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Abstract Changes in zooplankton microhabitat use

in lakes through diel migrations (vertical and horizon-

tal) have been related to habitat heterogeneity and to

predation pressure, among other factors. However,

there is a controversy concerning the effectiveness of

diel migrations in temporary ponds, due to the

shallowness of these systems and their distinct aquatic

predator communities (mainly macroinvertebrates and

amphibians). In order to test if diel microhabitat

selection patterns described from lakes hold in tempo-

rary ponds, we developed a study using funnel traps at

different zones of the pond (high and low vegetation

density; surface and bottom of the pond) that were

checked during the day and at night. Additionally, we

assessed predation risk by sampling the macroinver-

tebrate community at the same time. In the studied

Mediterranean temporary pond, zooplankton exhibited

diel patterns of microhabitat selection: cladocerans

showed a diel horizontal pattern, whereas copepods

showed a diel vertical pattern. Results suggest that

microhabitat selection and the associated diel pattern

may be explained by both biological (potential preda-

tion) and environmental drivers (habitat heterogeneity

and protection against ultraviolet radiation).

Keywords Microhabitat selection � Temporary

ponds � Macrophytes � Predation � Habitat
heterogeneity

Introduction

The conservation interest of temporary ponds is being

increasingly recognized, with recent studies reporting

high levels of floral and faunal diversity (e.g. Boix

et al., 2001; Bagella & Caria, 2012; Rouissi et al.,

2014). The singularity of these biotas is explained by

the environmental constraints imposed by the alternate

phases of drought and flooding; as a consequence,

species are adapted to short cycles and a high

variability in hydroperiod length (Grillas et al.,

2004). However, biological (e.g. predation) and envi-

ronmental factors other than hydroperiod length (e.g.

habitat heterogeneity) also have major influences on

faunal community structure in these ecosystems, and

may differ from those prevalent in permanent ponds

(Wellborn et al., 1996).

In lakes, zooplankton spatial structure depends on

habitat heterogeneity and predation, among other
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factors such as light, temperature, dissolved oxygen,

and pH (e.g. Timms & Moss, 1984; Lampert, 1993;

Schriver et al., 1995; Lauridsen & Buenk, 1996; Burks

et al., 2001a, 2002). Zooplankton is known to seek

refuge in structurally complex habitats such as

macrophytic beds, or in dark deep habitats, to avoid

fish predation. However, zooplankton resources

(mainly phytoplankton) are found in structurally

simple habitats (i.e. macrophyte-free or with low

macrophyte densities), or near the pond surface. Thus,

zooplankton is usually found in vegetated habitats or

at depth during the day to avoid visual predators,

migrating to resource-rich open waters or near the

surface at night. Therefore, freshwater zooplankton

can show two different diel patterns: (i) diel horizontal

patterns of microhabitat selection (DHMS) between

macrophytic refuge and open waters; and (ii) diel

vertical patterns of microhabitat selection (DVMS)

between deep and surface waters. However, the

generality of this framework is under discussion.

Some recent studies have pointed out that in lakes with

small zooplanktivorous fishes, these predators often

show an affinity for macrophytic habitats, and there-

fore macrophytes are a poor refuge to zooplankton

(Meerhoff et al., 2006; Meerhoff et al., 2007a;

González-Sagrario & Balseiro, 2010). This could also

apply to temporary ponds, since they present different

abiotic (i.e. shallowness of the basin) and biotic

characteristics (i.e. different main predators) than

most lakes.

High zooplankton predation risk has sometimes

been reported from temporary and ephemeral ponds

(Brendonck et al., 2002;Boix et al., 2006), but there is a

consensus that temporary environments generally

present lower predation risk than permanent habitats

(Schneider & Frost, 1996; Wellborn et al., 1996). In

permanent freshwaters, top predators are usually

fishes, but the dry phase of temporary ponds normally

excludes this group (although some exceptions exist;

e.g. Laufer et al., 2009; Pinceel et al., 2015). In

contrast, some amphibian and macroinvertebrate

predators are adapted to the alternating dry and aquatic

phases of temporary ponds (Boix et al., 2006;Blaustein

et al., 2014). Therefore, the role that top predator

amphibians and macroinvertebrates play in temporary

waters may be analogous to that of fish in permanent

ponds. However, some studies (Zimmer et al., 2001;

Brucet et al., 2010) suggest that predation effects of top

predator amphibians and macroinvertebrates on

zooplankton may differ from effects of fish, as

measured by species composition, size diversity, and

zooplankton biomass.

It has been described that manymacroinvertebrates,

including predators, show high affinities for macro-

phytic habitats (Della Bella et al., 2005; Bazzanti et al.,

2010), which implies that vegetated areas are not

always predation-free (MacIsaac & Hutchinson, 1985;

González-Sagrario & Balseiro, 2003). As a conse-

quence, a relatively higher structural complexity of

macrophytes in temporary habitats may not offer

valuable refuge to zooplankton, similarly to what has

been observed in lakes with small zooplanktivorous

fishes that have high affinities for macrophytes (Meer-

hoff et al., 2007a; González-Sagrario & Balseiro,

2010). Recent studies report diel horizontal migrations

of zooplankton in fishless permanent and temporary

ponds with invertebrate predators (e.g. Turbellaria,

Notonectidae, Chaoborus; Gilbert & Hampton, 2001;

Trochine et al., 2009; Riemer, 2012). Overall, the

effectiveness of zooplankton DHMS to avoid preda-

tion in temporary ponds is still controversial.

This controversy also affects DVMS, as several

studies suggest that in temporary ponds, diel vertical

migrations and DVMS may be less efficient due to

reduced depths (relative to lakes) that allow light to

reach the bottom of the pond (Jeppesen et al., 1997;

Burks et al., 2002). However, other studies have found

that shallow lakes (with and without fish) and tempo-

rary ponds can be inhabited by zooplankton groups

that perform diel vertical migrations and DVMS, in

accordance with the lake framework (Gilbert &

Hampton, 2001; Cerbin et al., 2003, Alajärvi &

Horppila, 2004; Trochine et al., 2009).

Here, we investigated if diel microhabitat selection

in temporary ponds may be used by zooplankton as a

strategy to reduce predation pressure in these ecosys-

tems. We carried out a study in a Mediterranean

temporary pond where macroinvertebrates are the

main predator group. We focused the study on two

major factors: habitat (high vs. low density of

macrophytes) and depth (surface vs. bottom of the

pond). We used funnel traps to test if zooplankton

distribution differed among habitats, depths and time

of the day. We predicted that (i) the distribution of

zooplankton would be generally explained by the

distribution of macrophytes, with zooplankton avoid-

ing macrophytes habitat to reduce predation risk. We

also predicted that (ii) zooplankton would not show a
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clear diel microhabitat selection, since temporary

ponds are probably too shallow to allow DVMS and

predator-rich macrophytes are unlikely to provide

refuge to zooplankton (thus defeating the purpose of

DHMS). Additionally, as body size determines trophic

interactions (Compte et al., 2012), we expected that

community parameters based on body size would be

affected by variation in microhabitat selection. Size

diversity has been proposed as an estimate of body-

size structure (Quintana et al., 2008), and previous

studies have suggested that size diversity is more

sensitive to biological interactions than community

parameters that rely on species composition (Badosa

et al., 2007; Quintana et al., 2015).

Materials and methods

Study site

The study took place in a temporary pond located on

the Empordà plain (near Albera mountain range), in

the NE Iberian Peninsula (4282304500N, 285403500E)
(Fig. 1). The climate at the study site is Mediter-

ranean, with rainy periods occurring in autumn and

spring, hot summers and mild winters. The hydrope-

riod usually begins by late autumn and ends at late

spring (Ribera et al., 1994; Font & Vilar, 1998). The

pond is located at 172 m a.s.l., has a maximum size of

0.59 ha and a maximum depth of 1.2 m. Two habitats

were identified according to macrophyte density: a

high macrophyte-density habitat (HM; 1.31 g dry

weight m-2) in the centre and a low macrophyte-

density habitat (LM; 0.31 g dry weight m-2), in the

littoral zone. LM habitats were shallower than HM

ones (LM = 0.5 m, HM = 1 m). The most abundant

plant species in both habitats were submerged:

Ranunculus aquatilis L., Ranunculus ophioglossi-

folius Vill., Persicaria amphibia (L.) Gray and

Schoenoplectus lacustris (L.) Palla.

Sampling design

The study took place in April 2011. Before installing

the funnel traps setup, we measured water temper-

ature (�C), conductivity (mS cm-1) and dissolved

oxygen (%) in situ in each zone of the pond: HM-

surface, HM-bottom, LM-surface and LM-bottom.

We installed twenty funnel traps in the pond to

capture zooplankton. The traps were similar to those

used in studies about microcrustaceans dynamics in

lakes (Whiteside, 1974; Beladjal et al., 1992; Tremel

et al., 2000). Each trap was a 500-ml transparent

plastic container (30 cm length, 8 cm diameter)

Fig. 1 Sketch map of the

study site and distribution of

sampling traps in the pond.

Twenty funnel traps were

fixed at different depths

(pond surface and bottom)

and habitats of the pond (low

macrophyte-density littoral

habitat, LM; high

macrophyte-density central

habitat, HM). PNA: Natural

Zone of Declared National

Interest of the Albera
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equipped with an inverse-funnel opening (2 cm

diameter). We placed a set of traps at different

depths by attaching the traps to an iron bar fixed to

the pond bottom in order to study DVMS: one trap

was fixed at 10 cm below the water surface, and the

other at 10 cm above the bottom of the pond (Fig. 1).

To study DHMS, we installed sets of traps at 5 LM

sampling points and at 5 HM sampling points. Traps

were active during two 10-h periods and were always

oriented following the same direction: the traps in

LM were oriented towards the centre of the pond, and

the traps in HM were oriented towards the littoral.

The first period (from 10 a.m. to 8 p.m) was used to

detect the position of zooplankton during the day,

and the second period (from 10 p.m. to 8 a.m.) was

used to detect the position of zooplankton at night.

We repeated the study three times, spaced 3 days

each to reduce sampling disturbance effects. Traps

were uninstalled and installed again at the same site

for each run. All runs were done under similar

weather conditions (sunny weather). After each 10-h

period (1 h after dawn and dusk), we preserved the

zooplankton captured in the traps in ethanol 96%.

We subsequently counted, measured and identified

the individuals using a stereomicroscope and a

microscope. We identified each zooplankton speci-

men to species level, except for rotifers (identified to

genus level), copepodites (identified to order:

calanoids, cyclopoids or harpacticoids) and nauplii

(not identified further). We considered the different

developmental stages of copepods as separated

items.

We sampled macroinvertebrates and amphibians to

quantify spatial and temporal variation in predation

risk. We collected five samples at each zone (HM-

surface, HM-bottom, LM-surface and LM-bottom),

next to where the traps were installed, at 11 a.m. and

11 p.m. on days following the zooplankton sampling.

The sampling procedure consisted of a 3-m transect

using a 22-cm diameter dip net (250-lm mesh size).

We stored and counted the macroinvertebrates and

amphibian larvae to obtain densities (individuals

m-2). Using a stereomicroscope, we identified

amphibians to species level, whereas macroinverte-

brates were identified to family level, except for

Dytiscidae and Chironomidae (identified to subfamily

level), and Turbellaria (not identified further). No

adult amphibians were killed; instead, they were

identified, measured and released immediately. We

only considered predator macroinvertebrates (classi-

fied after Tachet et al., 2000; Monakov, 2003) in our

analyses.

Data analysis

First, to evaluate differences in physical and chemical

parameters between day and night in each pond habitat

(HM or LM) and depth (bottom or surface), we

performed analyses of variance (ANOVAs). We used

ANOVAs because only one replicate per zone was

available, and we considered the different sampling

days as replicates. Whenever significant results were

obtained, we performed Tukey post hoc multiple

comparison tests to identify differences between zones

and between day and night. ANOVAs and post hoc

tests were performed using SPSS 15.

Second, we tested whether the abundance of each

zooplankton taxa and each macroinvertebrate predator

family differed between day and night, for each pond

depth and habitat. We also analysed the variation of

zooplankton abundance, grouping them in five func-

tional groups: calanoids, cyclopoids, harpacticoids,

cladocerans (all cladocerans present in the pond

belong to the phytophilous functional group) and

microfilterers (rotifers and nauplii). We used linear

mixed-effects models (LME) to test for these differ-

ences. LME models are recommended when dealing

with repeated measures in ecological studies, present-

ing several advantages over repeated measures

ANOVA (Wang & Goonewardene, 2004; Wainwright

et al., 2007; Ma et al., 2012). These models allow a

greater flexibility in modelling covariance structures, a

better capability to handle missing observations and

are more efficient when the number of samples and

measures across times are small. In order to avoid

pseudoreplication, we considered sampling day as a

random effect. The different habitats, depths and times

(day or night), as well as double interactions (habitat-

time and depth-time), were included as explanatory

variables (fixed effects). Interaction terms were inter-

preted first, and the main factors were only interpreted

if they were not included in a significant interaction.

Thus,

(1) a significant habitat-time interaction (mean-

ing that the horizontal distribution of a taxa

differed over time) was interpreted as differ-

ent DHMS.
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(2) a significant depth-time interaction (meaning

that the vertical distribution of a taxa differed

over time) was interpreted as different DVMS.

(3) no significant interaction (meaning that the

distribution of a taxa was invariant over time)

combined with habitat factor being significant

was interpreted as microhabitat selection dif-

fering between HM and LM.

(4) no significant interaction combined with the

depth factor being significant was interpreted as

microhabitat selection differing between sur-

face and bottom.

(5) no significant interaction combined with neither

habitat and depth factors being significant was

interpreted as no microhabitat selection.

We performed LME models using the ‘‘lme’’

function in the nlme package (Pinheiro et al., 2007),

written in R (R Development Core Team, 2014).

Species with low abundance (total abundance\100

individuals) were not included in the analyses of diel

patterns and microdistribution.

Finally, to assess the microhabitat selection at the

community level we calculated the following commu-

nity parameters: zooplankton diversity, size diversity,

zooplankton richness and total abundance. We esti-

mated the zooplankton diversity with the Shannon–

Wiener index (Pielou, 1969) using abundances. We

determined size diversity with the Kernel estimation

(Quintana et al., 2008) using the free software available

at www.limnolam.org. We calculated total abundance

as the sum of all organisms’ abundances in a given

sample. To calculate size diversity we used biomass,

which is estimated using published length–weight

relationships: Malley (1989) for copepods (nauplii,

copepodites and adults), cladocerans and the rotifer

Keratella sp. Bory de St. Vincent, 1822; Dumont et al.

(1975) for Simocephalus vetulus (Müller, 1776) and

Ruttner-Kolisko (1977) for other rotifers. To check for

differences in parameters between day and night for

each depth and habitat sampled, we used further LME

models following the same procedure described above.

Results

Conductivity was similar across all pond habitats and

depths (Table 1). Temperature was similar in all

zones, although it was significantly higher at night in

surface and LM zones, than in HM in bottom zones

during either the day or at night. Dissolved oxygen was

similar across all pond zones except for HM in bottom

zones, where it was significantly lower than in the rest

of zones during both day and night.

Fourteen zooplankton taxa were identified, includ-

ing five copepods, five cladocerans and four rotifers.

Nauplii and three copepodite orders (calanoids,

cyclopoids or harpacticoids) were also identified as

different taxa. However, Hemidiaptomus roubaui

(Richard, 1888), Testudinella sp. Bory de St. Vincent,

1826 and Brachionus sp. Pallas, 1776 were not

included in the analyses of diel patterns of microhab-

itat selection due to their low abundances.

Zooplankton taxa were classified into four groups

according to their microhabitat selection (Table 2).

The first group (nauplii, Canthocamptus staphylinus

(Jurine, 1820), Acanthocyclops americanus (Marsh,

1892), Chydorus sphaericus (Müller, 1776), Corona-

tella rectangula (Sars, 1862) and Hexarthra sp.

Schmarda, 1854) did not show a diel pattern but had

differences in habitat preferences. The rotifer Hexar-

thra sp. and A. americanus were distributed similarly

throughout the pond, indicating a lack of microhabitat

preference. In contrast, nauplii and C. rectangulawere

more abundant in surface and LM zones. Instead, C.

sphaericus was more abundant at the bottom and C.

staphylinus was more abundant in HM in bottom

zones. The second group (Table 2) showed DVMS

and was only represented by copepods (copepodites of

calanoids and harpacticoids, Mixodiaptomus kupel-

wieseri (Brehm, 1907) and Diacyclops bicuspidatus

(Claus, 1857)). These taxa were mainly located at the

bottom of the pond during the day, and were mainly

observed at the surface (copepodites of calanoids, M.

kupelwieseri and D. bicuspidatus) or across all zones

(copepodites of harpacticoids) during the night. The

third group (Table 2) presented DHMS. This group

was composed of cladocerans (S. vetulus and Treto-

cephala ambigua (Lilljeborg, 1901)), cyclopoid cope-

podites and the rotifer Keratella sp. During the day,

cladocerans and Keratella sp. were located in the LM,

and copepodites of cyclopoids were equally found in

LM and HM. However, at night all taxa in this group

were mainly observed in the HM. Finally, the clado-

ceran Alonella excisa (Fischer, 1854) showed a

combination of vertical and horizontal changes in

distribution. This planktonic taxa was relatively more

abundant in LM and surface zones during the day,
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whereas at night was similarly found at both depths in

the HM.

When zooplankton were analysed in functional

groups, results were similar (Table 3). Microfilterers

were found in surface but they did not present diel

patterns of habitat selection. Calanoids showed

DVMS, while cladocerans displayed DHMS. When

all cyclopoids were grouped, they showed both DVMS

and DHMS. During the day they were mostly found in

LM and depth, while at night they preferred HM and

surface. Finally, when all harpacticoids were grouped

they showed a triple interaction, where during the day

they were found in HM and depth, and at night they

inhabited in HM throughout all the water column.

The main predators of the pond were macroinver-

tebrates, although larvae and adults of the marbled

newt Triturus marmoratus (Latreille, 1800) were

found as well (mean ± SD individuals per tran-

sect = 1.45 ± 2.76). Microturbellarians were the

most abundant predator, followed by Libellulidae,

Hydroporinae and Tanypodinae. Other coleopterans

(Dytiscinae, Colymbetinae, Gyrinidae, Hygrobiidae

and Hydrophilidae), heteropterans (Corixidae,

Notonectidae and Naucoridae) and odonates (Lestidae

and Aeshnidae) were present as well, though in lower

densities. None of the predator taxa showed diel

patterns of microhabitat selection. Therefore, we

considered all predators as a single group. Overall,

predators were more abundant in the HM than in the

LM (LME, F1,115 = 16.37; P\ 0.01) and at the

bottom than near the surface (LME, F1,115 = 152.50;

P\ 0.01) (Fig. 2).

Finally, zooplankton community parameters dif-

fered significantly among zones (Fig. 3). Zooplankton

diversity and richness were higher in the HM than LM,

while size diversity was higher at the surface (coin-

ciding with lower predator densities) than at the

bottom. Total abundance was the only parameter that

differed among zones and times, being higher in the

LM during the day and in the HM at night (Fig. 3).

Discussion

Our study shows that in Mediterranean temporary

ponds, zooplankton can exhibit diel patterns of micro-

habitat selection to reduce exposure to predators.

Therefore, our results confirm the existence of diel

migrations (horizontal and vertical) in temporary ponds,

although these migrations are different from those

observed in other shallow lakes and temporary ponds.

We found that most cladocerans and the rotifer

Keratella sp. presented a DHMS, and in the case of

cladocerans, this DHMS was opposite to that reported

from shallow lakes or temporary ponds elsewhere.

During the day, cladocerans and Keratella sp. avoided

areas of high macrophyte densities but at night they

were more abundant in these habitats. The microhab-

itat selection we observed is likely a strategy to avoid

predators that are common in macrophytic habitats.

Predation risk is probably high in these habitats

(MacIsaac & Hutchinson, 1985; González-Sagrario &

Balseiro, 2003) due to high abundances of micro-

turbellarians and visual predators in our case. Some

Table 1 Mean values (± SD) of physical water characteristics in the three sampling days for the different pond habitats and depths

Temperature (8C) Conductivity (lS cm-1) Dissolved oxygen (%)

DLMS 18.00 (±2.05)ab 98.50 (±4.48)a 58.60 (±1.07)a

DLMB 17.20 (±1.68)ab 99.23 (±4.85)a 55.73 (±0.39)a

DHMS 17.70 (±2.17)ab 98.53 (±6.06)a 61.10 (±0.57)a

DHMB 15.67 (±1.00)a 104.43 (±9.19)a 11.43 (±0.72)b

NLMS 21.63 (±1.36)b 100.43 (±5.88)a 80.03 (±0.68)a

NLMB 19.10 (±2.33)ab 100.17 (±6.06)a 42.83 (±2.44)ab

NHMS 20.47 (±1.94)ab 99.13 (±6.28)a 79.00 (±0.23)a

NHMB 16.27 (±0.98)a 98.20 (±5.51)a 12.87 (±0.96)b

DLMS day, low macrophyte-density littoral habitat, surface, DLMB day, low macrophyte-density littoral habitat, bottom, DHMS day,

high macrophyte-density central habitat, surface, DHMB day, high macrophyte-density central habitat, bottom, NLMS night, low

macrophyte-density littoral habitat, surface; NLMB night, low macrophyte-density littoral habitat, bottom, NHMS night, high

macrophyte-density central habitat, surface, NHMB night, high macrophyte-density central habitat, bottom. Parameters with the same

superscripted letter (a or b) did not differ significantly among zones (P\ 0.05, Tukey post hoc test)
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Table 2 Scheme showing species abundance distribution and linear mixed model results

No diel differences

t-Student df p-valuesuoenego
moH

noitubirtsid

A. americanus
0.41 114 0.67

-0.26 114 0.78Depth
Habitat

Hexarthra sp. 
<0.01 114 0.99
0.98 114 0.33Depth

Habitat

tatibaH
dna

htpeD

Nauplii 
2.63 113 0.01
6.87 113 <0.01Depth

Habitat

C. rectangula
2.54 115 0.01
2.22 115 0.02Depth

Habitat

C. staphylinus 
-8.19 113 <0.01
-5.11 113 <0.01Depth

Habitat

C. sphaericus -2.67 114 0.01htpeD

Depth
Habitat 0.13 114 0.89

No diel differences

t-Student df p-valuesuoenego
moH

noitubirtsid

A. americanus
0.41 114 0.67

-0.26 114 0.78Depth
Habitat

Hexarthra sp. 
<0.01 114 0.99
0.98 114 0.33Depth

Habitat

tatibaH
dna

htpeD

Nauplii 
2.63 113 0.01
6.87 113 <0.01Depth

Habitat

C. rectangula
2.54 115 0.01
2.22 115 0.02Depth

Habitat

C. staphylinus 
-8.19 113 <0.01
-5.11 113 <0.01Depth

Habitat

C. sphaericus -2.67 114 0.01htpeD

Depth
Habitat 0.13 114 0.89

Diel differences

DV
M

S
DH

M
S

t-Student df p-value

Calanoid copepodites 2.57 113 0.01

Day Night

M. kupelwieseri 5.76 112 <0.01

D. bicuspidatus 4.74 113 <0.01

Harpac�coid
copepodites

1.99 113 0.05

A. excisa -2.60 112 0.01

S. vetulus -2.80 112 0.01
T. ambigua -3.16 113 <0.01

Keratella sp. -2.47 112 0.01

Cyclopoid  
copepodites

-2.61 113 0.01

-3.95 112 <0.01

Depth x �me

Depth x �me

Depth x �me

Depth x �me

Depth x �me

Habitat x �me
Habitat x �me

Habitat x �me

Habitat x �me

Habitat x �me

S
MVD

+ 
DH

M
S

Shading represents differences in abundances: black indicates higher abundance, white lower abundance, and grey no significant

differences between the analysed areas (due to depth or habitat discrimination). DVMS diel vertical pattern of microhabitat selection,

DHMS diel horizontal pattern of microhabitat selection
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turbellarians can detect prey using non-visual signals

(such as hydrodynamic signals, Trochine et al., 2005),

making macrophytes a poor structural refuge for prey.

For example, Pickavance (1971) found that the prey

capture efficiency of Girardia tigrina (Girard, 1850)

was not strongly affected by the presence of a

structural refuge (e.g. leaves), while De Silva (1976)

and MacIsaac & Hutchinson (1985) found that zoo-

plankton predation rates of Mesostoma lingua (Abil-

dgaard, 1789) and Dendrocoelum lacteum (Müller,

1774) actually increased in more complex sites (e.g.

areas with plants). Additionally, visual predators

associated with high macrophyte-density zones, such

as newts and dragonflies (Martin et al., 1974; Crespo,

2011), are inefficient at capturing cladocerans in

vegetated habitats (Burks et al., 2001b). This would

explain why cladocerans and Keratella sp. were

mainly present in the LM during the day, as they

were able to find refuge in the bare sediment of the LM

habitat and migrate to macrophytic habitats at night in

search of resources (Burks et al., 2002). The prefer-

ence of open sediment habitats by cladocerans has

been described from subtropical lakes (see Meerhoff

et al., 2007b) and in laboratory experiments (using

species characteristic of Mediterranean wetlands;

Tavşanoğlu et al., 2012). Finally, DHMS by zoo-

plankton could owe to the fact that in ponds with

transparent water and emergent vegetation may not

provide sufficient refuge from predators (Nurminen &

Horppila, 2002; Romare et al., 2003). However, this

did not seem to be the case in our study, since

submerged plants (mainly Ranunculus spp.) domi-

nated vegetation communities of the studied pond.

The fact that only cladocerans, cyclopoid cope-

podites and the rotifer Keratella sp. presented DHMS

may be explained by different responses among

different zooplankton groups to microturbellarians,

the most abundant predator group. Microturbellarians

may have greater effects on cladocerans than cope-

pods due to their relatively low efficiency in capturing

copepods in macrophytic habitats as well as a higher

effect of their neurotoxins on cladocerans (Schwartz &

Hebert, 1986; Rocha et al., 1990; Blaustein &

Dumont, 1990 and references therein; Trochine

Table 3 Scheme showing functional group abundance distribution and linear mixed model results

t-Student df p-value

htpeD

Microfilterers 7.02 116 <0.01Depth

S
MVD

S
MHD

Calanoids 4.81 113 <0.01

Day Night

Cladocerans -3.81 113 <0.01

Depth x �me

Habitat x �me

Harpac�coids -2.17 110 0.03

Cyclopoids
-2.65 112 <0.01

Depth x habitat
x �me

Habitat x �me

S
MVD

+ 
S

MHD

4.46 112 <0.01Depth x �me

Shading represents differences on abundances: black indicates higher abundances, white lower abundances. DVMS diel vertical

pattern of microhabitat selection, DHMS diel horizontal pattern of microhabitat selection
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et al., 2005, 2006). This could explain why cladocer-

ans, but not copepods, responded to the presence of

microturbellarians through habitat selection. How-

ever, cyclopoid copepodites did present DHMS. It has

been described that predation by the turbellarian

Mesostoma ehrenbergii (Focke, 1836) on females of

the cyclopoid Acanthocyclops robustus (Sars, 1863)

may be similar in habitats with and without macro-

phyte structure, but lower under intermediate levels of

macrophyte density (Trochine et al., 2006). Therefore,

macrophytes are likely not a good refuge from

predation for cyclopoids. Accordingly, cyclopoid

copepodites did not show habitat selection during the

day; however, they migrated to HM habitats at night,

when visual predators are less effective and hence

predation pressure is lower. In the case of Keratella

sp., diel horizontal migrations to avoid predation have

been previously described from subtropical lakes (José

de Paggi et al., 2012): during the day Keratellamay be

found in vegetated areas but may move to open waters

at night. Since in our study potential predation

pressure was higher in HM, we suggest that Keratella

showed an ‘‘inverse’’ diel horizontal pattern of

microhabitat selection to minimize exposure to

predators.

We detected DVMS for some copepods (mainly

calanoids), similar to the diel vertical distributions

described from shallow lakes and other temporary

ponds where macroinvertebrates are the dominant

predators (e.g. Gilbert & Hampton, 2001; Trochine

et al., 2009). The observed DVMS could be explained

by two non-mutually exclusive causes: predation and

ultraviolet radiation. With regards to predation, preda-

tor cues in the water can trigger diel vertical migration

as a defence mechanism against predation (Dawid-

owicz et al., 1990; Neill, 1990). Therefore, even if

predators were mainly macrophyte-dwelling macroin-

vertebrates, and the pond was not deep enough to

provide suitable refuge, copepods could perform

DVMS as a response to such predator cues. Another

plausible explanation is that copepods may need to

reduce exposure to harmful ultraviolet radiation

(Williamson et al., 2011). Recent studies have sug-

gested that during daylight hours, marine and fresh-

water zooplankton may move to greater depths to

avoid ultraviolet radiation and then back to the surface

at night (Boeing et al., 2004; Williamson et al., 2011).

Tolerance of ultraviolet radiation may differ among

zooplankton groups (Leech &Williamson, 2000). The

fact that high sensitivity to UV radiation has been

reported in some calanoid species (Williamson et al.,

1994) could explain why calanoid copepods exhibited

DVMS in our experiment. Both mechanisms (preda-

tion and ultraviolet radiation) may be mediated by

water turbidity (e.g. Nurminen et al., 2008). Although

we did not measure this variable, qualitative observa-

tions throughout our study suggest that the water

transparency was high since the bottom of the pond

was always visible and water was visually transparent.

Total abundance was the only community param-

eter that differed between day and night, coinciding

with the microhabitat selection of cladocerans. Zoo-

plankton diversity and richness were higher in HM
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throughout all samples, which could be caused by

higher resource availability (bacterioplankton or peri-

phyton) in the macrophytic habitat (Burks et al.,

2002). Changes in zooplankton diversity, richness and

total abundance could be explained by the afore-

mentioned environmental factors (resource and

refuge) but also by biological interactions (predation).

Size diversity did not change over time, but it was

dependent on water depth, coinciding with predation

pressure (size diversities were higher at the surface,

where predation risk was lower). This result agrees

with previously reported negative relationships

between predation pressure and zooplankton size

diversity (Brucet et al., 2010). Our study suggests that

size diversity may be more sensitive to biological

interactions than parameters such as taxa diversity (as

observed by Badosa et al., 2007).

In summary, our study provides evidence that diel

patterns of microhabitat selection by zooplankton may

exist in Mediterranean temporary ponds. These pat-

terns may emerge as a response to stressors that differ

partially from those described from permanent fresh-

waters, shallow lakes and temporary ponds elsewhere.

In our case, cladocerans were the group most suscep-

tible to predation and they showed a clear horizontal

change in microhabitat selection. Cyclopoids were

relatively less susceptible to predation, and showed

diverse microhabitat selection strategies. Finally,

calanoids were the group least susceptible to predation

and they did not show any DHMS. However, they
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showed a clear vertical change in microhabitat selec-

tion that could be related to avoidance of UV radiation.

While cladocerans showed an ‘‘inverse’’ DHMS, as

described in previous studies, copepods showed a

DVMS similar to that observed in other aquatic

habitats. It is also interesting to note that because

macrophytes did not provide refuge to zooplankton,

the positive effects of aquatic plants on water trans-

parency (commonly described from shallow lakes;

Scheffer et al., 1993; Meerhoff et al., 2007a) may be

reduced in Mediterranean temporary ponds. Overall,

our study confirms the existence of diel patterns of

microhabitat selection in zooplankton of temporary

wetlands, and provides new insights on how commu-

nities function in Mediterranean temporary ponds.
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R. López-Flores, T. Mehner, S. Romo & M. Søndergaard,

2015. Predation and competition effects on the size diversity

of aquatic communities. Aquatic Sciences 77: 45–57.

R Development Core Team, 2014. R: a language and environ-

ment for statistical computing. R Foundation for Statistical

Computing: ISBN 3-900051-07-0.

Riemer, K. P., 2012. The dynamics of location: influence of

predation by Chaoborus larvae on rotifer diel vertical

migration Patterns. Lawrence University Honors Projects,

Paper. 16.

212 Hydrobiologia (2016) 766:201–213

123



Ribera, I., J. Isart & J. A. Régil, 1994. Coleópteros acuáticos de
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