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Introduction to Mediterranean Temporary Ponds

Long Known But Neglected Until Recently

Temporary ponds have long attracted the attention of Mediterranean people. In
“History of Animals,” Aristotle described the seemingly spontaneous generation
of life from mud or sand using observations from a temporary pond (“fish” prob-
ably refers to the aquatic invertebrates, such as fairy shrimp, that he was
observing):

The great majority of fish, then, as has been stated, proceed from eggs. However, there are
some fish that proceed from mud and sand, even of those kinds that proceed also from pair-
ing and the egg. This occurs in ponds here and there, and especially in a pond in the neigh-
bourhood of Cnidos. This pond, it is said, at one time ran dry about the rising of the
Dogstar, and the mud had all dried up; at the first fall of the rains there was a show of water
in the pond, and on the first appearance of the water shoals of tiny fish were found in the
pond. [Aristotle (350 BC) Book VI. Chapter 15. In: The History of Animals (translated in
1907 by D’ Arcy Wentworth Thompson. London: John Bell)]

The lack of scientific publications on Mediterranean temporary ponds does not
reflect their ecological importance (Grillas et al. 2010), and research in these envi-
ronments has increased significantly over the last two decades (Boix et al. 2012).
The absence of comparative studies on aquatic ecosystems in regions with a
Mediterranean-type climate has been reported (Gasith and Resh 1999) and par-
tially addressed for Mediterranean-climate streams and rivers (Bonada and Resh
2013). However, studies have emphasized the importance, abundance, function-
ing, and biodiversity of Mediterranean temporary ponds in the last several decades
(e.g., Balla and Davis 1995; Witham 1998; Diget and Rioux 1998; Blaustein and
Schwartz 2001), highlighting the need to develop conservation plans for these
systems (Zedler 2003; Grillas et al. 2004; Fraga et al. 2010; Sancho and Lacomba
2010).
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Mediterranean Biome: The Five Mediterranean Regions

The term “Mediterranean” as a biome is not recognized in the same way as other
biomes (e.g., boreal forest, desert, or savannah). Although it is named for a particu-
lar geographic region, the term is used to designate regions with a similar climate
around the world. Mediterranean climates are typically located in a narrow latitudi-
nal band between 30° and 40°, although in the Mediterranean basin itself the biome
expands to 45° (Bolle 2003). This habitat is located on five continents (Eurasia,
Africa, South and North America, and Australia), and thus five biogeographic
regions (Palearctic, Afrotropic, Neotropic, Nearctic, and Australasian) (Fig. 5.1).
The concept of a Mediterranean biome remains controversial (Stamou 1998)
because some define the habitat with a definite drought period, while others take
into account two features: dry summers and cool winters. However, biogeographic
studies have clearly identified Mediterranean forests, woodlands, and scrub, as well
as wetlands, since they share similar bioclimatic conditions.

The area covered by the Mediterranean biome is quite small compared to other
biomes (Olson et al. 2001). It covers only 5 % of the earth’s surface (Fig. 5.1), and
the subregions vary tremendously in size (Underwood et al. 2009). South and North
America and South Africa combined are small, roughly 100,000 km? each (11 % of
the Mediterranean area). The south-western Australian Mediterranean-climate
region covers more than 750,000 km? (25 % of this biome) divided into two separate
areas. However, the biome has its maximum extent (64 % of the total area covered
by this biome) around the Mediterranean Sea, from which it takes its name. The
Circum-Mediterranean region forms an incomplete belt around the Mediterranean
Sea (Fig. 5.1), with the maximum width of this belt located on the Iberian Peninsula.

Temporary water bodies predominate in Mediterranean regions because of their
typically long, hot, dry summers. Their widespread occurrence and abundance
therefore make temporary habitats the characteristic wetlands of this biome. In this
chapter, we use “Mediterranean temporary ponds” in a broad sense, including all
the temporary freshwater wetlands located in Mediterranean regions, and not
restricted by any legal definition. For example, the European Habitats Directive
(European Directive 92/43/CEE) considers “Mediterranean temporary ponds” a pri-
ority habitat to conserve, but the Directive defines this wetland type strictly by the
presence of particular plant species (European Commission 2003; Bagella et al.
2007). Curiously, this protected habitat is identified in the United Kingdom
(McAbendroth 2004), outside of the Mediterranean-climate region.

Climate: Hot Dry Summers and Mild Winters

Mediterranean climates are transitional between temperate and tropical climates,
hence their prevalence between 30° and 40° of latitude (Aschman 1973; Daget
1984). The climate can be summarized as follows:
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Fig. 5.1 World map showing the location of Mediterranean-climate regions. The sites indicated
on the map correspond to the ombrothermic diagrams shown in Fig. 5.2

1. Hot summers which coincide with the dry period
2. Mild, but cool winters
3. High temporal variability (i.e., high intra- and inter-annual differences)

These characteristics determine the hydrology and ecological functioning of
the wetlands. The combination of dry weather and high temperatures causes large
water-level fluctuations (Alvarez-Cobelas et al. 2005; Beklioglu et al. 2007) and
thereby regulates the presence of temporary waters in Mediterranean areas. The
mild winters mean that most Mediterranean wetlands remain ice-free (Britton and
Crivelli 1993). Freezing of wetlands affects both limnological processes (e.g.,
thermal or oxygen vertical gradients in the water column) and the availability of
habitat and resources for the biota. This particular combination of annual drying
and the absence of freezing typify Mediterranean wetlands and distinguish them
from wetlands in most other biomes. Moreover, high inter-annual climate vari-
ability is also characteristic of Mediterranean regions (Gasith and Resh 1999)
(Fig. 5.2).

Despite the narrow latitudinal range and small area of Mediterranean regions,
extreme gradients of aridity (i.e., duration of the dry period) and temperature
exist (Bolle 2003) (Fig. 5.2). Those gradients have been used to distinguish
various climate types and are used to classify Mediterranean climates (Stamou
1998):

1. Duration of the dry period

(a) Perarid: 11-12 months
(b) Arid: 9-10 months
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Fig. 5.2 Ombrothermic diagrams for eight locations in Mediterranean-climate regions. Upper
diagrams correspond to sites in the Mediterranean Basin and lower diagrams correspond to sites
located in other Mediterranean regions. Monthly mean maximum (red line) and minimum (blue
line) temperature, and monthly mean rainfall (bars) were shown. The high intra-annual variability
characteristic of mediterranean climates is evident, as well as variability among and within regions
(i.e., Mediterranean Basin)
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(¢) Semiarid: 7-8 months
(d) Subhumid: 5-6 months
(e) Humid: 3—4 months

(f) Perhumid: 1-2 months

2. Mean temperature of the coldest month

(a) Warm winter: more than 7 °C (no periods of freezing)
(b) Mild winter: between 3 and 7 °C (freezing is rare)

(c) Cold winter: between 0 and 3 °C (freezing is frequent)
(d) Severe winter: less than 0 °C (freezing may be extensive)

Division of Mediterranean climates into subclasses using a numerical approach
has been proposed by Nahal (1981). The use of Ebergers’ index of drought (Q) is
the most widely accepted approach:

2P
0= (M +m)(M —m)

where
P is annual rainfall
M the mean maximum temperature of the hottest month
m the mean minimum temperature of the coldest month
Thus, we can distinguish the following subclasses of Mediterranean climate:

—_

. Arid: Q values between 20 and 30; annual rainfall between 300 and 500 mm

2. Semiarid: Q values between 30 and 50; annual rainfall between 500 and
700 mm

3. Subhumid: Q values between 50 and 90; annual rainfall between 700 and
1000 mm

4. Humid: Q values more than 90; annual rainfall more than 1000 mm

Mediterranean regions are characterized by an annual precipitation in the range
of 275 to 900 mm with over 65% occurring in the 6 colder months (Aschman
1973). However, Mediterranean areas with annual rainfall less than 275 mm do
exist (e.g., in Morocco, Spain, and Israel). Two seasonal patterns of precipitation
have been described in Mediterranean regions: (1) a single rainfall maximum in
winter, and (2) two rainfall maxima, one in spring and the other in autumn. In those
Mediterranean regions with strong oceanic influences, winter rainfalls are heavy
due to storms moving from high latitudes towards the equator (e.g., southern
Australia). In contrast, in areas with less oceanic influence (e.g., coast of the western
Mediterranean basin), the storms are weaker, so winter rains are meagre, while
spring and autumn rains that are generated by cold air masses are more important to
hydrology (Ferrés 1993).
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Hydrology

Mediterranean temporary wetlands are usually flooded by rainfall and evaporation
is the primary mechanism of drying (Fig. 5.3a). However, there are exceptions.
Groundwater-fed temporary wetlands (Fig. 5.3b) are abundant in the southern
Australia (Sim et al. 2006a; Horwitz et al. 2009; Boulton et al. 2014) and the
African Cape (Mlambo et al. 2011; de Moor and Day 2013) Mediterranean regions,
and they are present in some areas of the Mediterranean basin (Rodriguez-Rodriguez
2007). Groundwater-fed temporary wetlands are also found in karstic limestone
areas (Boix et al. 2001). Temporary pools or riverine-floodplain wetlands resulting
from flash floods (ultimately caused by rains), or by springs that vary in output,
resulting in areas that flood (sometimes with fossil water), recede and dry (Issar
1990) (Fig. 5.3¢).

Although rain and evaporation are the main inputs and outputs, respectively,
freshwater temporary ponds rarely accumulate ions in their basins. Runoff of ions
(on the surface or via ground water) must therefore occur from these waterbodies.
However, athalassic lakes and ponds (saline water isolated from the sea, sensu
Williams 1981) occur in endorheic basins of the more arid locations of Mediterranean
climates, such as the Iberian Peninsula, North Africa, California, Australia, and
South Africa. In these systems, ions accumulate in the basin because water output
occurs only by evaporation. Groundwater-dependent wetlands have water levels
that rise and fall seasonally as groundwater tables fluctuate and thus moderate con-
centrations of ions develop as water levels decline.

Several classifications for temporary ponds have been proposed using hydrologi-
cal patterns. Duration and predictability of the hydroperiod are frequently used cri-
teria (Comin and Williams 1994; Keeley and Zedler 1998; Boulton et al. 2014;
Williams 2006). Our proposal, following Boulton et al. (2014), distinguishes five
types of temporary lentic waters:

(a) Ephemeral: Filled only after unpredictable rain and by runoff. The flooded area
dries out during the days following the flooding and supports low numbers of
macroscopic aquatic species.

(b) Episodic: Dries in 9 out of 10 years, with rare and irregular flooding (or wet
periods) which may last for a few months.

(c) Intermittent: Alternating wet and dry periods, but a more irregular fre-
quency of filling than seasonal wetlands. Flooding may persist for months
or years.

(d) Seasonal: Alternating wet and dry periods annually, in accordance with the
season. Usually fill during the wet season of the year, and dry out in a predict-
able way every year. The flooding lasts for several months, long enough for
macroscopic animals and plants to complete their life cycles.

(e) Near-permanent: Predictable flooding, though water levels may vary. The
annual input of water is greater than the losses (does not dry out) in 9 out of 10
years. The majority of organisms living here cannot tolerate desiccation.
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Fig. 5.3 Water budget diagram characteristics of Mediterranean temporary ponds. Model (a) rep-
resents rain-dependent temporary ponds such as vernal pools; model (b) represents groundwater-
fed temporary ponds unconnected to rivers commonly found across southern Australia and Cape
Mediterranean region, and also present in karst geologies; and model (c) shows temporary ponds
fed by flash-floods (occurring in some countries of the Mediterranean basin (e.g., Israel))

In this chapter we focus on two of these types, intermittent and seasonal, because
these are the types most commonly found in Mediterranean regions. However, these
categories represent points along a gradient. For example, some waterbodies dry
more often than 1 year in 10 (e.g., 1 year in 3). For these types of ponds, the term
“semipermanent” (dry but not every year) is commonly used (e.g., Stewart and
Kantru 1972; Collinson et al. 1995; Gascon et al. 2005).

Invertebrate Assemblages of Mediterranean Temporary Ponds

The similar climatic conditions among Mediterranean regions have led to convergent
evolution in the flora (Matesanz and Valladares 2014) characterized in part by remark-
ably high species diversity. However, the regions’ isolation and geologic history have
resulted in differences in the aquatic fauna (Bonada et al. 2008). For example, fauna



148 D. Boix et al.

groups (e.g., aquatic coleopterans) are characterized by very restricted distributions
in the Mediterranean basin region, very likely a consequence of two evolutionary
processes: (1) the Mediterranean basin as a refugium during the glacial maxima and
(2) the Mediterranean as an area of endemism during isolation in the glacial cycles
(Hewitt 2000; Ribera et al. 2003). Similarly, the south-western Australian
Mediterranean-climate region has been isolated by surrounding arid zones for millen-
nia, and as a result of this isolation is depauperate in some aquatic fauna, such as
stoneflies (Davies and Stewart 2013). Therefore, Mediterranean temporary ponds are
characterized by a unique combination of isolation and connectedness at different
spatial scales, which can result in the evolution of endemic species (Zedler 2003).
Appendix 1 provides a list of the families of aquatic invertebrates reported from
the five Mediterranean regions. The list is geographically and taxonomically biased
due to different research efforts among regions and taxonomic groups. The data
were obtained in an extensive review of the literature and complemented by unpub-
lished data of the authors (see Appendix 1 for references). Biodiversity (number of
genera) in Mediterranean temporary ponds is dominated by arthropods: primarily
insects and secondarily crustaceans (Appendix 1). In the case of insects, two fami-
lies have the highest biodiversity in all Mediterranean regions: Dytiscidae
(Coleoptera) and Chironomidae (Diptera). Another six insect families possess at
least ten genera (in decreasing order of genera richness): Hydrophilidae, Corixidae,
Libellulidae, Ceratopogonidae, Coenagrionidae, and Hydraenidae. Similarly, two
families of crustaceans have the highest biodiversity in all Mediterranean regions:
Chydoridae (Branchiopoda) and Cyprididae (Ostracoda). These two families are fol-
lowed by two copepod families: Cyclopidae and Diaptomidae. For non-arthropods,
two other families have high genera richness: typhloplanid turbellarians and planor-
bid gastropods. This pattern of richness among taxonomic groups is in accordance
with published comparisons among temporary ponds around the world, regardless
of the climate region (e.g., Boix et al. 2001; Boix and Sala 2002; Williams 2006).

Large Branchiopods: Flagship Invertebrate Species
of Mediterranean Temporary Ponds

Large branchiopods are a group of crustaceans that almost exclusively inhabit tem-
porary ponds (Hartland-Rowe 1972) and they have a worldwide distribution
(Brendonck et al. 2008). In the Mediterranean they are often considered a flagship
group of invertebrates for temporary ponds (Belk 1998; Thiéry 2004) and they are
promoted to monitoring ecological status of temporary ponds, since they are very
sensitive to habitat and landscape degradation (Gascon et al. 2012; van den Broeck
et al. 2015a, b). Appendix 2 provides a list (and references) for the large branchio-
pod species present in Mediterranean ponds to show the high species richness of
this group and the high level of endemism. We only included species specifically
observed in the temporary ponds located in the Mediterranean biome, below 1500
m.a.s.l., and in fresh water. Species present in the Mediterranean basin but only



5 Invertebrates of Freshwater Temporary Ponds in Mediterranean Climates 149

located at high altitude (e.g., Chirocephalus algidus, C. marchesonii, C. ruffoi, C.
sibyllae or C. tauricus; Cottarelli and Mura 1983; Cottarelli et al. 2010) were not
included, nor were saline species (the genus Parartemia in Australia has up to 15
species in Australian Mediterranean regions, 11 of them being endemic: Timms
2014 and references therein). Some early-described species are not included in the
Appendix because our existing knowledge consists only of very old records, and
taxonomic revision is probably needed; this is especially true for the Spinicaudata
(Hartland-Rowe 1967; Thiéry 1996) and for some Anostraca of the Mediterranean
basin area (such as Chirocephalus recticornis and Chirocephalus festae; Brauer
1877; Colosi 1922). Only species that appear in the scientific literature during the
second half of the twentieth century have therefore been included.

Large branchiopods are known in four of the five Mediterranean regions (no species
have been identified from the South American Mediterranean region) and their species
richness is high (Appendix 2). The degree of endemism is also quite high, except in
South Africa, where only a single endemic species has been recorded. The proportion
of endemic species is 55 %, 46 %, and 45 % in the Mediterranean basin, southern
Australia, and North America, respectively. At generic level, the anostracan Linderiella
(California and Mediterranean basin) and the spinicaudatan Maghrebestheria
(Mediterranean basin) can be considered as endemic to the Mediterranean regions.
Some genera have broad distributions across several Mediterranean regions, although
endemic species within these genera occur. They represent an example of faunal com-
plexes persisting over millennia with locally adapted endemic species (Keeley and
Zedler 1998). This is especially evident in the Notostraca (e.g., Triops), Spinicaudata
(e.g., Cyzicus, Eulimnadia), and Laevicaudata (e.g.,Lynceus), although it also occurs in
some anostracan genera (e.g., Streptocephalus, Branchinecta). It is interesting to note
that some genera are highly speciose in a particular Mediterranean region, such as
Streptocephalus and Branchipodopsis in South Africa, Branchinecta in North America,
Branchinella, Eulimnadia, and Limnadopsis in southern Australia, and Chirocephalus,
Tanymastigites and Triops in the Mediterranean basin.

Dynamics of Invertebrate Assemblages of Mediterranean
Temporary Ponds

Key Environmental Factors

Hydroperiod is an important factor determining the faunal composition and struc-
ture of Mediterranean temporary ponds (e.g., Boix et al. 2004; Ripley and Simovich
2009; Sim et al. 2013; Kneitel 2014). However, pond size is also considered a deter-
minant factor (e.g., Ebert and Balko 1987; March and Bass 1995; Meintjes 1996;
Spencer et al. 1999). Indirect effects of pond size on community structure (i.e.,
larger ponds have different environmental characteristics than smaller ones) seems
to be weak in temporary Mediterranean ponds (Ball6n et al. in press). The effects of
both hydroregime and habitat size depend on the dispersal modes of the taxa.
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Hydroregime has been found to be more important for passive dispersers than for
active dispersers (Vanschoenwinkel et al. 2009), for instance, and interactions
between inundation length and timing can differentially affect dispersal modes
(Kneitel 2014). Further, nested community patterns have been observed in
Mediterranean temporary ponds and found to be most associated with environmen-
tal variation (hydroperiod and pond size), but the presence of species with poor
dispersal abilities can also increase nestedness (Ripley and Simovich 2009;
Florencio et al. 2011).

Water quality has also been related to community structure, although it shows an
inconsistent pattern over invertebrate successional phases. Water quality fluctua-
tions probably coincide with changes in invertebrate assemblages, rather than caus-
ing them (Barclay 1966; Meintjes 1996). The main physical and chemical variables
related to species richness and community composition in Mediterranean temporary
ponds are salinity (Boix et al. 2008; Waterkeyn et al. 2009; Mlambo et al. 2009),
turbidity (Alonso 1998; Mlambo et al. 2009; Ruhf{ et al. 2014), light (Mokany et al.
2008) and nutrient concentration (Balla and Davis 1995; Mlambo et al. 2009).
Although local pond characteristics, and intra- and inter-annual variability are of
greater importance than biological factors for shaping the physical and chemical
characteristics of temporary ponds, bottom-up and top-down trophic effects are also
influential (e.g., Magnusson and Williams 2006), but few studies have specifically
addressed this topic in Mediterranean temporary ponds (but see Balla and Davis
1995; Waterkeyn et al. 2013).

Seasonal Succession
Successional Phases

Change in community composition during inundation was the focus of early studies
in temperate temporary ponds of the northern hemisphere (e.g., Murray 1911;
Mozley 1932; Kenk 1949). These pioneering studies built a general conceptual
model, which described the seasonal succession of invertebrate communities. This
model has subsequently been improved and/or validated in studies in temperate
regions of the southern hemisphere (Barclay 1966; Lake et al. 1989) and in more arid
zones with short hydroperiods (e.g., Rzéska 1961; Meintjes 1996; Lahr et al. 1999).

Kenk (1949) identified several different community structures during the
hydroperiod of temporary ponds in cool-temperate Michigan (USA) and
described them as “stages or phases.” Two aquatic phases were described based
on water temperature and season: the cold-water and the spring phase. In the
southern hemisphere, in New Zealand, Barclay (1966) also observed similar
time periods with distinguishable temporary pond communities (autumn-winter
stage and spring-early summer stage), but described a third phase during drying
(dry stage). Lake et al. (1989) constructed a three-phase conceptual model in
which phases were called: “filling,” “middle or aquatic” and “drying.” The com-
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munity dynamics of filling and drying phases represent allogenic succession
driven by environmental processes. During flooding, resources become abun-
dant, and biotic interactions have limited effect on community composition.
During drying, environmental variables change dramatically (e.g., temperature
increases, dissolved oxygen fluctuates), and although higher faunal densities
intensify biotic interactions, changes in community composition are again
mostly driven by environmental conditions. However, the succession observed
between these two phases is autogenic, that is, the result of biological processes
(i.e., predation and competition). Case studies of faunal community succession
in Mediterranean basin ponds are consistent with the three-phase model
(Bazzanti et al. 1996; Boix et al. 2004; Florencio et al. 2009; Sahuquillo and
Miracle 2010). Additionally, comparisons among the same phases of different
hydroperiods suggest that secondary changes in community composition related
to season exist in Mediterranean temporary ponds (Yaron 1964; Boix et al.
2004; Culioli et al. 2006). In these studies, invertebrate species compositions
for the three successional phases were identified, but species were also identi-
fied that only appeared in spring or in autumn-winter hydroperiods. Similarly, in
a temporary wetland in the south-western Australian Mediterranean region,
Strachan et al. (2014) observed three distinct phases of invertebrate community
structure during the process of wetland drying and reflooding, with an almost
complete turnover of species between hydrologically defined phases (damp
phase, sediment damp but surface water absent; dry phase, groundwater at its
lowest level and sediment surface dry; reflooded phase, surface water had
returned). These results suggest that groundwater-fed Mediterranean temporary
ponds are likely to show very large shifts in community composition over short
time periods driven by the marked hydrological changes that occur there.

The study of temporal changes in community structure based on body size is
complementary, rather than a replacement for the taxonomic approach (Rodriguez
and Magnan 1993). Successional analyses based on taxonomic or functional
approaches clearly show temporal changes in the community related to different
life-history strategies of the organisms, such as dispersal or resistance to drought
(Kenk 1949; Wiggins et al. 1980). In contrast, succession analyses based on body
size emphasize the temporal changes in the community related to trophic structure
(Quintana et al. 2015). In Mediterranean temporary ponds, differences in biomass-
size spectra were observed during succession, while permanent ponds remained
more static (Solimini et al. 2005). Size-based approaches have also been used to
identify successional phases (Boix et al. 2004).

Mediterranean Versus Cold-Temperate Regions

Although temporary ponds are very important in arid and semiarid areas, such as
Mediterranean-climate regions, most ecological knowledge, and the resulting
paradigms are biased by studies developed in cold-temperate areas. The general
successional models for temporary pond communities may be valid for
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Mediterranean ponds, but important distinctions must be recognized. First, in con-
trast with the mild winters in Mediterranean region, ponds in cold-temperate regions
freeze and become snow-covered in winter (e.g., Kenk 1949; Wiggins et al. 1980;
Boix et al. 2011) (Fig. 5.4). Consequently, these colder temperate regions may have
lower densities of invertebrates and decreases in certain faunal activities, such as
aerial dispersal, when compared to Mediterranean temporary ponds (see Ruhf et al.
2012 for an example in created wetlands). Second, the life-history traits and distri-
bution of species differ in cold-temperate and Mediterranean regions (Ruhf et al.
2013a). Species in Mediterranean regions tend to have narrower thermal tolerances
and allocate more to reproduction and resistance than species found in colder habi-
tats (Ruhi et al. 2012). Third, precipitation, and hence hydroperiod, is more variable
in Mediterranean ponds: annual rainfall vary markedly in some regions across
years, and a deviation of 30 % or more from a long-term average is not uncommon
(Gasith and Resh 1999; Florencio et al. 2009; Sahuquillo and Miracle 2010; Chester
and Robson 2011). Moreover, this inter- and intra-annual variability can result in

Autumn | Winter Spring Summer

COLD TEMPERATE ZONE

Vernal pool (short hydroperiod)

Dry phase | Snow & Ice | Dry phase

Vernal pool (long hydroperiod)

Dry phase | Snow & Ice | Dry phase

MEDITERRANEAN ZONE

Intermittent

Seasonal

Fig. 5.4 Schematic diagram of temporary pond hydroperiods in cold-temperate and some
Mediterranean regions (duration of wet phases can be different depending on the geographical or
inter-annual variability of each site). Shaded area indicates favorable environmental conditions for
aerial colonizers. In cold-temperate regions, an increase in hydroperiod length implies an increas-
ing number of days with good environmental conditions for aerial dispersers, but this is not the
case in all Mediterranean regions

Dry phase
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basins flooding in autumn, winter, spring, and occasionally in summer, and ponds
can also dry in different seasons, sometimes remaining dry for consecutive years
(Fig. 5.4). In contrast, many vernal and autumnal temporary ponds in cold-temper-
ate regions follow a more consistent seasonal pattern, both drying in summer and
flooding in spring or autumn, respectively (Wiggins et al. 1980).

Trait-Based Groups During Succession

In cold-temperate temporary ponds, community structure exhibits consistent tem-
poral patterns of functional-feeding groups. Initially, filtering collectors, gathering
collectors, and shredders dominate followed by increasing predator densities with
increasing hydroperiod (Wiggins et al. 1980; Williams 1983). The majority of pred-
ator species cannot persist in the temporary pond during the dry phase. Moreover,
predation pressure tends to increase with increasing hydroperiod length (Schneider
and Frost 1996). These patterns are commonly associated with changes in resource
availability (Wiggins et al. 1980) and the hydrological limitations imposed on cer-
tain functional-feeding and life-history groups (Schneider and Frost 1996; Higgins
and Merrit 1999). There are similarities between cold-temperate and Mediterranean
temporary ponds, but there are many differences.

Temporal patterns of invertebrate composition in temporary Mediterranean
ponds can be explained by life-history strategies (Wiggins et al. 1980; see also
Chap. 1). Passive dispersers that are desiccation-resistant often dominate at the
beginning of the hydroperiod, whereas taxa that are non-desiccation-resistant active
dispersers may dominate in both the beginning and in the final stages of the hydro-
period (Culioli et al. 2006; Boix et al. 2009). The dominance of detritivores at the
beginning and of predators at the end of the hydroperiod has been observed in many
Mediterranean and arid ponds (Lahr et al. 1999; Culioli et al. 2006), although this
pattern is not ubiquitous (Bazzanti et al. 1996; Spencer et al. 1999; Boix et al. 2004).
Other sequences have been observed, including the dominance of desiccation-
resistant taxa at both the beginning (aerially colonizing insects) and in the middle
(passive-colonizers) of the hydroperiod (Bazzanti et al. 1996). An absence of a pat-
tern resulting in similar proportions among all life-history groups can also develop
(Sim et al. 2013). Predators can be present at the beginning of the hydroperiod after
mild winters, or the dominant predators can emerge from pond sediment rather than
via flight (i.e., they have drought-resistant stages). For example, when Mediterranean
temporary ponds fill in winter, heteropterans (mainly Corixidae) colonize quickly
(e.g., Bazzanti et al. 1996; Boix et al. 2001; Florencio et al. 2009). Additionally, it
is known communities in which the main predators, such as the notostracan Triops
cancriformis and the coleopteran Agabus nebulosus, are desiccation-resistant and
become active during initial flooding (Boix et al. 2006). In these communities the
highest predation pressure occurred 2025 days after flooding with no increase over
the rest of the hydroperiod.

High inter-annual variability of hydroperiod length in Mediterranean ponds
causes variability in life-history groups (Boix et al. 2009; Sim et al. 2013; Kneitel
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2014). Sim et al. (2013) proposed a conceptual model of the relationships between
hydroperiod length, proportions of the different life-history groups, and the domi-
nant recolonization strategy (dispersal or egg-bank hatching). The model showed
how hydroperiod variability could interact with life-history traits that result in com-
munity structural differences (see also Chap. 1). One persistent limitation to prog-
ress in understanding these dynamics is the lack of life-history information for
many freshwater invertebrates (Robson et al. 2011). Recent studies show that inver-
tebrates might be capable of adapting to variable hydroperiods in ways not previ-
ously understood (e.g., Strachan et al. 2015).

Dry Period: Drought Resistance and Dispersal

Drought-tolerance, microrefuges, or high dispersal capacity allow aquatic animals
of temporary ponds to survive dry periods. Colonization from other wetlands and
persistence in a wetland are not mutually exclusive strategies for some invertebrate
taxa (Anderson and Smith 2004). The dry period is considered a constraint for the
aquatic fauna, causing lower taxa richness in temporary than in permanent ponds.
Studies (e.g., Wiggins et al. 1980; Williams 1996; Boulton et al. 2014; Strachan
et al. 2015) have shown, however, that a wide variety of invertebrate groups are
adapted to desiccation. For this reason, some authors consider desiccation a mythi-
cal constraint rather than a strong ecological filter (Biggs et al. 1994). Although
some evidence shows higher species richness in permanent ponds (Della Bella et al.
2005; but see Boix et al. 2008), this may be caused by single sampling events under-
estimating species richness in temporary wetlands with high temporal turnover in
species (Robson and Clay 2005). However, the duration and the predictability of the
dry period implies a selection of the fauna, since resistance to desiccation by some
groups is related to the duration of the dry period and the existence of suitable ref-
uges (Strachan et al. 2014, 2015). For example, in a temporary pond located in the
NE of the Iberian Peninsula, three abundant pioneering macroinvertebrates (Physa
acuta, Galba truncatula, and Berosus signaticollis) were always present during pre-
vious hydroperiods (dry period length between hydroperiods was less than 6
months), but became absent after the pond was dry for more than 2 years (Boix et al.
2001). Freshwater gastropods can survive short-term exposure to air (Havel et al.
2014), resting in microrefuges such as surface depressions of temporary ponds dur-
ing the dry period, and some species can also aestivate in the sediment (Strachan
et al. 2014). Beetles of the genus Berosus rest in the sediment during the metamor-
phosis from larval instar III to imago while waiting for the pond to reflood (Thiéry
1979; Barbero et al. 1982). Although crustacean eggs may be viable in sediment for
long periods (300 years in some copepods; Hairston et al. 1995), surviving numbers
decline over time (Jenkins and Boulton 2007). Besides drying stress, aestiviating
crustacean eggs can be consumed by predators (Waterkeyn et al. 2011a).

Studies of egg-bank dynamics in Mediterranean temporary ponds are scarce
(but see Mura 2004), but the presence of species in ponds has been related to their
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optimal water temperatures (Nourisson and Aguesse 1961; Waterkeyn et al. 2009).
Temperature not only determines the presence of species, but can also determine the
presence of different clones, as in the case of the ostracod Heterocypris incongruens
(Rossi and Menozzi 1990). In laboratory experiments, photoperiod variation can
produce clones with different life-history traits (Rossi and Menozzi 1993). In fact,
both photoperiod and temperature have been identified as cues for diapause in sev-
eral species of crustaceans and insects (e.g., Sawchyn and Church 1973; Otero et al.
1998). Temporal hatching patterns, whether bet-hedging or synchronous, can vary
for invertebrates. Some crustacean species use bet-hedging in more unstable, tem-
porary habitats, and use synchronous hatching in the more stable places (Simovich
and Hathaway 1997; Waterkeyn et al. 2013). Other factors playing a role in the
hatching process include salinity (Waterkeyn et al. 2009), light (Pinceel et al. 2013),
and predation (Spencer and Blaustein 2001), among others.

Different temporal patterns should be expected among groups that differ in dis-
persal abilities, such as active vs. passive dispersers, aerial vs. terrestrial dispersers,
or large- vs. small-bodied organisms (Bilton et al. 2001; De Bie et al. 2012; Ruh{
et al. 2013b). For example, large-bodied species are more dispersal-limited if they
are passive dispersers, whereas the opposite is true for active dispersers (De Bie
et al. 2012). Small organisms producing resting stages have not been considered
dispersal-limited, under the so-called cosmopolitan paradigm, but the generality of
this paradigm is currently being debated (Incagnone et al. 2015 and references
therein). Several vectors for passive dispersers have been described, each acting at
different spatial scales: wind (Parekh et al. 2014), insects (Van de Meutter et al.
2008), amphibians (Bohonak and Whiteman 1999), fishes (Beladjal et al. 2007),
birds (Frisch et al. 2007), and mammals (Vanschoenwinkel et al. 2008) including
human (Valls et al. in press). With animal dispersal, eggs can be transported exter-
nally, but there are also cases of dispersal following ingestion and defecation
(Bohonak and Whiteman 1999). Different dispersal abilities among active dispers-
ers interact with local and regional factors resulting in different spatiotemporal
diversity patterns (Miguel-Chinchilla et al. 2014). Insect flight may be influenced by
atmospheric conditions (mainly air temperature, wind speed, air humidity; Boix
etal. 2011 and references therein) as well as landscape type, habitat conditions, and
biological interactions, such as predation and competition. These factors may also
act as cues for the initiation of colonization flights (e.g., Velasco and Milldn 1998;
Pajunen and Pajunen 2003; Yee et al. 2009), or may be important to insects in their
selection of a suitable habitat (Blaustein et al. 2004).

Predation, Competition, and Trophic Webs

Along the hydroperiod gradient, the importance of abiotic and biotic factors both
change. In the schematic model proposed by Wellborn et al. (1996), ephemeral hab-
itats were considered as refuges against predation, while increased hydroperiod
length led to increased predation pressure. In contrast, permanent wetland
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invertebrates were viewed as being under higher predation pressure, mainly by fish.
This model is widely accepted, but it also generates misunderstandings. First, it is
incorrect to assume that predation is absent in temporary ponds, even in those ponds
with short hydroperiod length (e.g., Blaustein 1998; Brendonck et al. 2002; Boix
et al. 2006; Strachan et al. 2014). Second, in Mediterranean temporary waters, lon-
ger hydroperiods are not always associated with the highest predation pressure
(Spencer et al. 1999). Wetlands with short spring hydroperiods can show stronger
effects of insect predation than wetlands with long autumn-winter hydroperi-
ods (Fig. 5.4). Third, autogenic changes at community level (as described in the
Seasonal Succession section) are caused, at least in part, by predation (Higgins and
Merrit 1999; Boix et al. 2006). Fourth, indirect effects of predation were also
reported in these habitats; for example, bioturbation created by Triops negatively
affected microcrustaceans by impeding filtering capacities (Waterkeyn et al. 2011a)
and altering water physico-chemistry (Croel and Kneitel 2011). Therefore, preda-
tion is particularly important in structuring communities in temporary waters
because the inhabitants typically lack defences against predation (Wilcox 2001;
Petrusek et al. 2009), and the abundance of predaceous insects can be very high in
short-duration habitats (Batzer and Wissinger 1996).

From an evolutionary point of view, temporary ponds have been considered fau-
nal refuges from predation (Kerfoot and Lynch 1987). The reduction of the global
distribution of branchiopods and the rise of cladocerans (small-sized species) coin-
cided with the increase in fish predation during the Mesozoic. Large branchiopods
now almost exclusively inhabit temporary (fish-free) waters (Kerfoot and Lynch
1987). However, some defences against predators, which are exclusive of tempo-
rary waters (i.e., Triops cancriformis), have been observed in the invertebrate fauna.
Morphological changes that increase prey survival (i.e., formation of heart-shaped
lobes armed by long spines in the head shield, increased tail spine length, increased
body lengths and widths) have been observed in individuals of Daphnia spp. when
those individuals were incubated with chemical cues released by predatory tadpole
shrimp (Petrusek et al. 2009; Rabus et al. 2012).

Other ways of avoiding or reducing the risk of predation also exist. For example,
some diel patterns observed in zooplankton species of Mediterranean temporary
ponds can be interpreted as adaptations to the effects of predators (Compte et al. in
press). In non-Mediterranean fishless ponds, predatory invertebrates that inhabit
temporary ponds generate diel responses in zooplankton prey (Neill 1990; Gilbert
and Hampton 2001; Trochine et al. 2009). In these studies, the diel pattern varied
markedly among zooplankton-prey species, but examples also exist showing that
zooplankton diel patterns cannot be explained by predation (Arranz et al. 2015).
Other adaptations that reduce exposure to predators also exist in Mediterranean
temporary ponds. For example, some culicid (mosquito) females avoid ovipositing
in pools that contain predators (Blaustein et al. 2004). Although the cue for oviposi-
tion avoidance is generally chemical (Blaustein et al. 2004; Silberbush et al. 2010)
mosquitoes appear to use other cues for detecting predators (odonates; Stav et al.
2000), or may not avoid certain kinds of predators (urodeles) when ovipositing
(Blaustein et al. 2014).
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Predation can also have population-level effects. Triops, potentially a keystone
predator, may selectively prey upon particular sizes or sexes of prey. Populations of
Daphnia magna and the mayfly Callibaetis californicus exposed to Triops preda-
tion were size-biased, and characterized by preying on a high proportion of larger
individuals (Walton et al. 1991; Rabus et al. 2012). In another study, Triops targeted
male copepods (Megacyclops viridis) (Boix et al. 2006). The role of predation in
temporary ponds may therefore be important for population-level, as well as com-
munity, dynamics.

Unlike predation, only a few studies have addressed competition in Mediterranean
temporary ponds. One interesting feature of these studies is the important effect of
predation interacting indirectly with competition through: (1) keystone predation
(sensu Paine 1969); and (2) intraguild predation. The most competitively dominant
cladoceran genus, Daphnia, is also the preferred prey of Notonecta maculata (Eitam
and Blaustein 2010), so densities of less competitive and smaller cladocerans increase
with increasing predator abundance. Consequently species diversity increases, as is
typical of keystone predation. Two examples of intraguild predation have been
reported: mosquito versus toad competition in a temporary pool in Israel (Blaustein
and Margalit 1994), and fairy shrimps versus microcrustaceans in French and Spanish
temporary ponds (Sdnchez and Angeler 2007; Waterkeyn et al. 2011b). Mosquito
larvae (Culiseta longiareolata) and toad tadpoles (Bufotes variabilis) compete for
periphyton food, but late-stage Culiseta larvae also prey on Bufotes hatchlings. Fairy
shrimps compete with and potentially also prey on microcrustaceans.

Analyses of food web structure and top-down and bottom-up dynamics are rare
in temporary ponds, and the few existing examples are from studies performed out-
side the Mediterranean biome (Magnusson and Williams 2009; Schriever and
Williams 2013; O’Neill and Thorp 2014). These studies illustrate, however, that (1)
food-chains are short (average of 3.3 trophic levels, range of 1.7-4.6) regardless of
pond size (Schriever and Williams 2013); (2) food-chain length increases as tempo-
rary waterbodies approach the end of the hydroperiod (O’Neill and Thorp 2014);
and (3) strong top-down effects generated by insect predators (Odonata and
Coleoptera) have been observed, regulating the abundance of dipterans and zoo-
plankton with the effects propagating downwards through the food web to lower
trophic levels (i.e., trophic cascades; Magnusson and Williams 2009). Short food-
chains and trophic cascades have been also observed in temporary brackish waters
in coastal Mediterranean ponds (Compte et al. 2012).

Conservation and Management of Mediterranean
Temporary Ponds

From a global perspective, conservation of temporary aquatic environments is pre-
carious, because historically they have been neglected. For example, degradation
and disappearance of temporary wetlands and streams progressed continuously dur-
ing the last century (Holland et al. 1995; Brown 1998), in part due to the negative
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effects of both intensive (Euliss and Mushet 1999; Barry and Davies 2004;
Underwood et al. 2009) and expansive (Robson and Clay 2005; Sim et al. 2006a, b)
agricultural practices. Temporary ponds in the Mediterranean basin that were com-
patible with agricultural activity for thousands of years (Grillas et al. 2004) are now
clearly negatively affected by current intensive agriculture (Beja and Alcazar 2003;
Parra et al. 2005) as they are in other Mediterranean regions (e.g., southern Australia:
Robson and Clay 2005; Sim et al. 2006a, b). Remote sensing and historical com-
parison studies performed in several Mediterranean regions (e.g., De Roeck et al.
2008; Levin et al. 2009; Gémez-Rodriguez et al. 2010; Rhazi et al. 2012; Tulbure
et al. 2014) reveal degradation (i.e., reduced hydroperiod due to human activities)
and drastic reduction in the number of temporary ponds. The shallowness and the
small size of many Mediterranean temporary ponds have made them very vulnera-
ble to human impacts: they can easily be drained for agriculture, urbanization, tour-
ism, or industrial purposes (Grillas et al. 2004; Zacharias et al. 2007). In other cases,
temporary waterbodies have been converted to permanent ones for waste disposal,
water storage, or (perceived) aesthetics (e.g., Davis et al. 2001). Thus, Mediterranean
temporary ponds are endangered habitats, and consequently the scientific commu-
nity has emphasized the need to reverse the situation (Giudicelli and Thiéry 1998;
Boix et al. 2001; Horwitz et al. 2009; Diaz-Paniagua et al. 2010; Zacharias and
Zamparas 2010), so as to restore and preserve these unique and valuable
environments.

Negative impacts continue despite the existence of preservation initiatives for
Mediterranean temporary ponds and their species (e.g., Europe, European Habitat
Directive 92/43/CEE; US Federal Register 2003; but see Zedler 2003). The great
value of the flora of Mediterranean temporary aquatic environments has been widely
reported (e.g., Holland and Jain 1981; Boutin et al. 1982; Ferchichi-Ben Jamaa
et al. 2010; Rhazi et al. 2012), as well as the importance of these aquatic environ-
ments for amphibian conservation (e.g., Beja and Alcazar 2003; Gémez-Rodriguez
etal. 2009; Ferreira and Beja 2013; Escoriza et al. 2014). Invertebrates have received
less attention, with the exception of some crustaceans (e.g., King et al. 1996; Belk
1998; De Roeck et al. 2007). However, the need to protect these environments and
even to create new ones for the conservation of endangered invertebrate species has
been noted (Baltands et al. 1992; Valdecasas et al. 1992; Fugate 1998; Chester and
Robson 2013). In recent years, public perception, scientific knowledge, and man-
agement efforts have improved. For example, the number of scientific symposia and
publications for both scientific and general audiences has increased significantly in
the last two decades (Witham 1998; Diget and Rioux 1998; Blaustein and Schwartz
2001; Grillas et al. 2004; Fraga 2009). Pioneering examples of vernal pool restora-
tion, mitigation against damage, and conservation activities were developed in
California in the 1980s (Black and Zedler 1998; Ferren et al. 1998), and more fol-
lowed in the other Mediterranean regions. For example, in Europe, local and inter-
national projects to establish the value of Mediterranean temporary ponds, and to
improve their management, have flourished in the last 15 years (including continen-
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tal France, Corsica, Minorca, Valéncia, southwest of Portugal, Crete and Sardinia;
Grillas et al. 2004; Fraga et al. 2010; Sancho and Lacomba 2010). In southern
Australia, recent research has focused on understanding the effects of water regime
change on temporary wetlands (e.g., Robson and Clay 2005; Chambers et al. 2013;
Chester et al. 2013; Sim et al. 2013), the biodiversity and recolonization dynamics
of temporary wetland biota (Horwitz et al. 2009; Tuckett et al. 2010; Strachan et al.
2014), and whether artificial wetlands can play a role in conservation as more and
more natural wetlands become drier (Chester and Robson 2013; Chester et al.
2013). Globally, several new tools or methods have been proposed for Mediterranean
temporary ponds to evaluate the impact of human socioeconomic pressure (Zacharias
et al. 2008), estimate their environmental status (Dimitriou et al. 2006), establish
their habitat condition or ecological integrity (Sala et al. 2004; Sutula et al. 2006;
Chester et al. 2013; van den Broeck et al. 2015a), assess their water quality using
invertebrates (Chessman et al. 2002; Boix et al. 2005), and assess the contribution
anthropogenic wetlands could make to conservation goals (Chester and Robson
2013; Chester et al. 2013).

Common threats to temporary wetlands are prevalent among Mediterranean
regions: habitat loss, hydrological perturbation, disconnection and habitat fragmen-
tation, fire damage, pollution, eutrophication, sedimentation, physical disturbance
of the sediment, invasive species, livestock impacts, and climate change (Grillas
et al. 2004; Zacharias et al. 2007; Zacharias and Zamparas 2010). However, the rela-
tive importance of each differs among countries. For example, increased livestock
herd size has caused overgrazing and disturbance of sediments in North Africa
(Bouahim et al. 2014, but see Ferchichi-Ben Jamaa et al. 2012). In contrast, the use
of livestock has been proposed as a management tool to maintain disturbances that
favor rare plant germination and amphibian reproduction in Europe (Grillas et al.
2004), and to reduce invasive plant species and promote natives in California (Marty
2005). Water extraction and diversion can dramatically affect the hydrology of tem-
porary ponds in some areas (Serrano and Serrano 1996; Levin et al. 2009; Sim et al.
2013; Boulton et al. 2014). Habitat loss through drainage appears to be a universal
issue across Mediterranean-climate regions (e.g., Hambright and Zohary 1998;
Robson and Clay 2005; Horwitz et al. 2009). Moreover, annual rainfall has been
declining substantially since 1900 in several Mediterranean regions owing to cli-
mate change (IPCC 2007) and already dry periods in rivers and wetlands have been
markedly prolonged (Davies 2010; Sim et al. 2013). Many formerly perennial wet-
lands are now seasonal, and several formerly seasonal wetlands are now rarely inun-
dated. These changes in hydroregime (duration, timing, and frequency of inundation)
will imply changes in the populations and metacommunities dynamics, and differ-
ent patterns between organisms with different dispersion mode or ability are
expected (Pyke 2005; Sim et al. 2013; Kneitel 2014; Fig. 5.5).

Although many threats are common among temporary ponds in Mediterranean
regions, legal protections and conservation plans differ among locations with very
different political and social contexts. However, three fundamental concepts are
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Fig. 5.5 Schematic diagram showing changes in hydroregime and to invertebrates in some future
climate change scenarios. Three types of Mediterranean temporary ponds are shown: long hydro-
period (LH); short hydroperiod (SH); and ephemeral (EP). The left panels represent the present
situation, the middle panel shows moderate effects of climate change and the right-hand panel
shows severe effects of climate change along with the expected changes to hydroperiod length for
each pond type. Larger clouds and suns indicate higher rainfall and temperature, respectively. Each
panel shows three variables: hydroregime (a), organism dynamics (b), egg-bank dynamics (c). In
the hydroregime plots (a) the blue area shows seasonal water levels (A autumn, W winter, Sp
spring, Su summer) and hydroperiod length. In the organism dynamic plots (b) the bigger the icons
(red for passive dispersal invertebrates and green for the active ones) the higher the population
size, and red and green lines represent the change of population size during the year. Finally, the
pattern in (c) plots identifies three statuses of the egg-bank: black, high density and diversity of
propagules; dark gray, low density and diversity of propagules; light gray, depleted egg-bank.
Rainfall reduction and temperature increase cause shorter hydroperiod lengths with decreased life
cycle duration and, in turn, a gradual depletion of the egg-bank. For active dispersers, optimal
dispersal conditions (i.e., late spring) will be decoupled from hydroperiod since these conditions
would occur when ponds would probably be dry. Thus, metapopulation sizes will decrease in time,
and taxa presence can be only explained by neighboring ponds (gray panels)

shared: (1) habitat loss continues to be the primary challenge to conservation and
management; (2) integration of freshwater and terrestrial biodiversity priorities in
systematic conservation planning is a major challenge to conservation planners
(Amis et al. 2009; Davies and Stewart 2013) and it is especially relevant in areas
with a high abundance of temporary ponds (Chester and Robson 2013); and (3)
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biodiversity protection requires networks of ponds with diverse hydroperiods,
where the natural hydrologic regimes are preserved (Beja and Alcazar 2003; Diaz-
Paniagua et al. 2010; Chester and Robson 2013; Chester et al. 2013; Florencio et al.
2014). Pond networks in regions under strong human pressure exhibit poorly devel-
oped invertebrate metacommunities (Gascon et al. 2012). More knowledge of plants
and vertebrates in these environments means that these organisms are sometimes
used as surrogates for total biodiversity, but evidence exists that biodiversity pat-
terns and spatiotemporal dynamics of plants, vertebrates, and invertebrates, and
even among invertebrate groups, are different (Alexander and Schlising 1998;
Gascon et al. 2009; Bagella et al. 2010, 2011; Davies and Stewart 2013; Ruhf et al.
2014; Rouissi et al. 2014). Thus the use of surrogates may be ineffective in
Mediterranean-climate regions.

To solve these conservation dilemmas and improve the sustainability of biodi-
versity and ecosystem function in Mediterranean temporary wetlands, much more
research is needed into the dynamics of populations and communities.
Comparatively little is known of local and regional patterns of biodiversity, of
invertebrate population genetics and dispersal (with the exception of some groups
such as large branchiopods; e.g., Aguilar 2011, 2012; Simovich et al. 2013), and of
the dynamics of invertebrates in the wide range of habitats and microhabitats pres-
ent in these wetlands. For example, only recently have invertebrate movements
into sediment microrefuges during the drying process been documented in a
Mediterranean-climate wetland, showing dynamics not previously observed
(Strachan et al. 2014). Finally, progress is being made in elucidating how changes
in the hydroregime or in the climate characteristics affect community structure
(Ruhf et al. 2014; Kneitel 2014), and further research in this subject should allow
improved conservation management of Mediterranean temporary ponds in future
scenarios (Fig. 5.5).
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Appendix 1

Invertebrate taxa observed in Mediterranean temporary ponds of the five world
regions (data from published and non-published studies). The figures correspond to
the number of identified genera in each family. The symbol +indicates the presence
of a certain taxa, but without any genera identified. MED. REG., total number of
genera identified in all Mediterranean regions.
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Main literature sources:

MEDITERRANEAN BASIN—Terzian 1979; Boutin et al. 1982; Metge 1986;
Bazzanti et al. 1996; Bazzanti et al. 1997; Chaves 1999; Fahd et al. 2000; Boix et al.
2001, 2005; Eitam et al. 2004; Pieri et al. 2006; Culioli et al. 2006; Carchini et al.
2007; Marrone et al. 2009; Florencio et al. 2009; Sahuquillo and Miracle 2010;
Martins et al. 2010; Caramujo and Boavida 2010; Elron and Gafny 2011; Moubayed-
Breil et al. 2012; Tornero et al. 2014; Rouissi et al. 2014; Gerecke et al. 2014; Gilbert
et al. 2015; Escriva 2015. NORTH AMERICA —Ebert and Balko 1987; Zedler
1987; King et al. 1996; Rogers 1998, 2014; Belk 1998; Helm 1998; Simovich 1998;
de Szalay and Resh 2000; Marchetti et al. 2010. SOUTH AMERICA — Araya and
Zuniga 1985; Villagran-Mella et al. 2006; Figueroa et al. 2009; Correa-Araneda
et al. 2014. SOUTHERN AUSTRALIA —Williams 1975; Davis and Christidis
1999; Robson and Clay 2005; Sim et al. 2013; Pinder et al. 2013; Strachan et al.
2014. SOUTH AFRICA -De Roeck et al. 2007; Day et al. 2010; Mlambo et al. 2011.

Appendix 2

Large branchiopods species observed in temporary ponds in four of the five
Mediterranean regions (data from published studies; no species have been identified
from South American Mediterranean region). P means that this species occurs both in
and outside the Mediterranean areas, whereas E means that it is endemic to one
Mediterranean area. For the species inclusion criteria see section “Invertebrate assem-
blages of Mediterranean temporary ponds?”” means that this taxon cannot be included in
one of the two previous categories, because taxonomic identity is not at species level.

Med. Basin | North America | Southern Australia | South Africa
0. NOTOSTRACA
F. Triopidae

=
|
|
|

Lepidurus apus apus
Lepidurus apus viridis
Lepidurus couesii

a~Bika-RN|
|
|
|

Lepidurus lubbocki
Lepidurus packardi

Triops australiensis
Triops baeticus
Triops cancriformis
Triops emeritensis
Triops gadensis

=T
|
|
|

Triops granarius
Triops longicaudatus
Triops mauritanicus
Triops simplex

=iE e
|
|
|

Triops vicentinus

(continued)
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Med. Basin

North America

Southern Australia

South Africa

O. SPINICAUDATA

F. Cyzicidae

Cyzicus bucheti

=

Cyzicus californicus

Cyzicus gihoni

Cyzicus grubei

Cyzicus tetracerus

Eocyzicus saharicus

a-Aia-Ric- Rl !

Ozestheria mariae

Ozestheria packardi

=~

F. Limnadiidae

Eulimnadia sp.'

Eulimnadia feriensis

Eulimnadia datsonae

Eulimnadia palustera

Eulimnadia vinculuma

Sl ilc!

Eulimnadia texana

Imnadia yeyetta

Limnadia lenticularis

ja-Rlla~}

Limnadopsis occidentalis

Limnadopsis paradoxa

Limnadopsis tatei

Paralimnadia badia

Paralimnadia cygnorum

Paralimnadia sordida

= =R

F. Leptestheriidae

Eoleptestheria ticinensis

Leptestheria dahalacensis

Leptestheria mayeti

ja-Rila-Rila-1

Leptestheria rubidgei

Maghrebestheria maroccana

O. LAEVICAUDATA

F. Lynceidae

Lynceus sp.?

Lynceus baylyi

o]

Lynceus brachyurus

Lynceus tatei

Lynceus macleayanus

Lynceus magdaleanae

Lynceus susanneae

>N la-Rla-Nia-]
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Med. Basin

North America

Southern Australia

South Africa

0. ANOSTRACA

F. Streptocephalidae

Streptocephalus cafer

Streptocephalus dendyi

Streptocephalus gracilis

Streptocephalus ovamboensis

Streptocephalus papillatus

Streptocephalus purcelli

la-Mia-Ala-Nia-Rla-Nla-]

Streptocephalus torvicornis

Streptocephalus woottoni

F. Tanymastigidae

Tanymastix affinis

Tanymastix stagnalis

Tanymastix stellae

Tanymastigites brteki

Tanymastigites cyrenaica

Tanymastigites lusitanica

Tanymastigites perrieri

=TT

F. Branchipodidae

Australobranchipus parooensis

Branchipodopsis dayae

Branchipodopsis hodgsoni

Branchipodopsis karroensis

Branchipodopsis wolfi

ja-AlcoRRa-Ria-]

Branchipus cortesi

Branchipus pasai

Branchipus schaefferi

F. Thamnocephalidae

Branchinella affinis

Branchinella australiensis

Branchinella basispina

Branchinella complexidigitata

Branchinella erosa

Branchinella kadjikadji

Branchinella halsei

Branchinella hattahensis

Branchinella hearnii

Branchinella longirostris

Branchinella lyrifera

Branchinella nana

Branchinella occidentalis

Branchinella papillata

Branchinella vosperi

HiRRRTEER RS

(continued)
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(continued)

Med. Basin | North America | Southern Australia | South Africa
F. Branchinectidae
Branchinecta campestris -
Branchinecta coloradensis -
Branchinecta conservatio -

=Rl o Rila-Rlla-}
|
|

Branchinecta dissimilis -

a~]
|
|
|

Branchinecta ferox
Branchinecta gigas -
Branchinecta lindahli -
Branchinecta longiantenna -
Branchinecta lynchi -
Branchinecta mackini -

o lla-Rl o Rl o Rila -l
|
|

Branchinecta mesovallensis -

Branchinecta orientalis P

=
|
|

Branchinecta sandiegonensis | —
F. Chirocephalidae
Chirocephalus anatolicus
Chirocephalus bairdi
Chirocephalus brteki
Chirocephalus diaphanus
Chirocephalus kerkyrensis
Chirocephalus murae

Chirocephalus neumanni

=T
|
|
|

Chirocephalus salinus
Eubranchipus bundyi
Eubranchipus oregonus

|
a~Rla-Ria-|

|

|

Eubranchipus serratus

Linderiella africana
Linderiella baetica

===
|
|
|

Linderiella massaliensis
Linderiella occidentalis - E - -
Linderiella santarosae - E - -
!The taxonomic identity at species level of this population in Tunisia (Rabet et al. 2015) is not

determined
2According to Hartland-Rowe (1967) this species is not the ubiquitous L. brachyurus

Main literature sources:

MEDITERRANEAN BASIN —Hartland-Rowe 1967; Dimentman 1981; Cottarelli
and Mura 1983; Thiéry 1987, 1991, 1996, 2004; Brtek and Thiéry 1995; Alonso
1996; Defaye et al. 1998; Samraoui and Dumont 2002; Brtek and Cottarelli 2006;
Cottarelli et al. 2007, 2010; Miracle et al. 2008; Turki and Turki 2010; van den
Broeck et al. 2015b; Rabet et al. 2015. NORTH AMERICA - Helm 1998; US Fish
and Wildlife Service 2008; Rogers et al. 2010. SOUTHERN AUSTRALIA—
Williams 1968; Timms 2002, 2005, 2006, 2008, 2009, 2012, 2013, 2015; Richter
and Timms 2005; Timms and Richter 2009; Rogers and Hamer 2012. SOUTH
AFRICA —De Roeck et al. 2007.



5 Invertebrates of Freshwater Temporary Ponds in Mediterranean Climates 177

References

Aguilar A (2011) Weak phylogeographic structure in the endemic western North American fairy
shrimp Branchinecta lynchi (Eng, Belk and Erickson 1990). Aquat Sci 73:15-20

Aguilar A (2012) Range-wide and local drivers of genetic structure in an endangered California
vernal pool endemic crustacean. Conserv Genet 13:1577-1588

Alexander DG, Schlising RA (1998) Patterns in time and space for rare macroinvertebrates and
vascular plants in vernal pool ecosystem at the Vina Plains Preserve, and implication for pool
landscape management. In: Witham CW (ed) Ecology, conservation, and management of ver-
nal pool ecosystems. California Native Plant Society, Sacramento, pp 161-168

Alonso M (1996) Crustacea, Branchiopoda. In: Ramos MA (ed) Fauna Ibérica, 7. Museo Nacional
de Ciencias Naturales, CSIC, Madrid

Alonso M (1998) Las lagunas de la Espaiia peninsular. Limnetica 15:1-176

Alvarez-Cobelas M, Rojo C, Angeler DG (2005) Mediterranean limnology: current status, gaps
and the future. J Limnol 64:13-29

Amis MA, Rouget M, Lotter M, Day J (2009) Integrating freshwater and terrestrial priorities in
conservation planning. Biol Conserv 142:2217-2226

Anderson JT, Smith LM (2004) Persistence and colonization strategies of playa wetland inverte-
brates. Hydrobiologia 513:77-86

Araya JM, Ziiiga L (1985) Manual taxonémico del zooplancton lacustre de Chile. Boletin
Informativo Limnologico. Universidad Austral de Chile 1-110

Arranz I, Sala J et al (2015) Contribution to the knowledge of the distribution of Chaoborus spe-
cies (Diptera: Chaoboridae) in the NE Iberian Peninsula, with notes on the spatial and temporal
segregation among them. Limnetica 34:57-68

Aschman H (1973) Distribution and peculiarity in Mediterranean ecosystems. In: Di Castri F,
Mooney HA (eds) Mediterranean-type ecosystems: origin and structure. Springer, Berlin,
pp 11-19

Bagella S, Caria MC, Farris E, Filigheddu RS (2007) Issues related to the classification of
Mediterranean temporary wet habitats according with the European Union Habitats Directive.
Fitosociologia 44:245-249

Bagella S, Gascén S et al (2010) Identifying key environmental factors related to plant and crusta-
cean assemblages in Mediterranean temporary ponds. Biodiv Conserv 19:1749-1768

Bagella S, Gascon S et al (2011) Cross-taxon congruence in Mediterranean temporary wetlands:
vascular plants, crustaceans, and coleopterans. Comm Ecol 12:40-50

Balla SA, Davis JA (1995) Seasonal variation in the macroinvertebrate fauna of wetlands of differ-
ing water regime and nutrient status on the Swan Coastal Plain. Hydrobiologia 299:147-161

Ballén C, Avila N et al. (in press) Is ecosystem size more important than locality in determining
the environmental characteristics of temporary ponds? Limnetica

Baltands A, Montes C, Marcos AM (1992) Preserving ecological processes, a strategy for biologi-
cal conservation in fluctuating environments. Conserving and Managing Wetlands for
Invertebrates, Council of Europe, Vaduz, In, pp 28-31

Barbero M, Giudicelli J et al (1982) Etude des bicénoses des mares et ruisseaux temporaires a
éphémérophytes dominants en région méditerranéenne. Bull d’Ecol 13:387-400

Barclay MH (1966) An ecological study of a temporary pond near Auckland, New Zealand.
Austral ] Mar Freshw Res 17:239-258

Barry MJ, Davies W (2004) Effects of invertebrate predators and a pesticide on temporary pond
microcosms used for aquatic toxicity testing. Environ Pollut 13:25-34

Batzer DP, Wissinger SA (1996) Ecology of insect communities in nontidal wetlands. Annu Rev
Entomol 41:75-100

Bazzanti M, Baldoni S, Seminara M (1996) Invertebrate macrofauna of a temporary pond in
Central Italy: composition, community parameters and temporal succession. Arch Hydrobiol
137:77-94

Bazzanti M, Seminara M, Baldoni S (1997) Chironomids (Diptera: Chironomidae) from three
temporary ponds of different wet phase duration in central Italy. J Freshw Ecol 12:89-99



178 D. Boix et al.

Beja P, Alcazar R (2003) Conservation of Mediterranean temporary ponds under agricultural
intensification: an evaluation using amphibians. Biol Conserv 114:317-326

Beklioglu M, Romo S et al (2007) State of the art in the functioning of shallow Mediterranean
lakes: workshop conclusions. Hydrobiologia 584:317-326

Beladjal L, Dierckens K, Mertens J (2007) Dispersal of fairy shrimp Chirocephalus diaphanus
(Branchiopoda: Anostraca) by the trout (Salmo trutta). J Crust Biol 27:71-73

Belk D (1998) Global status and trends in ephemeral pool invertebrate conservation: implications
for California fairy shrimp. In: Witham CW (ed) Ecology, conservation, and management of
vernal pool ecosystems. California Native Plant Society, Sacramento, pp 147-150

Biggs J, Corfield A et al (1994) New approaches to the management of ponds. Brit Wildl
5:273-287

Bilton DT, Freeland JR, Okamura B (2001) Dispersal in freshwater invertebrates. Annu Rev Ecol
Syst 32:159-181

Black C, Zedler PH (1998) An overview of 15 years of vernal pool restoration and construction
activities in San Diego county, California. In: Witham CW (ed) Ecology, conservation, and man-
agement of vernal pool ecosystems. California Native Plant Society, Sacramento, pp 195-205

Blaustein L (1998) Influence of the predatory backswimmer, Notonecta maculata, on invertebrate
community structure. Ecol Entomol 23:246-252

Blaustein L, Margalit J (1994) Mosquito larvae (Culiseta longiareolata) prey upon and compete
with toad tadpoles (Bufo viridis). J] Anim Ecol 63:841-850

Blaustein L, Schwartz SS (eds) (2001) Ecology of temporary pools. Isr J Zool 47:303-528

Blaustein L, Kiflawi M et al (2004) Oviposition habitat selection in response to risk of predation:
mode of detection consistency across experimental venue. Oecologia 138:300-305

Blaustein J, Sadeh A, Blaustein L (2014) Influence of fire salamander larvae on among-pool dis-
tribution of mosquito egg rafts: oviposition habitat selection or egg raft predation? Hydrobiologia
723:157-165

Bohonak AJ, Whiteman HH (1999) Dispersal of the fairy shrimp Branchinecta coloradensis
(Anostraca): effects of hydroperiod and salamanders. Limnol Oceanogr 44:487—493

Boix D, Sala J (2002) Riqueza y rareza de los insectos acudticos de la laguna temporal de Espolla
(Pla de I’Estany, Cataluiia). Boletin Asoc Espafiola Entomol 26:45-57

Boix D, Sala J, Moreno-Amich R (2001) The faunal composition of Espolla pond (NE Iberian
Peninsula): the neglected biodiversity of temporary waters. Wetlands 21:577-592

Boix D, Sala J, Quintana XD, Moreno-Amich R (2004) Succession of the animal community in a
Mediterranean temporary pond. J N Am Benthol Soc 23:29-49

Boix D, Gascén S et al (2005) A new index of water quality assessment in Mediterranean wetlands
based on crustacean and insect assemblages: the case of Catalunya (NE Iberian peninsula).
Aquat Conserv Mar Freshw Ecosyst 15:635-651

Boix D, Sala J, Gascén S, Brucet S (2006) Predation in a temporary pond with special attention to
the trophic role of Triops cancriformis (Crustacea: Branchiopoda: Notostraca). Hydrobiologia
571:341-353

Boix D, Gascén S et al (2008) Patterns of composition and species richness of crustaceans and
aquatic insects along environmental gradients in Mediterranean water bodies. Hydrobiologia
597:53-69

Boix D, Sala J et al (2009) Structure of invertebrate assemblages: contribution to the ecological
functioning of the Mediterranean temporary ponds. In: Fraga, P (ed) International Conference
on Mediterranean Temporary Ponds: Proceedings & Abstracts, Mad, pp 151-187

Boix D, Magnusson AK et al (2011) Environmental influence on flight activity and arrival patterns
of aerial colonizers of temporary ponds. Wetlands 31:1227-1240

Boix D, Biggs J et al (2012) Pond research and management in Europe: “Small is Beautiful”.
Hydrobiologia 689:1-9

Bolle H-J (2003) Climate, climate variability, and impacts in the Mediterranean area: an overview.
In: Bolle H-J (ed) Mediterranean climate. Springer, Berlin, pp 5-86

Bonada N, Resh VH (2013) Mediterranean-climate streams and rivers: geographically separated
but ecologically comparable freshwater systems. Hydrobiologia 719:1-29



5 Invertebrates of Freshwater Temporary Ponds in Mediterranean Climates 179

Bonada N, Rieradevall M et al (2008) Multi-scale assessment of macroinvertebrate richness and
composition in Mediterranean-climate rivers. Freshw Biol 53:772-778

Bouahim S, Rhazi L et al (2014) Unravelling the impact of anthropogenic pressure on plant com-
munities in Mediterranean temporary ponds. Mar Freshw Res 65:918-929

Boulton AJ, Brock MA et al (2014) Australian freshwater ecology. Processes and management,
2nd edn. Wiley, Chichester

Boutin C, Lesne L, Thiéry A (1982) Ecologie et typologie de quelques mares temporaires a isoétes
d’une région aride du Maroc occidental. Ecol Méditer 8:31-56

Brauer F (1877) Beitrdge zur Kenntniss der Phyllopoden. Sitzungsberichte der Kaiserlichen
Akademie der Wissenschaften. Mathematisch-Naturwissenschaftliche Classe 75:583-614

Brendonck L, Michels E, De Meester L, Riddoch B (2002) Temporary pools are not enemy-free.
Hydrobiologia 486:147-159

Brendonck L, Rogers DC et al (2008) Global diversity of large branchiopods (Crustacea:
Branchiopoda) in freshwater. Freshw Anim Div Assess 595:167-176

Britton RH, Crivelli AJ (1993) Wetlands of southern Europe and North Africa: Mediterranean
wetlands. In: Whigham DF, Dykyjova D, Hejny S (eds) Wetlands of the world I: inventory,
ecology and management. Kluwer Academic, Dordrecht, pp 129-194

Brown KS (1998) Vanishing pools taking species with them. Science 281:626

Brtek J, Cottarelli V (2006) Chirocephalus murae, a new species (Branchiopoda, Anostraca) from
Turkey. Crustaceana 79:89-98

Brtek J, Thiéry A (1995) The geographic distribution of the European Branchiopods (Anostraca,
Notostraca, Spinicaudata, Laevicaudata). Hydrobiologia 298:263-280

Caramujo MJ, Boavida MJ (2010) Biological diversity of copepods and cladocerans in
Mediterranean temporary ponds under periods of contrasting rainfall. J Limnol 69:64-75

Carchini G, Della Bella V, Solimini AG, Bazzanti M (2007) Relationships between the presence of
odonate species and environmental characteristics in lowland ponds of central Italy. Ann
Limnol Int J Limnol 43:81-87

Chambers JM, Nugent G et al (2013) Adapting to climate change: a risk assessment and decision
making framework for managing groundwater dependent ecosystems with declining water lev-
els, Development and case studies. National Climate Change Adaptation Research Facility,
Gold Coast, 100 p

Chaves ML (1999) Monitorizac¢do bioldgica de lagoas tempordrias mediterranicas—Contribui¢do
para a difini¢cdo de estados de referéncia. Universidade de Lisboa, Estdgio de Licenciatura

Chessman BC, Trayler KM, Davis JA (2002) Family and species level biotic indices for macroin-
vertebrates of wetlands on the Swan Coastal Plain, Western Australia. Mar Freshw Res
53:919-930

Chester ET, Robson BJ (2011) Drought refuges, spatial scale and the recolonization of inverte-
brates in non-perennial streams. Freshw Biol 56:2094-2104

Chester ET, Robson BJ (2013) Anthropogenic refuges for freshwater biodiversity: their ecological
characteristics and management. Biol Conserv 166:64—75

Chester ET, Robson BJ, Chambers JM (2013) Novel methods for managing freshwater refuges
against climate change in southern Australia: anthropogenic refuges for freshwater biodiver-
sity. National Climate Change Adaptation Research Facility, Gold Coast, 90 p

Collinson NH, Biggs J et al (1995) Temporary and permanent ponds: an assessment of the effects
of drying out on the conservation value of aquatic macroinvertebrate communities. Biol
Conserv 74:125-133

Colosi G (1922) Nota sopra alcuni Eufillopodi. Atti della Societa Italiana di scienze naturali e del
Museo Civico di storia naturale di Milano 61:287-297

Comin FA, Williams WD (1994) Parched continents: Our common future? In: Margalef R (ed)
Limnology now. A paradigm of planetary problems. Elsevier, Amsterdam

Compte J, Gascon S, Quintana XD, Boix D (2012) The effects of small fish presence on a species-
poor community dominated by omnivores: Example of a size-based trophic cascade. J Exp Mar
Biol Ecol 418-419:1-11.



180 D. Boix et al.

Compte J, Montenegro M, et al (in press) Microhabitat selection and diel patterns of zooplankton
1 in a Mediterranean temporary pond. Hydrobiologia.

Correa-Araneda F, Diaz ME et al (2014) Benthic macroinvertebrate community patterns of
Mediterranean forested wetlands and their relation to changes in the hydroperiod. Limnetica
33:361-374

Cottarelli V, Mura G (1983) Anostraci, Notostraci, Concostraci. In: Ruffo S (ed) Guide per il
riconoscimento delle specie animali delle acque interne italiane, 18. Consiglio Nazionale delle
Richerche

Cottarelli V, Mura G, Sulhi Ozkiitiik R (2007) On two new Anostraca species (Branchiopoda) from
Turkey: Chirocephalus anatolicus sp. nov. and Chirocephalus cupreus sp. nov. Crustaceana
80:455-474

Cottarelli V, Aygen C, Mura G (2010) Fairy shrimps from Asiatic Turkey: Redescription of
Chirocephalus tauricus Pesta, 1921 and descriptions of Chirocephalus algidus sp. nov. and
Chirocephalus brteki sp. nov. (Crustacea, Branchiopoda, Anostraca). Zootaxa 2528:29-52

Croel R, Kneitel JM (2011) Ecosystem-level effects of bioturbation by the tadpole shrimp
Lepidurus packardi in temporary pond mesocosms. Hydrobiologia 665:169-181

Culioli JL, Foata J et al (2006) Temporal succession of the macroinvertebrate fauna in a Corsican
temporary pond. Vie et Milieu 56:215-221

Daget P (1984) Introduction a une théorie générale de la Méditerranéite. Bull Soc Bot Fr
131:31-36

Davies PM (2010) Climate change implications for river restoration in global biodiversity hotspots.
Restor Ecol 18:261-268

Davies PM, Stewart BA (2013) Aquatic biodiversity in the Mediterranean climate rivers of south-
western Australia. Hydrobiologia 719:215-236

Davis JA, Christidis F (1999) A guide to wetland invertebrates of southwestern Australia. Western
Australian Museum, Perth, WA

Davis JA, Halse SA, Froend RH (2001) Factors influencing biodiversity in coastal plain wetlands
of south-western Australia. In: Gopal B, Junk WA, Davis JA (eds) Biodiversity in wetlands:
assessment, function and conservation, vol 2. Backhuys Publishers, Leiden, pp 89-100

Day J, Day E, Ross-Gillespie V, Ketley A (2010) The assessment of temporary wetlands during
dry conditions. Water Research Commission, Report No. TT 434/09

De Bie T, Meester L et al (2012) Body size and dispersal mode as key traits determining metacom-
munity structure of aquatic organisms. Ecol Lett 15:740-747

de Moor FC, Day JA (2013) Aquatic biodiversity in the mediterranean region of South Africa.
Hydrobiologia 719:237-268

De Roeck E, Vanschoenwinkel B et al (2007) Conservation status of large branchiopods in the
Western Cape, South Africa. Wetlands 27:162—-173

De Roeck E, Verhoest NE et al (2008) Remote sensing and wetland ecology: a South African case
study. Sensors 8:3542-3556

de Szalay FA, Resh VH (2000) Factors influencing macroinvertebrate colonization of seasonal
wetlands: responses to emergent plant cover. Freshw Biol 45:295-308

Defaye D, Rabet N, Thiéry A (1998) Atlas et bibliographie des crustacés branchiopodes (Anostraca,
Notostraca, Spinicaudata) de France métropolitaine. Patrimoines Naturels, 32. Service du
Patrimoine Naturel/IEGB/MNHN, Paris

Della Bella V, Bazzanti M, Chiarotti F (2005) Macroinvertebrate diversity and conservation status
of Mediterranean ponds in Italy: water permanence and mesohabitat influence. Aquat Conserva
Mar Freshw Ecosyst 15:583-600

Diaz-Paniagua C, Ferndndez-Zamudio R et al (2010) Temporary ponds from Dofiana National
Park: a system of natural habitats for the preservation of aquatic flora and fauna. Limnetica
29:41-58

Diget A, Rioux JA (1998) Ecologie et conservation des mares temporaires méditerranéennes:
I’exemple des mares de la reserve naturelle de Roque-Haute, Montpellier. Ecol Mediterr
24:105-240



5 Invertebrates of Freshwater Temporary Ponds in Mediterranean Climates 181

Dimentman C (1981) The rainpool ecosystems of Israel: geographical distribution of freshwater
Anostraca (Crustacea). Isr J Zool 30:1-15

Dimitriou E, Karaouzas I, Skoulikidis N, Zacharias I (2006) Assessing the environmental status of
Mediterranean temporary ponds in Greece. Ann Limnol 42:33-41

Ebert TA, Balko ML (1987) Temporary pools as islands in space and in time: the biota of vernal
pools in San Diego, Southern California, USA. Arch Hydrobiol 110:101-123

Eitam A, Blaustein L (2010) Effects of predator density and duration of predator occupancy on
crustacean abundance and diversity in experimental pools. Hydrobiologia 652:269-276

Eitam A, Noreiia C, Blaustein L (2004) Microturbellarian species richness and community similar-
ity among temporary pools: relationships with habitat properties. Biodiv Conserv
13:2107-2117

Elron, E, Gafny S (2011) A survey of winter rainpools (ephemeral pools) at the Central Coastal
Plain of Israel (March—June, 2010). Report submitted to the Scientific Dept. and the Central
District of the Israeli Nature and Parks Authority. 246 pp

Escoriza D, Hassine JB, Boix D (2014) Factors regulating the invasive success of an alien frog: a
comparison of the ecology of the native and alien populations. Hydrobiologia 730:127-138

Escriva A (2015) Ecologia de comnitats d’invertebrats aquatics de la Peninsula Ibérica, amb espe-
cial rellevancia als Ostracoda. Ph.D. Thesis, Universitat de Valéncia

Euliss NH, Mushet DM (1999) Influence of agriculture on aquatic invertebrate communities of
temporary wetlands in the prairie pothole region of North Dakota, USA. Wetlands
19:578-583

European Commission (2003) Interpretation manual of European Union habitats (EUR 25) DG
Environment-Nature and Biodiversity, Brussels. http://europa.eu.int/comm/environment/
nature/nature_conservation/eu_enlargement/2004/pdf/haitats_im_en.pdf. Accessed 15 Jan
2015

Fahd K, Serrano L, Toja J (2000) Crustacean and rotifer composition of temporary ponds in the
Doiiana National Park (SW Spain) during floods. Hydrobiologia 436:41-49

Ferchichi-Ben Jamaa H, Muller SD et al (2010) Structures de végétation et conservation des zones
humides temporaires méditerranéennes: la région des Mogods (Tunisie septentrionale). C R
Biol 333:265-279

Ferchichi-Ben Jamaa H, Muller SD et al (2012) Influence du paturage sur la structure, la composi-
tion et la dynamique de la végétation de mares temporaires méditerranéennes (Tunisie septen-
trionale). Rev d’Ecol 67:3-20

Ferreira M, Beja P (2013) Mediterranean amphibians and the loss of temporary ponds: Are there
alternative breeding habitats? Biol Conserv 165:179-186

Ferren WR, Hubbard DM et al (1998) Review of ten years of vernal pool restoration and creation
in Santa Barbara, California. In: Witham CW (ed) Ecology, conservation, and management of
vernal pool ecosystems. California Native Plant Society, Sacramento, pp 206-216

Ferrés L (1993) Un bioma i un clima a escala humana. In: Folch R (ed) Biosfera, Mediterranies,
vol 5. Enciclopedia Catalana, Barcelona, pp 17-26

Figueroa R, Sudrez ML et al (2009) Caracterizacion ecoldgica de humedales de la zona semidrida
de Chile Central. Gayana 73:76-94

Florencio M, Serrano L et al (2009) Inter- and intra-annual variations of macroinvertebrate assem-
blages are related to the hydroperiod in Mediterranean temporary ponds. Hydrobiologia
634:167-183

Florencio M, Dfaz-Paniagua C, Serrano L, Bilton DT (2011) Spatio-temporal nested patterns in
macroinvertebrate assemblages across a pond network with a wide hydroperiod range.
Oecologia 166:469-483

Florencio M, Diaz-Paniagua C, Gomez-Rodriguez C, Serrano L (2014) Biodiversity patterns in a
macroinvertebrate community of a temporary pond network. Insect Conserv Div 7:4-21

Fraga P (ed) (2009) International conference on temporary ponds. Proceedings & Abstracts.
Consell Insular de Menorca, Mad

Fraga P, Estatin I, Cardona E (eds) (2010) Basses temporals mediterranies. LIFE BASSES: gestié
i conservacié a Menorca. Consell Insular de Menorca, Mad


http://europa.eu.int/comm/environment/nature/nature_conservation/eu_enlargement/2004/pdf/haitats_im_en.pdf
http://europa.eu.int/comm/environment/nature/nature_conservation/eu_enlargement/2004/pdf/haitats_im_en.pdf

182 D. Boix et al.

Frisch D, Green AJ, Figuerola J (2007) High dispersal capacity of a broad spectrum of aquatic
invertebrates via waterbirds. Aquat Sci 69:568-574

Fugate M (1998) Branchinecta of North America: population structure and its implications for
conservation practice. In: Witham CW (ed) Ecology, conservation, and management of vernal
pool ecosystems. California Native Plant Society, Sacramento, pp 140-146

Gascén S, Boix D, Sala J, Quintana XD (2005) Variability of benthic assemblages in relation to the
hydrological pattern in Mediterranean salt marshes (Emporda wetlands, NE Iberian Peninsula).
Arch Hydrobiol 163:163-181

Gascén S, Boix D, Sala J (2009) Are different biodiversity metrics related to the same factors? A
case study from Mediterranean wetlands. Biol Conserv 142:2602-2612

Gascon S, Machado M et al (2012) Spatial characteristics and species niche attributes modulate the
response by aquatic passive dispersers to habitat degradation. Mar Freshw Res 63:232-245

Gasith A, Resh VH (1999) Streams in Mediterranean climate regions: abiotic influences and biotic
responses to predictable seasonal events. Annu Rev Ecol Syst 30:51-81

Gerecke R, Marrone F et al (2014) The water mites (Acari: Hydrachnidia) of the standing waters
of Corsica, Sardinia and Sicily: review and new data. Ital J Zool 81:389—408

Gilbert JJ, Hampton SE (2001) Diel vertical migrations of zooplankton in a shallow, fishless pond:
a possible avoidance-response cascade induced by notonectids. Freshw Biol 46:611-621

Gilbert JD, De Vicente I et al (2015) A comprehensive evaluation of the crustaceans assemblages
in southern Iberian Mediterranean wetlands. J Limnol 74:169-181

Giudicelli J, Thiéry A (1998) La faune des mares temporaires, son originalité et son intérét pour la
biodiversité des eaux continentales méditerranéennes. Ecol Mediterr 24:135-143

Gomez-Rodriguez C, Diaz-Paniagua C et al (2009) Mediterranean temporary ponds as amphibian
breeding habitats: the importance of preserving pond networks. Aquat Ecol 43:1179-1191

Gomez-Rodriguez C, Bustamante J, Dfaz-Paniagua C (2010) Evidence of hydroperiod shortening
in a preserved system of temporary ponds. Remote Sensing 2:1439-1462

Grillas P, Gauthier P, Yavercovski N, Perennou C (2004) Mediterranean temporary pools. Issues relat-
ing to conservation, functioning and management, vol 1. Station biologique de la Tour du Valat

Grillas P, Waterkeyn A, Brendonck L, Rhazi L (2010) Basses temporals mediterranies arreu del
mon. In: Fraga P, Estaiin I, Cardona E (eds) Basses temporals mediterranies. LIFE BASSES:
gestid i conservacio a Menorca. Consell Insular de Menorca, Mag, pp 23-40

Hairston NG, Van Brunt RA, Kearns CM, Engstrom DR (1995) Age and survivorship of diapaus-
ing eggs in a sediment egg bank. Ecology 76:1706-1711

Hambright K, Zohary T (1998) Lakes Hula and Agmon: destruction and creation of wetland
ecosystems in northern Israel. Wetl Ecol Manage 6:83-89

Hartland-Rowe R (1967) An annotated catalogue of phyllopod crustacea recorded from Israel,
with a key for their identification. Isr J Zool 16:88-95

Hartland-Rowe R (1972) The limnology of temporary waters and the ecology of Euphyllopoda. In:
Clark RB, Wootton RJ (eds) Essays in hydrobiology. University of Exeter, New York, pp 15-31

Havel J, Bruckerhoff LA, Funkhouser MA, Gemberling AR (2014) Resistance to desiccation in
aquatic invasive snails and implications for their overland dispersal. Hydrobiologia
741:89-100

Helm BP (1998) Biogeography of eight large branchiopods endemic to California. p. 124-139. In:
Witham, CW (ed). Ecology, Conservation, and Management of Vernal Pool Ecosystems—
Proceedings from a 1996 Conference. California Native Plant Society, pp 124-139

Hewitt GM (2000) The genetic legacy of the Quaternary ice ages. Nature 405:907-913

Higgins MJ, Merrit RW (1999) Invertebrate seasonal patterns and trophic relationships. In: Batzer
D, Rader RB, Wissinger SA (eds) Invertebrates in freshwater. Wetlands of North America.
Wiley, New York, pp 279-297

Holland RF, Jain SK (1981) Insular biogeography of vernal pools in the Central Valley of
California. Am Nat 117:24-37

Holland CC, Honea J, Gwin SE, Kentula ME (1995) Wetland degradation and loss in the rapidly
urbanizing area of Portland, Oregon. Wetlands 15:336-345



5 Invertebrates of Freshwater Temporary Ponds in Mediterranean Climates 183

Horwitz P, Rogan R et al (2009) Wetland invertebrate richness and endemism on the Swan Coastal
Plain, Western Australia. Mar Freshw Res 60:1006—-1020

Incagnone G, Marrone F et al (2015) How do freshwater organisms cross the “dry ocean”? A
review on passive dispersal and colonization processes with a special focus on temporary
ponds. Hydrobiologia 750:103-123

IPCC [Intergovernmental Panel on Climate Change] (2007) Climate Change 2007: The Scientific
Basis. Contribution of Working Group I to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge Univ Press, New York

Issar AS (1990) Water shall flow from the rock: hydrogeology and climate in the lands of the Bible.
Springer, Berlin

Jenkins KM, Boulton AJ (2007) Detecting impacts and setting restoration targets in arid-zone riv-
ers: aquatic micro-invertebrate responses to reduced floodplain inundation. J Appl Ecol
44:823-832

Keeley JE, Zedler PH (1998) Characterization and global distribution of vernal pools. In: Witham
CW (ed) Ecology, conservation, and management of vernal pool ecosystems. California Native
Plant Society, Sacramento

Kenk R (1949) The animal life of temporary and permanent ponds in southern Michigan.
Miscellaneous Publications Museum of Zoology, University of Michigan 71:1-66

Kerfoot WC, Lynch M (1987) Branchipod communities: associations with planktivorous fish. In:
Kerfoot WC, Sih A (eds) Predation: direct and indirect impacts on aquatic communities.
University Press of New England, Hanover, pp 367-378

King JL, Simovich MA, Brusca RC (1996) Species richness, endemism and ecology of crustacean
assemblages in northern California vernal pools. Hydrobiologia 328:85-116

Kneitel JM (2014) Inundation timing, more than duration, affects the community structure of
California vernal pool mesocosms. Hydrobiologia 732:71-83

Lahr J, Diallo AO et al (1999) Phenology of invertebrates living in a sahelian temporary pond.
Hydrobiologia 405:189-205

Lake PS, Bayly IAE, Morton DW (1989) The phenology of a temporary pond in western Victoria,
Australia, with special reference to invertebrate succession. Arch Hydrobiol 115:171-202

Levin N, Elron E, Gasith A (2009) Decline of wetland ecosystems in the coastal plain of Israel
during the 20th century: implications for wetland conservation and management. Landsc
Urban Plan 92:220-232

Magnusson AK, Williams DD (2006) The roles of natural temporal and spatial variation versus
biotic influences in shaping the physicochemical environment of intermittent ponds: a case
study. Arch Hydrobiol 165:537-556

Magnusson AK, Williams DD (2009) Top-down control by insect predators in an intermittent
pond-a field experiment. Ann Limnol 45:131-143

March F, Bass D (1995) Application of island biogeography theory to temporary pools. J Freshw
Ecol 10:83-85

Marchetti MP, Garr M, Smith ANH (2010) Evaluating wetland restoration success using aquatic
macroinvertebrate assemblages in the Sacramento Valley, California. Restor Ecol 18:457-466

Marrone F, Castelli G, Naselli-Flores L (2009) Sicilian temporary ponds: an overview of the com-
position and affinities of their crustacean biota. In: Fraga P, Estatin I, Cardona E (eds) Basses
temporals mediterranies. LIFE BASSES: gesti6 i conservacié a Menorca. Consell Insular de
Menorca, pp 189-202

Martins MJF, Namiotko T et al (2010) Contribution to the knowledge of the freshwater Ostracoda
fauna in continental Portugal, with an updated checklist of recent and Quaternary species.
J Limnol 69:160-173

Marty JT (2005) Effects of cattle grazing on diversity in ephemeral wetlands. Conserv Biol
19:1626-1632

Matesanz S, Valladares F (2014) Ecological and evolutionary responses of Mediterranean plants to
global change. Environ Exp Bot 103:53-67

McAbendroth LC (2004) Ecology and conservation of Mediterranean temporary ponds in the
UK. Ph.D. Thesis, University of Plymouth



184 D. Boix et al.

Meintjes S (1996) Seasonal changes in the invertebrate community of small shallow ephemeral
pans at Bain’s Vlei, South Africa. Hydrobiologia 317:51-64

Metge G (1986) Etude des écosystemes hydromorphes (dayas et merjas) de la Méséta Occidentale
Marocaine. Ph.D. Thesis, Unive Droit, d’Econ Sci Aix-Marseille

Miguel-Chinchilla L, Boix D, Gascon S, Comin FA (2014) Taxonomic and functional successional
patterns in macroinvertebrates related to flying dispersal abilities: a case study from isolated
manmade ponds at reclaimed opencast coal mines. Hydrobiologia 732:111-122

Miracle MR, Sahuquillo M, Vicente E (2008) Large branchiopods from freshwater temporary
ponds of Eastern Spain. Verhandlungen der Internationale VerTheor Angewan Limnol
30:501-505

Mlambo MC, Reed CC, Day JA (2009) Overview of temporary wetlands’ macroinvertebrates
assemblages in the Cape Floristic Region, South Africa. In: Fraga, P (ed). International
Conference on Mediterranean Temporary Ponds: Proceedings & Abstracts, Mad, pp 203-213

Mlambo MC, Bird MS, Reed CC, Day JA (2011) Diversity patterns of temporary wetland macro-
invertebrate assemblages in the south-western Cape, South Africa. Afr J Aquat Sci
36:299-308

Mokany A, Wood JT, Cunningham SA (2008) Effect of shade and shading history on species
abundances and ecosystem processes in temporary ponds. Freshw Biol 53:1917-1928

Moubayed-Breil J, Ashe P, Langton PH (2012) Stygocladius multisetosus gen. nov., sp. nov., a
rheophilic element, inhabiting basaltic and karstic helocrenes in France and Algeria (Diptera:
Chironomidae). Fauna Norvegica 31:175-182

Mozley A (1932) A biological study of a temporary pond in Western Canada. Am Nat
66:235-249

Mura G (2004) Structure and functioning of the “egg bank” of a fairy shrimp in a temporary pool:
Chirocephalus ruffoi from Pollino National Park (Southern Italy) as a case study. Int Rev
Hydrobiol 89:35-50

Murray J (1911) The annual history of a periodic pond. Int Rev Gesam Hydrobiol 4:300-310

Nahal I (1981) The Mediterranean climate from a biological view point. In: Di Castri F, Goodal
DW, Specht RL (eds) Ecosystems of the world. II. Mediterranean-type shrublands, Elsevier,
Amsterdam, pp 63-86

Neill WE (1990) Induced vertical migration in copepods as a defense against invertebrate preda-
tion. Nature 345:524-526

Nourisson M, Aguesse P (1961) Cycle annuel des phyllopodes d’une mare temporaire de
Camargue. Bull Soc Zool Fr 86:754-762

O’Neill BJ, Thorp JH (2014) Untangling food-web structure in an ephemeral ecosystem. Freshw
Biol 59:1462-1473

Olson DM, Dinerstein E et al (2001) Terrestrial ecoregions of the world: a new map of life on
earth. BioScience 51:933-938

Otero M, Rossi V, Baltanas A, Menozzi P (1998) Effect of genotype and photoperiod on diapause
strategies in Eucypris virens (Jurine, 1820)(Crustacea: Ostracoda). Arch Hydrobiol Spec Adv
Limnol 52:229-236

Paine RR (1969) The Pisaster-Tegula interaction: prey patches, predator food preference and inter-
tidal community structure. Ecology 50:950-961

Pajunen VI, Pajunen I (2003) Habitat selection in rock pool corixids: the effect of local density on
dispersal. Hydrobiologia 495:73-78

Parekh PA, Paetkau MJ, Gosselin LA (2014) Historical frequency of wind dispersal events and role
of topography in the dispersal of anostracan cysts in a semi-arid environment. Hydrobiologia
740:51-59

Parra G, Jiménez-Melero R, Guerrero F (2005) Agricultural impacts on Mediterranean wetlands:
the effect of pesticides on survival and hatching rates in copepods. Ann Limnol Int J Limnol
41:161-167

Petrusek A, Tollrian R et al (2009) A “crown of thorns” is an inducible defense that protects
Daphnia against an ancient predator. Proc Natl Acad Sci U S A 106:2248-2252



5 Invertebrates of Freshwater Temporary Ponds in Mediterranean Climates 185

Pieri V, Martens K et al (2006) Distribution of recent ostracods in inland waters of Sicily (Southern
Italy). J Limnol 65:1-8

Pinceel T, Vanschoenwinkel B, Uten J, Brendonck L (2013) Mechanistic and evolutionary aspects
of light-induced dormancy termination in a temporary pond crustacean. Freshw Sci
32:517-524

Pinder A, Quinlan K, Cale D, Shiel R (2013) Invertebrate communities and hydrological persis-
tence in seasonal claypans of Drummond Nature Reserve, Western Australia. Gov West
Austral, Dept Parks Wildl

Pyke CR (2005) Interactions between habitat loss and climate change: implications for fairy
shrimp in the Central Valley Ecoregion of California, USA. Clim Change 68:199-218

Quintana XD, Arim M et al (2015) Predation and competition effects on the size diversity of
aquatic communities. Aquat Sci 77:45-57

Rabet N, Clarac F et al (2015) Review of the Eulimnadia (Branchiopoda: Spinicaudata) from
North Africa and adjacent regions, with two new species from Mauritania. Journal of Crustacean
Biology 35:461-472

Rabus M, Waterkeyn A et al (2012) Interclonal variation, effectiveness and long-term implications
of Triops-induced morphological defences in Daphnia magna Strauss. J Plank Res
34:152-160

Rhazi L, Grillas P et al (2012) Vegetation of Mediterranean temporary pools: a fading jewel?
Hydrobiologia 689:23-36

Ribera I, Foster GN, Vogler AP (2003) Does habitat use explain large scale diversity patterns in
European water beetles? Ecography 26:145-152

Richter S, Timms BV (2005) A list of the recent clam shrimps (Crustacea: Laevicaudata,
Spinicaudata, Cyclestherida) of Australia, including a description of a new species of Eocyzicus.
Rec Austral Mus 57:341-354

Ripley BJ, Simovich MA (2009) Species richness on islands in time: variation in ephemeral pond
crustacean communities in relation to habitat duration and size. Hydrobiologia 617:181-196

Robson BJ, Clay CJ (2005) Local and regional macroinvertebrate diversity in the wetlands of a
cleared agricultural landscape in south-western Victoria, Australia. Aquat Conserv Mar Freshw
Ecosys 15:404-414

Robson BJ, Chester ET, Austin CM (2011) Why life history information matters: drought refuges
and macroinvertebrate persistence in non-perennial streams subject to a drier climate. Mar
Freshw Res 62:801-810

Rodriguez MA, Magnan P (1993) Community structure of lacustrine macrobenthos: do taxon-
based and size-based approaches yield similar insights? Can J Fish Aquat Sci 50:800-815

Rodriguez-Rodriguez M (2007) Hydrogeology of ponds, pools, and playa-lakes of southern Spain.
Wetlands 27:819-830

Rogers DC (1998) Aquatic macroinvertebrate occurrences and population trends in constructed
and natural vernal pools in Folsom, California. In: Witham CW (ed). Ecology, Conservation,
and Management of Vernal Pool Ecosystems. California Native Plant Society, pp 224-235

Rogers DC (2014) Anostracan (Crustacea: Branchiopoda) zoogeography I. North American biore-
gions. Zootaxa 3838:251-275

Rogers DC, Hamer M (2012) Two new species of Metabranchipus Masi, 1925 (Anostraca:
Branchipodidae). J Crust Biol 32:972-980

Rogers DC, Weeks SC, Hoeh WR (2010) A new species of Eulimnadia (Crustacea; Branchiopoda;
Diplostraca; Spinicaudata) from North America. Zootaxa 2413:61-68

Rossi V, Menozzi P (1990) The clonal ecology of Heterocypris incongruens (Ostracoda). Oikos
57:388-398

Rossi V, Menozzi P (1993) The clonal ecology of Heterocypris incongruens (Ostracoda): life-
history traits and photoperiod. Funct Ecol 7:177-182

Rouissi M, Boix D et al (2014) Spatio-temporal variability of faunal and floral assemblages in
Mediterranean temporary wetlands. Comptes Rendus Biol 337:695-708

Ruhi A, Herrmann J et al (2012) How do early successional patterns in man-made wetlands differ
between cold temperate and Mediterranean regions? Limnologica 42:328-339



186 D. Boix et al.

Ruhi A, Boix D et al (2013a) Functional and phylogenetic relatedness in temporary wetland inver-
tebrates: current macroecological patterns and implications for future climatic change scenar-
ios. PLoS One 8, e81739

Ruhi A, Boix D et al (2013b) Nestedness and successional trajectories of macroinvertebrate assem-
blages in man-made wetlands. Oecologia 171:545-556

Ruhi A, Chappuis E et al (2014) Environmental filtering determines community patterns in tempo-
rary wetlands: a multi-taxon approach. Hydrobiologia 723:25-39

Rzéska J (1961) Observations on tropical rainpools and general remarks on temporary waters.
Hydrobiologia 17:265-286

Sahuquillo M, Miracle MR (2010) Crustacean and rotifer seasonality in a Mediterranean tempo-
rary pond with high biodiversity (Lavajo de Abajo de Sinarcas, Eastern Spain). Limnetica
29:75-92

Sala J, Gascon S et al (2004) Proposal of a rapid methodology to assess the conservation status of
Mediterranean wetlands and its application in Catalunya (NE Iberian Peninsula). Arch Sci
57:141-151

Samraoui B, Dumont HJ (2002) The large branchiopods (Anostraca, Notostraca and Spinicaudata)
of Numidia (Algeria). Hydrobiologia 486:119-123

Sanchez B, Angeler DG (2007) Can fairy shrimps (Crustacea: Anostraca) structure zooplankton
communities in temporary ponds? Mar Freshw Res 58:827-834

Sancho V, Lacomba JI (eds) (2010) Conservacion y restauracién de puntos de agua para la biodi-
versidad. Generalitat Valenciana, Conselleria de Medi Ambient, Aigua, Urbanisme i Habitatge,
Valéncia

Sawchyn WW, Church NS (1973) The effects of temperature and photoperiod on diapause devel-
opment in the eggs of four species of Lestes (Odonata: Zygoptera). Can J Zool 51:1257-1265

Schneider DW, Frost TM (1996) Habitat duration and community structure in temporary ponds.
J N Am Benthol Soc 15:64-86

Schriever TA, Williams DD (2013) Influence of pond hydroperiod, size, and community richness
on food-chain length. Freshw Sci 32:964-975

Serrano L, Serrano L (1996) Influence of groundwater exploitation for urban water supply on
Temporary Ponds from the Dofiana National Park (SW Spain). J Environ Manage 46:229-238

Silberbush A, Markman S et al (2010) Mosquitoes use hydrocarbons to detect larval predators
when selecting an oviposition site. Ecol Lett 13:1129-1138

Sim LL, Chambers JM, Davis JA (2006a) Ecological regime shifts in salinised wetland systems.
1. Salinity thresholds for the loss of submerged macrophytes. Hydrobiologia 573:89-107

Sim LL, Davis JA, Chambers JM, Strehlow K (2006b) What evidence exists for alternative
ecological regimes in salinizing wetlands? Freshw Biol 51:1229-1248

Sim LL, Davis JA et al (2013) The influence of changing hydroregime on the invertebrate com-
munities of temporary seasonal wetlands. Freshw Sci 32:327-342

Simovich MA (1998) Crustacean biodiversity and endemism in California’s ephemeral wetlands.
In: Witham CW (ed). Ecology, Conservation, and Management of Vernal Pool Ecosystems.
California Native Plant Society, pp 107-118

Simovich MA, Hathaway SA (1997) Diversified bet-hedging as a reproductive strategy of some
ephemeral pool anostracans (Branchiopoda). J Crust Biol 17:38-44

Simovich MA, Davis KB, Bohonak AJ (2013) Landscape homogenization threatens the genetic
integrity of the endangered San Diego fairy shrimp Branchinecta sandiegonensis (Branchiopoda:
Anostraca). J Crust Biol 33:730-740

Solimini AG, Della Bella V, Bazzanti M (2005) Macroinvertebrate size spectra of Mediterranean
ponds with differing hydroperiod length. Aquat Conserv Mar Freshw Ecosyst 15:601-611

Spencer M, Blaustein L (2001) Hatching responses of temporary pool invertebrates to signals of
environmental quality. Isr J Zool 47:397-418

Spencer M, Blaustein L, Schwartz S, Cohen J (1999) Species richness and the proportion of preda-
tory animal species in temporary freshwater pools: relationships with habitat size and perma-
nence. Ecol Lett 2:157-166



5 Invertebrates of Freshwater Temporary Ponds in Mediterranean Climates 187

Stamou GP (1998) Arthropods of Mediterranean-type ecosystems. Springer, Berlin

Stav G, Blaustein L, Margalit Y (2000) Influence of nymphal Anax imperator (Odonata: Aeshnidae)
on oviposition by the mosquito Culiseta longiareolata (Diptera: Culicidae) and community
structure in temporary pools. J Vector Ecol 25:190-202

Stewart RE, Kantrud HA (1972) Vegetation of prairie potholes, North Dakota, in relation to quality
of water and other environmental factors. US Geol Surv Profess Pap 585-D, Washington

Strachan SR, Chester ET, Robson BJ (2014) Microrefuges from drying for invertebrates in a sea-
sonal wetland. Freshw Biol 59:2528-2538

Strachan SR, Chester ET, Robson BJ (2015) Freshwater invertebrate life history strategies for
surviving desiccation. Springer Sci Rev 3:57-75

Sutula MA, Stein ED et al (2006) A practical guide for the development of a wetland assessment
method: the California experience. ] Am Water Resour Assoc 42:157-175

Terzian E (1979) Ecologie des mares temporaires de 1’Isoetion dans la Crau et 1’Esterel (France).
Univ Droit, Econ Sci Aix Marseille, MS Thesis

Thiéry A (1979) Influence de 1’assechement estival sur le peuplement d’insectes aquatiques d’un
marais saumatre temporaire en Crau (Bouches-du-Rhone). Ann Limnol 15:181-191

Thiéry A (1987) Les crustacés Branchiopodes Anostraca, Notostraca & Conchostraca des milieu
limniques temporaires (Dayas) au Maroc. Taxonomie, biogéographie, ecologie. Ph.D. Thesis,
Université Aix-Marseille 111

Thiéry A (1991) Multispecies coexistence of branchiopods (Anostraca, Notostraca & Spinicaudata)
in temporary ponds of Chaouia plain (western Morocco): sympatry or syntopy between usually
allopatric species. Hydrobiologia 212:117-136

Thiéry A (1996) Large branchiopods (Crustacea: Anostraca, Notostraca, Spinicaudata,
Laevicaudata) from temporary inland waters of the Arabian Peninsula. Fauna Saudi Arab
15:37-98

Thiéry A (2004) Macrocrustaceans. In: Grillas P, Gauthier P, Yavercovski N, Perennou C (eds)
Mediterranean temporary pools. Issues relating to conservation, functioning and management,
vol 1. Sta Biologique Tour du Valat, pp 31-33

Timms BV (2002) The fairy shrimp genus Branchinella Sayce (Crustacea: Anostraca:
Thamnocephalidae) in Western Australia, including a description of four new species.
Hydrobiologia 486:71-89

Timms BV (2005) Two new species of Branchinella (Anostraca: Thamnocephalidae) and a reap-
praisal of the B. nichollsi group. Mem Queensland Mus 50:441-452

Timms BV (2006) The large branchiopods (Crustacea: Branchiopoda) of gnammas (rock holes) in
Australia. ] Roy Soc W Austral 89:163-173

Timms BV (2008) Further studies on the fairy shrimp genus Branchinella (Crustacea, Anostraca,
Thamnocephalidae) in Western Australia, with descriptions of new species. Rec W Austral
Mus 24:289-306

Timms BV (2009) A revision of the Australian endemic clam shrimp genus Limnadopsis Spencer
& Hall (Crustacea: Branchiopoda: Spinicaudata: Limnadiidae). Rec Austral Mus 61:49-72

Timms BV (2012) Further studies on the fairy shrimp genus Branchinella (Crustacea: Anostraca:
Thamnocephalidae) in Australia, with descriptions of five new species. Zootaxa 3595:35-60

Timms BV (2013) A revision of the Australian species of Lynceus Miiller, 1776 (Crustacea:
Branchiopoda: Laevicaudata, Lynceidae). Zootaxa 3702:501-533

Timms BV (2014) A review of the biology of Australian halophilic anostracans (Branchiopoda:
Anostraca). J Biol Res Thessaloniki 21:21

Timms BV (2015) Eulimnadia (Branchiopoda: Spinicaudata) in Western Australia: three new spe-
cies and a description of a rediscovered species. J Crust Biol 35:441-453

Timms BV, Richter S (2009) The clam shrimp Eocyzicus (Branchiopoda: Spinicaudata: Cyzicidae)
in Australia. J Crust Biol 29:245-253

Tornero I, Sala J et al (2014) Aquatic macrofauna of Vila Nova de Milfontes temporary ponds, with
the first record of Cyphon hilaris Nyholm, 1944 (Coleoptera: Scirtidae) from Portugal. Boletin
Soc Entomol Aragonesa 55:326-330



188 D. Boix et al.

Trochine C, Modenutti BE, Balseiro EG (2009) Chemical signals and habitat selection by three
zooplankters in Andean Patagonian ponds. Freshw Biol 54:480-494

Tuckett RE, Merrit DJ et al (2010) Dormancy, germination and seed bank storage: a study in sup-
port of ex situ conservation of macrophytes of southwest Australian temporary pools. Freshw
Biol 55:1118-1129

Tulbure MG, Kininmonth S, Broich M (2014) Spatiotemporal dynamics of surface water networks
across a global biodiversity hotspot: implications for conservation. Environ Res Lett 9, e114012

Turki S, Turki B (2010) Copepoda and Branchiopoda from Tunisian temporary waters. Int
J Biodiver Conserv 2:86-97

Underwood EC, Viers JH et al (2009) Threats and biodiversity in the mediterranean biome. Divers
Distrib 15:188-197

US Federal Register (2003) Endangered and threatened wildlife and plants: final designation of
critical habitat for four vernal pool crustaceans and eleven vernal pool plants in California and
Southern Oregon: final rule. Federal Register 68:46684-46762

US Fish and Wildlife Service (2008) Riverside Fairy Shrimp (Streptocephalus woottoni) 5-Year
Review: Summary and Evaluation. Carlsbad Office

Valdecasas AG, Camacho Al, Bello E (1992) Small water bodies. A neglected resource for aquatic
invertebrate conservation. In: Conserving and Managing Wetlands for Invertebrates, Council
Europe, Vaduz, pp 25-27

Valls L, Castillo-Escriva, A et al. (in press) Human-mediated dispersal of aquatic invertebrates
with waterproof footwear. Ambio

Van de Meutter F, Stoks R, De Meester L (2008) Size-selective dispersal of Daphnia resting eggs
by backswimmers (Notonecta maculata). Biol Lett 4:494-496

van den Broeck M, Waterkeyn A et al (2015a) Assessing the ecological integrity of endorheic
wetlands, with focus on Mediterranean temporary ponds. Ecol Indic 54:1-11

van den Broeck M, Waterkeyn A, Rhazi L, Brendonck L (2015b) Distribution, coexistence, and
decline of Moroccan large branchiopods. J Crust Biol 35:355-365

Vanschoenwinkel B, Waterkeyn A et al (2008) Dispersal of freshwater invertebrates by large ter-
restrial mammals: a case study with wild boar (Sus scrofa) in Mediterranean wetlands. Freshw
Biol 53:2264-2273

Vanschoenwinkel B, Hulsmans A et al (2009) Community structure in temporary freshwater pools:
disentangling the effects of habitat size and hydroregime. Freshw Biol 54:1487-1500

Velasco J, Milldn A (1998) Insect dispersal in a drying desert stream: effects of temperature and
water loss. Southw Natur 43:80-87

Villagran-Mella R, Aguayo M, Parra LE, Gonzdlez A (2006) Relacion entre caracteristicas del
hébitat y estructura del ensamble de insectos en humedales palustres urbanos del centro-sur de
Chile. Revista Chilena de Historia Natural 79:195-211

Walton WE, Tietze NS, Mulla MS (1991) Consequences of tadpole shrimp predation on mayflies
in some Californian ponds. Freshw Biol 25:143-154

Waterkeyn A, Grillas P et al (2009) Assemblage structure and dynamics of large branchiopods in
Mediterranean temporary wetlands: patterns and processes. Freshw Biol 54:1256-1270

Waterkeyn A, Vanoverbeke J, Van Pottelbergh N, Brendonck L (2011a) While they were sleeping:
dormant egg predation by Triops. J Plank Res 33:1617-1621

Waterkeyn A, Grillas P et al (2011b) Can large branchiopods shape microcrustacean communities
in Mediterranean temporary wetlands? Mar Freshw Res 62:46-53

Waterkeyn A, Van Pottelbergh N et al (2013) Constitutive but no Triops-induced differences in
bet-hedging strategies for hatching in Daphnia. Hydrobiologia 715:29-35

Wellborn GA, Skelly DK, Werner EE (1996) Mechanisms creating community structure across a
freshwater habitat gradient. Annu Rev Ecol Syst 27:337-363

Wiggins GB, Mackay RJ, Smith IM (1980) Evolutionary and ecological strategies of animals in
annual temporary pools. Arch Hydrobiol Suppl 58:97-206

Wilcox C (2001) Habitat size and isolation affect colonization of seasonal wetlands by predatory
aquatic insects. Isr J Zool 47:459-476



5 Invertebrates of Freshwater Temporary Ponds in Mediterranean Climates 189

Williams DD (1983) The natural history of a Nearctic temporary pond in Ontario with remarks on
continental variation in such habitats. Int Rev Gesam Hydrobiol 68:239-253

Williams DD (1996) Environmental constraints in temporary fresh waters and their consequences
for the insect fauna. J N Am Benthol Soc 15:634-650

Williams DD (2006) The biology of temporary waters. Oxford Univ Press, Oxford

Williams WD (1968) The distribution of Triops and Lepidurus (Branchiopoda) in Australia.
Crustaceana 14:119-126

Williams WD (1975) A note on the macrofauna of a temporary rainpool in semi-arid Western
Australia. Austral J] Mar Freshw Res 26:425-429

Williams WD (1981) Inland salt lakes: an introduction. Hydrobiologia 81:1-14

Witham CW (ed) (1998) Ecology, conservation, and management of vernal pool ecosystems.
California Native Plant Society, Sacramento

Yaron Z (1964) Notes on the ecology and entomostracan fauna of temporary rainpools of in Israel.
Hydrobiologia 24:489-513

Yee DA, Taylor S, Vamosi SM (2009) Beetle and plant density as cues initiating dispersal in two
species of adult predaceous diving beetles. Oecologia 160:25-36

Zacharias I, Zamparas M (2010) Mediterranean temporary ponds. A disappearing ecosystem.
Biodiv Conserv 19:3827-3834

Zacharias I, Dimitriou E, Dekker A, Dorsman E (2007) Overview of temporary ponds in the
Mediterranean region: threats, management and conservation issues. J Environ Biol 28:1-9

Zacharias I, Parasidoy A et al (2008) A “DPSIR” model for mediterranean temporary ponds:
European, national and local scale comparisons. Ann Limnol Int J Lim 44(4):253-266

Zedler PH (1987) The ecology of southern California vernal pools: a community profile (No.
NP-7900890). San Diego State Univ., CA (USA). Dept. of Biology, Fish and Wildlife Service,
Slidell, LA (USA). National Wetlands Research Center

Zedler PH (2003) Vernal pools and the concept of “isolated wetlands”. Wetlands 23:597-607



	Chapter 5: Invertebrates of Freshwater Temporary Ponds in Mediterranean Climates
	Introduction to Mediterranean Temporary Ponds
	Long Known But Neglected Until Recently
	 Mediterranean Biome: The Five Mediterranean Regions
	 Climate: Hot Dry Summers and Mild Winters
	 Hydrology

	 Invertebrate Assemblages of Mediterranean Temporary Ponds
	Large Branchiopods: Flagship Invertebrate Species of Mediterranean Temporary Ponds

	 Dynamics of Invertebrate Assemblages of Mediterranean Temporary Ponds
	Key Environmental Factors
	 Seasonal Succession
	Successional Phases
	 Mediterranean Versus Cold-Temperate Regions
	 Trait-Based Groups During Succession

	 Dry Period: Drought Resistance and Dispersal
	 Predation, Competition, and Trophic Webs

	 Conservation and Management of Mediterranean Temporary Ponds
	 Appendix 1
	 Appendix 2
	References


