation values and fragility of this habitat, many landowners have collaborated with the project and many agreements have been signed to
involve the stakeholders in the long-term pond conservation.
Keywords: management, private property, farmers, conservation status, agreements,
legal protection
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Inventory of Mediterranean temporary ponds in Minorca
Fraga, P., Torres, E., Estaún, I., Cardona, E., Canals, A., Mascaró, J.
and Juaneda, J.

Projecte LIFE BASSES, Consell Insular de Menorca, Maó, Spain

The existence of Mediterranean temporary ponds in Minorca has been well known
since ancient times. Some of them seem to be used as water reservoirs by early
human settlers. In fact, some of the most important ones show clear signs of having been improved or hand worked in order to increase the efficiency of this function. Despite this clear relationship with human activity and thus historical and
archaeological values, there was no complete inventory of this habitat, nor any assessment regarding its conservation status.
The elaboration of the LIFE BASSES proposal involved a first attempt to take
inventory of this habitat in the island as well as to determine which were a priority for conservation. This initial work showed evidence that the representation of
this habitat was much more important than first thought. Thus the inventory of all
the temporary ponds was included as a preparatory action in order determine the
real number, distribution, diversity and how congruent the ponds network was
with the Natura 2000 network in the island.
Now the island’s catalogue of temporary ponds includes over 70 records. Their
distribution is not homogenous throughout the island, since there is a higher concentration in the western half and in the north-eastern coastal belt. The results
also confirm their diversity in regards to geology and geomorphology. The most
common type are small rock pools on limestone outcrops, but the high number of
ponds on sandstone is also noteworthy. These contain plant communities of high
interest, and those on deep sandy soils, which are more prone to the presence of
large branchiopods. The additional data collected during this work also reveals
that there is still some kind of positive appreciation of this habitat among farmers,
mainly as a source of biodiversity and of natural pests predators.
All this information reveals that field exploration and consultation of local sources
(like farmers and landowners) is still necessary for efficient management of biodiversity.
Key words: inventory, classification, conservation status, management, farmers, legal
protection
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Remote-sensing evidence of hydroperiod shortening in a system
of temporary ponds
Gómez-Rodríguez, C.(1), Bustamante, J.(1), and Díaz-Paniagua, C.(1)

1 Estación Biológica de Doñana, Sevilla, Spain

Conservation programs of temporary ponds should incorporate the monitoring of
seasonal changes in their distribution, extent and habitat characteristics relevant
to pond-breeding species (i.e. pond annual hydroperiod). In particular, they
should discriminate natural fluctuations from trends of habitat degradation. We
used medium spatial resolution remote-sensing data (Landsat TM and ETM+ imagery) to evaluate the seasonal variability in the flooding regime of a system of
small temporary ponds, many of them below pixel size, for a 23-year period. We
developed a binomial GLM from accurate positional data to obtain a map of the
fraction of water in each pond pixel for each Landsat image (174 images). With this
basis, we evaluated spatial differences in pond hydrologic behaviour and also conducted a trend analysis of annual rainfall, maximum flooded area, and pond annual hydroperiod during the entire study period. Although medium-resolution
remote sensing data has rarely been applied to understanding the hydrological dynamics of small-sized wetlands, this study evidences its utility in a system of
Mediterranean temporary ponds. Doñana temporary ponds appear to be a large
and heterogeneous temporary-pond system, both across time and space, being
this a highly relevant characteristic for biodiversity conservation. However, its
conservation value may be threatened since we have detected evidence of a generalized inter-annual tendency to shorter annual hydroperiods, but not to lower
flooded area or rainfall input. This fact suggests that hydroperiod shortening may
have a cause independent of the natural flooding regime of ponds, probably associated to aquifer over-exploitation. This system of temporary ponds deserves special attention for its high density and heterogeneity, not common in Europe. These
habitats allow for the conservation of a high number of species of flora and fauna,
many of them exclusive to non-permanent aquatic habitats. For this reason, management decisions to avoid their destruction or degradation are critical.
Keywords: remote sensing, annual hydroperiod, spatio-temporal variation, fluctuations, Landsat, Doñana National Park
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Management of ponds and lentic systems in “El Montseny” Natural Park
and Biosphere Reserve
Guinart, D.(1), Amat, F.(2) and Solórzano, S. (1)

1 Natural Parks Technical Office, Barcelona Provincial Council,
2 Granollers Museum

The management of El Montseny Natural Park and Biosphere Reserve (PN-MaB
MSY) is drawing up a Conservation Plan for the whole natural space with the aim
of establishing a number of conservation objectives, an action plan that will enable
these objectives to be attained, and a monitoring and evaluation programme for
the activities carried out. At present (2008-2009), the second phase of this Plan is
being put in place. It consists of compiling all of the information generated since
1992, the year that the Ecological Parameter Monitoring Scheme was launched.
This information will be entered in a database that will allow it to be used in a
geographic information system (GIS). Once the information has been centralised,
a diagnosis will be made in 2010 of the state of conservation of the park’s natural
heritage and the Conservation Plan will be drawn up. This plan will define the
conservation objectives for the PN-MaB MSY, the priority and most vulnerable
species, and the critical management areas.
One of the programmes included in the Conservation Plan is the evaluation of
amphibian populations and the state of their habitat. This programme encompasses various lines of work.
- Since 2003, the systematic monitoring of representative lentic environments
has been in place, which has enabled us to increase our knowledge of the richness
of species to be found in the park (four types of salamanders and eight types of
frogs), their relative abundance, and their evolution over time.
- In 2006, the systematic monitoring of the upper parts of torrents began, which
enabled us to identify a new species, Calotriton arnoldi, determine its ecology, and
draw up a first draft of the Conservation Plan for this species, endemic to El
Montseny.
- In 2008, the first catalogue of ponds and lentic systems in the park was drawn
up. Two hundred and four water points that are of interest due to their amphibian population were catalogued and divided into 13 types. Throughout 2009, these
areas will be assessed according to their natural interest.
- In 2009, several ponds will be adapted for amphibians, with the provision of
drinking troughs for livestock and the modification of old water catchment points
on the torrents.
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- This year a training course will also be provided for park rangers so that these
staff members can take responsibility for monitoring the aquatic environment,
both of phreatic and surface water, as well as of lentic systems.
All this is providing us with the knowledge and experience to allow us to embark on the diagnosis of the state of conservation of the amphibians in the PNMaB MSY next year, in 2010. This will also allow us to propose a concrete plan of
action for this taxonomic group, whose aim will be to maintain the diversity of
amphibians in the park, ensure the conservation of the most vulnerable species,
improve aquatic habitats, and consolidate the monitoring and evaluation programme of the amphibian population.
Keywords: amphibians, pond management, conservation, monitoring
Calotriton arnoldi
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Faunal reserves: a strategy for the protection of small water bodies
in Valencia (Spain)
Lacomba, I.(1) and Sancho, V.(2)

1 Conselleria de Medio Ambiente, Agua, Urbanismo y Vivienda. c/ Gregorio Gea, 27 (Edif.
PROP 1). 46009 Valencia, Spain.
2 Conselleria de Medio Ambiente, Agua, Urbanismo y Vivienda. CRF La Granja del Saler. Av.
Los Pinares 106. 46012 El Saler (Valencia, Spain).

Threatened fauna of the Valencia Region has its legal framework within the Decree 32/2004 from the Regional Government; it creates the Valencian Catalogue
of Threatened Species of Fauna and establishes categories and rules for their protection. This Decree incorporates the figure of Wild Fauna Reserve for the protection of sites of relatively small extension that, holding exceptional populations
of species of wild fauna, or lodging temporarily critical phases for their survival,
or being object of continued research, need to be provided with a status of specific
protection. It has a successful background in the creation in 1994 of an analogous
figure for the protection of endangered flora.
Faunal Reserves can be of public property -with the previous agreement of the
managing institution-, or of private property –with the previous request of the owner.
Its declaration implies the establishment of a protection normative including measures of conservation and the uses and activities under authorisation regime.
This legal protection figure has been very helpful for the conservation and improvement of populations of threatened species located in small aquatic sites. In
fact, 29 faunal reserves have been declared up to now, 22 of them corresponding
to water bodies, mainly small ponds or rafts but also lagoons, marshes and fluvial
stretches. Another goal of the LIFE project is the Restoration of Priority Habitats
for Amphibians (LIFE05/NAT/E/000060) as well as aiming to establish of a network of protected water bodies under the figure of Amphibian Reserve. Herein,
several cases of these protected water bodies are shown.
Keywords: faunal reserve, water bodies, amphibians, legal protection, LIFE project
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Mediterranean temporary ponds of Minorca in the Natura 2000 Network
Canals, A., Cardona, E., Allés, M., Mascaró, J., Torres, E.
and Fraga, P.
Projecte LIFE BASSES, Consell Insular de Menorca, Maó, Spain
The main objective of the Habitats Directive of the European Union is to preserve
biodiversity through habitat and species protection. To achieve this target, this
legal framework promotes a network of protected areas (SCI - Sites of Community
Interest) known as Natura 2000. These areas must be representative of the biodiversity of Europe, both in quantity and quality. As a guide to establish SIC areas the
Directive includes annexes with habitats and species worth protection due to their
scientific and ecological interest. In the Habitats Directive, Mediterranean temporary ponds are classified as a priority habitat for conservation. Thus, in the
Natura 2000 Network frame they should be considered as places to be designated
as SCI to assure integral protection. The island of Minorca has an outstanding
richness of this habitat, both in their quantity and diversity of types. The results
from the inventory work as part of the LIFE BASSES project
(LIFE05/NAT/ES/000058) have shown that this habitat is even more widespread
on the island than presumed before. In addition, a significant number of newly detected ponds are located outside protected areas. This situation argued for a revision of the Natura 2000 Network areas designated on the island. Due to the large
number of ponds recorded, a selection has been made in order to establish which
ones have higher ecological and scientific interest. Main criteria used for this selection were: presence of threatened or endemic species, isolation from other
ponds, and ethnological value. From this process, a group of 40 ponds that must
be considered a primary concern for the future enlargement of the areas designated as SCI has been discovered. Moreover, the protection of these sites will consolidate a network of protected areas across the island, being a guarantee that a
representative set of habitats and species of the island biodiversity become protected through legal tools.
Keywords: Natura 2000, temporary ponds, legal frame, Habitats Directive, conservation, management
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Perception of vernal pools by the local population in western Morocco and
an analysis of their vulnerability
Bouahim, S. (1)(6), Rhazi, L.(1), Amami, B.(1)(6), Mathevet, R.(2), Ernoul, L.(3),
Saber, E.(4), Grillas, P.(3) and Khattabi, A.(5)

1 Hassan II University, Faculty of Sciences, Aïn Chock, Casablanca, Morocco
2 CEFE, UMR, Montpellier cedex 5, France
3 Station Biologique de la Tour du Valat, Arles, France
4 CEGA-UMR «ESPACE» and University of Provence, France
5 Forest National school of the Engineers, Salé, Morocco.
6 Institute of Sciences of Evolution of Montpellier, University of Montpellier-2 - CNRS, France

Vernal pools located in western Morocco are numerous and widely diverse in their
size, location and depth. Despite their variability, these habitats present common
features related to hydrological functioning during the annual cycle such as the
alternation of flood and drought phases.
The rural population in the province of Benslimane has diverse uses for the
pools. In some cases, vernal pools are grazed throughout the year and the outer
boundaries are usually cultivated. In other cases, they could also be used as a
source of water and represent a tremendous surface for recreation. Unfortunately,
the importance of these habitats by the local population is not well known and
often ignored. Previous studies carried out within the Benslimane region revealed
a large regression of vernal pools most likely due to a lack of knowledge regarding their functions and values by the local population.
In order to identify the numerous human land uses and evaluate the perception
of vernal pools by the local population and the stakeholders, socio-economic surveys and field visits were conducted. The vulnerability of pools to various human
land uses was determined using the “Gap Analysis” method and a map of “Levels
of vulnerability” was produced to support the decision-making process related to
the conservation of these natural habitats.The preliminary results showed that
71% of the local population supports the long-term preservation of Benslimane
vernal pools basically for their direct use values; conversely only 7% of this population is familiar with the indirect services provided by this ecosystem. The survey results suggest that most of the vernal pools present a high vulnerability with
risks of transformations and destruction over the short and medium-term.
This project is supported by the Egide-CMIFM program (PHC Volubilis MA/07/172)
Keywords: vernal pools, socio-economic survey, uses, vulnerability, Gap Analysis, Morocco
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LifeAnfibios: The evolution of its public awareness campaign
Pérez, B.(1), Sancho, V. (2), Almeida, O.(1), Díaz, E.(1), Moreno, L.(1) and
Martínez, F.J.(1)

1 ATSA Nerium S.L. - We Do Serveis Ambientals S.L. Valencia, Spain
2 Generalitat Valenciana, Conselleria de Medi Ambient, Aigua, Urbanisme i Habitatge. Valencia,
Spain

The Lifeanfibios project includes in its objectives the public awareness in relation
to the 8 Valencian species of amphibians and the importance of their habitats.
Hence, a public awareness campaign was designed to be aimed at two different
audiences in the project area: schoolchildren and the general population.
At he beginning of the campaign, the strategy was based on talks that would provide information about amphibians to people in project area. However, the poor
results made important changes necessary in order to adapt to capital objectives:
improve the number of attendees and maximize the efficiency and quality in the
transmission of key information and slogans.
Those changes were based on the introduction of some coordinated and diverse activities, promoting synergy between them at least at a local level. Some examples of these actions are field trips, photography competitions and programs on
local radio and television.
The quantitative impact was measured, obviously, by the number of attendees.
To measure the quality of these actions, surveys have been filled in by attendees
(at public activities) or by teachers (for schools). The information from these surveys has helped to progressively improve the strategy, adapting it to reality and
promoting its evolution as an effective campaign.
Some valid conclusions are:
The actions of the campaign must be coordinated and logically programmed:
an activity must promote interest in the next one.
The actions involving local radio and TV (programs, not simply advertisements) are very effective and promote attendance at other activities: it is important to begin the campaign at the local level with this kind of actions.
It is helpful to promote activities directed to people with similar interests (photography, hiking, etc.)
For schoolchildren, strategic actions aimed at parents and whole families are
very effective: children promote the interest of their parents.
Keywords: amphibians, awareness campaign, LIFE
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The travelling exhibition on the LIFE BASSES project as a tool for social awareness on the conservation of Mediterranean temporary ponds in Minorca
Cardona, E., Allés, M., Mascaró, J., Torres, E. and Fraga. P.
Projecte LIFE BASSES, Consell Insular de Menorca, Maó, Spain

Social awareness is a keystone in any initiative related to natural environment conservation that strives for long term positive results. The main objective of the LIFE
BASSES project (LIFE05/NAT/ES/000058) is the conservation and restoration of
Mediterranean temporary ponds on the island of Minorca. There is solid evidence
regarding the relationship between this habitat and human activity since prehistoric times. In fact, today farmers still indirectly manage most of the main temporary ponds on the island. Thus, besides practical actions like habitat restoration
and eradication of invasive species, an important set of actions is aimed to increase
the knowledge and awareness of the general public about this habitat. These actions, with a social scope, included a travelling exhibition. This exhibition provides both an educational tool for the general public about the importance of
Natura 2000 Network for biodiversity conservation and about the ecological importance of Minorca’s temporary ponds and the need to conserve them. To achieve
this objective, the exhibition was provided with several types of educational resources: explanatory panels on different issues (flora, fauna, ecology, etc.), a puzzle with the ecological cycle of the pond, a video showing the annual evolution of
a pond and an aquarium simulating the inundation phase of a pond. In addition,
guided tours for schools and associations were organised.
After more than one year of itinerancy through the main villages of the island,
it is now possible to balance the impact of this action on the social perception of
the importance of this habitat.
Keywords: social awareness, temporary ponds, Minorca, educational resources
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Publications of the Goverment of the Balearic Islands about temporary
ponds and their fauna and flora
Ramos, I. and Mayol, J.

Balearic Islands Government. Protected Species Service. Manuel Guasp, 10. 07006. Palma de
Mallorca. Spain

Publications are an essential tool to make society aware of the importance of natural heritage values and to provide a favorable social atmosphere for conservation. Thus, the Council of Environment of the Balearic Islands Government
generates publications of different levels of expertise with wide distribution, in
paper and electronic formats. TEMPORARY PONDS and their natural values are
present in these publications. Up to now, the following documents have been published:
- Temporary ponds. Quaderns de Natura 17. 2006. Balearic Islands Government.
1,500 copies. It was distributed to libraries, environmental policemen, public
schools, land owners, etc.
- BIOATLES Project. Bioatles is a GIS (Geographic Information System) that includes the distribution of living species in the Balearic Islands at a 1x1km scale. It
allows for obtaining maps and additional information about the entries. There are
more than 75,000 entries about 5,500 species. It is financed by the Balearic Islands
Government and was initiated in 1995. It has not been offered in open access yet..
Apart from this, every year a number of cards are published to show the general
public what Bioatles is. The publication is free and, at present, three editions have
been published, with 94 cards. Some of them deal with species that develop their
life cycle in temporary ponds:
Plants: Marsilea strigosa (1st edition, 2006)
Isoetes histrix (3rd edition, 2008)
Isoetes velata (3rd edition, 2008)
Pilularia minuta (3rd edition, 2008)
Animals:
Bufo balearicus (1st edition, 2006)
A specific card on Temporary ponds, as a habitat (in publication).These free publications can be requested via e-mail: iramos@dgcapea.caib.es. Moreover, all the published
maps can be viewed in the IDEIB web: http://mun.nexusgeografics.com/ideib/visor.html.
In recent years, work with the application has showed some aspects that could be improved. Hence, in 2009 a new version of the Bioatles Project: Bioatles 2.0., is expected
to be developed. Among other things, it will offer the possibility for public access
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thanks to a web page; and all the information will be stored in an Oracle data base,
much more efficient than the present one.
Keywords: Bioatles, publications, Balearic Islands Government
Marsilea strigosa
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