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Local structuring factors of invertebrate communities
in ephemeral freshwater rock pools and the influence
of more permanent water bodies in the region.
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Abstract We used three isolated clusters of small

ephemeral rock pools on a sandstone flat in Utah to

test the importance of local structuring processes

on aquatic invertebrate communities. In the three

clusters we characterized all ephemeral rock pools

(total: 27) for their morphometry, and monitored

their water quality, hydrology and community

assemblage during a full hydrocycle. In each cluster

we also sampled a set of more permanent inter-

connected freshwater systems positioned in a wash,

draining the water from each cluster of rock pools.

This design allowed additional testing for the

potential role of more permanent water bodies in

the region as source populations for the active

dispersers and the effect on the community struc-

ture in the rock pools. Species richness and

community composition in the rock pools corre-

lated with level of permanence and the ammonia

concentration. The length of the rock pool inun-

dation cycle shaped community structure, most

probably by inhibiting colonization by some taxa

(e.g. tadpoles and insect larvae) through develop-

mental constraints. The gradient in ammonia

concentrations probably reflects differences in

primary production. The more permanent water

bodies in each wash differed both environmentally

and in community composition from the connected

set of rock pools. A limited set of active dispersers

was observed in the rock pools. Our findings

indicate that aquatic invertebrate communities in

the ephemeral rock pools are mainly structured

through habitat permanence, possibly linked with

biotic interactions and primary production.
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Introduction

The identification of factors and processes struc-

turing communities is a fundamental element of

community ecology. These processes are usually

divided in local and regional processes (Ricklefs,

1987, 2004; Ricklefs & Schluter, 1993). Local

factors and processes, mainly habitat characteris-

tics (abiotic) and interactions between inhabitants

(biotic), act as a filter and define the pool of

species potentially occurring in a community

through processes such as species sorting (Leibold

et al., 2004) and habitat selection (Resetarits,

2001, 2005). The realized assemblage (the actual
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species in a community) is a subset of all the

species occurring in the surrounding region

(regional species pool) and often is positively

related to the regional species pool (Karlson &

Cornell, 1999; Shurin et al., 2000).

Regional factors and processes include all vari-

ables affecting the exchange (dispersal) between

communities. These regional variables determine

which species and in what quantity may arrive in a

community, further affecting the community struc-

ture. Regional factors include elements affecting

the connectivity between two communities such as

rivulets between water bodies, providing a poten-

tially large and continuous influx of colonizers

(Cottenie et al., 2003) that can keep species pres-

ent under suboptimal conditions (Leibold et al.,

2004). Also species-specific dispersal behaviour

and particularly the difference between active (e.g.

most Insecta) and passive dispersers (e.g. most

freshwater Crustacea) will influence the dispersal

between communities through the effective scale

of dispersal (Graham, 2002; Rundle et al., 2002).

Small water bodies have recently been brought

to the foreground as model systems to test ecolog-

ical and evolutionary hypotheses (Blaustein &

Schwartz, 2001; Srivastava et al., 2004; De Meester

et al., 2005). These habitats have many advantages,

such as small food webs in a realistic setting and the

ease of manipulation through their small size. The

small size combined with the occurrence of these

habitats in large numbers in relatively small areas

makes them attractive habitat systems to use in

community studies. Freshwater rock pools are

additionally typified by a simple structure of the

pool basin. Despite these favourable characteris-

tics for ecological research, little information on

the community structuring processes in temporary

freshwater rock pools is available. Ecological rock

pool research so far was mainly based on parts of

the whole community; on single species such as on

Daphnia longispina (Ranta and Tsossmem, 1987)

and Branchipodopsis wolfi (Brendonck & Rid-

doch, 1999, 2000) or on multiple species (e.g.

Dodson, 1987; Bengtsson, 1989; Blaustein et al.,

1995; Brendonck & Riddoch, 1999; De Roeck

et al., 2005). Some studies, also mostly on a limited

set of species, identified the local structuring

factors in rock pools. The relationship between

species richness and the environment was for

example studied in micro-Turbellaria (Eitam et

al., 2004a) and Cladocera and Ostracoda (Eitam

et al., 2004b) in rock pools in Israel. In these

studies, diversity was mainly related to pool size

(micro-Turbellaria) and pool permanence (Clado-

cera and Ostracoda). Additional variation in

ostracod species richness was further explained

by water and sediment depth. In another study,

pool size also influenced the proportion of preda-

tory animals in a rock pool community (Spencer

et al., 1999). Community richness and diversity

patterns in relation to habitat variability were

studied in a set of Jamaican rock pools (Therriault

& Kolasa, 1999, 2000, 2001; Romanuk & Kolasa,

2001, 2002, 2005). In these rock pools, richness of

communities was negatively correlated with desic-

cation frequency and environmental variability.

With this study we aimed at contributing to the

ecology of invertebrate communities in tempo-

rary rock pools. We therefore studied three sets

of nine ephemeral rock pools on a sandstone flat,

isolated from each other by rocky ridges, during

an entire flooding cycle. Each set of rock pools

had its own drainage system with a central wash

containing more permanent and interconnected

water bodies. We identified the major factors

determining the richness and community compo-

sition in the rock pools. To assess the importance

of the regional species pool and to test the

potential value as source habitats for active

dispersers to colonize the rock pools, these more

permanent water bodies were also sampled and

communities compared with those in the rock

pools. Considering the unidirectional water flow

from the rock pools to the more permanent pools,

together with the predicted richer communities in

the more permanent systems, we expect the rock

pool communities to be a subset of those in the

more permanent water bodies.

Materials and methods

Site description & pool selection

Three clusters of rock pools were studied on

different exposures of the Moab Tongue of the

Entrada Sandstone northwest of Moab, Utah in

an area known as Hidden Canyon. Each cluster
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was separated from the others by rocky ridges

of approximately 50 m high. The three sites;

Hidden Canyon 1 (HC1), Hidden Canyon 2

(HC2) and Hidden Canyon 3 (HC3), had

separated watersheds with each site containing

a deeply eroded wash collecting run off water

from the flat. At the start of the monitoring, all

pools on the sandstone flat were dry. A set of

nine rock pools close to each other was chosen

at each site (total: 27 pools), aiming to include

some variation along the permanence gradient.

The average depth of each basin was here used

as a proxy for the level of permanence. The

selected rock pools were sampled quantitatively

from dry to dry phase (maximum 12 days) with

a two-day sampling frequency. Sampling of the

whole community was initiated the second day

after filling at HC1 and HC2 and the third day

at HC3.

The more permanent water bodies in the

region (<500 m radius) were pools in the wash,

often deeply eroded rock pools and some mud

pools. Most of these pools contained water during

the whole survey (15 August–15 October 2003).

We randomly selected five of these pools at each

of the three sites (total: 15 pools) for sampling.

Sampling of the more permanent wash pools was

done nine (HC2) and ten (HC1) days before, and

9 days after (HC3) the precipitation. The water

flow in the systems provides a one-way connec-

tion for inhabitants with a passive dispersal (for

instance Crustacea) from the rock pools on the

flat to the more permanent pools in the wash. As

long as the more permanent pools contain water,

the only possible exchange from the wash pools to

the rock pools on the flat is by active dispersers

(mostly Insecta).

Characterization of the pools

A thunderstorm filled hundreds of pools on the

rocky surface completely and synchronously at all

three rock pool sites. We characterized the 27

rock pools on the flat the day after filling and

before the first sampling. The water quality

variables in the 15 more permanent water bodies

in the wash were measured together with the

sampling of the communities. Temperature, con-

ductivity, oxygen and pH were recorded every

sampling with WTW meters. The first day after

rain, maximum length, maximum width (orthog-

onal on the length) and the deepest point in each

pool were recorded. Based on these measure-

ments, surface area was calculated as length times

width. Volume was estimated by multiplying

surface area with average depth. Turbidity was

measured with a Snel’s tube in centimetres. Water

samples taken in the field were stored and

transported in a cooler with ice. Nutrient concen-

trations were measured with a HACH DR/700

portable colorimeter within 5 h after sampling

and after acclimatization of the water to room

temperature. We used method 8,155 (NH3–N,

ammonia), 8,192 (NO3–N, nitrate), 8,408 (PO4
3–,

reactive phosphorus) and 8,507 (NO2–N, nitrite)

in the instrument manual (Hach, 1992). For

chlorophyll a measurements, as much water as

possible was filtered over GF/C Whatman filters

using a manual vacuum pump at 1 bar pressure.

The filter was dried for half a minute under

vacuum, folded inwards, packed in foil paper and

transported on top of ice in a cool box. In the

laboratory, samples were stored in a –81�C

freezer. Chlorophyll a was measured spectropho-

tometrically after extraction in 96% ethanol

following the method of Bergmann & Peters

(1980). Absorption was measured at 665 ± 1 nm.

We corrected for turbidity by subtracting the

absorption at 750 ± 1 nm. For the analyses, sur-

face, volume, chl a, conductivity and nutrient

concentrations were logarithmically transformed

to make differences equally important.

Sampling design and faunistics

Sampling of pools on the sandstone flat was done

by placing a plastic tube (height: 40 cm; diameter:

10 cm) with rubber edge on one side, randomly in

each pool. The rubber edge fitted the tube to the

sediment surface and isolated the water column.

The tube sampler was consequently emptied by a

PRIJON ‘‘thirsty-mate’’ Kayak pump attached to

a tube (diameter: 5 cm) leading the water over a

sieve (20-lm netting). Pumped water was quan-

tified and the tubing and pump were rinsed

between pools. At each occasion sampling was

done three times per pool in a swift move to avoid

flight of the active swimmers.
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The qualitative sampling of the more perma-

nent water bodies in the wash was done using

approximately 1 m sweeps of a kick sampler (500-

lm netting) and zooplankton net (64-lm netting)

to collect macroinvertebrates and zooplankton,

respectively.

The collected material for both series of

samplings was preserved in 70% ethanol. Rock

pool samples were rinsed over a net (64-lm

netting) and decantation removed the smallest

mud and the heavier sand particles, respectively.

Samples were stained with rose Bengal solution.

For each replicate sample, sub-samples of 300

animals were counted. One of the replicates was

analyzed in toto, to detect any rare taxa. Samples

of the more permanent water bodies were ana-

lyzed completely to compose a presence-absence

matrix. With exception of the Turbellaria and

Rotifera, we identified morphospecies and iden-

tified taxa to the lowest possible level using

Merrit & Cummins (1996) and Thorp & Covich

(2001). In the analysis of the rock pool commu-

nity composition, 14 morphospecies were used.

The two morphospecies of Oribatidae were

grouped together in the analyses, as we were

not sure whether these were different species.

Estimated densities were expressed as individuals

per litre.

Analyses of pool types and community

structure

The physical and chemical environment and

species richness were compared between the

different habitat types making use of averages

for the ephemeral rock pools on the flat and the

single measurements for the more permanent

water bodies in the wash, using independent t-

tests (ANOVA) in STATISTICA 6.0 (Statsoft

Inc., 2001).

Initial analyses of the rock pool community

composition with a Detrended Canonical Corre-

spondence Analysis (DCCA) showed a gradient

length of <3 standard deviation units (SD),

implying a linear response of the taxa to the

inserted variables (Ter Braak & Smilauer, 1998).

We therefore used a Redundancy Analysis

(RDA) to analyze both the invertebrate commu-

nity composition and the species richness in the

27 rock pools. In the analysis of the community

composition we log transformed (y = Log x + 1)

the abundance data. Samples were standardized

by norm since we were interested in relative

proportions of the composing species. For the

multiple regression on the species richness no

transformations or standardizations were per-

formed on the data. In both analyses, the sites

were inserted as covariables with permutation

blocks defined by covariables and significant

(P < 0.05) variables were chosen using random

Monte Carlo permutations (n = 999) in the for-

ward selection procedure. Multivariate and uni-

variate analyses were performed in CANOCO

(Ter Braak & Smilauer, 1998).

To test whether the rock pool communities

were a subset of the communities in the more

permanent water bodies in the region, and to

specifically test whether the more permanent

pool populations were sources of active dispers-

ers for the rock pools, we evaluated the pres-

ence of a nested design using the binary matrix

nestedness temperature calculator (BINMAT-

NEST) (Rodrı́guez-Gironés & Santamarı́a,

2006). Nestedness is a property of binary matri-

ces of ecological data, and is quantified by the

matrix’s ‘‘temperature’’, a measure for the

extent of order present in the matrix (Atmar

& Patterson, 1993).

Results

Characterization of the pools

The 27 rock pools on the flat were shallow

(9 ± 4 cm) and varied strongly in size

(10.6 ± 6.3 m2), with low nutrient and chlorophyll

a (1.8 ± 0.7 lg/l) content (Table 1). The water

was clear (Snel’s reading of 34 ± 5 cm) and often

reached relatively high temperatures (25.6 ±

3.8�C) and oxygen saturation (156.7 ± 13.8%)

levels. The 15 more permanent pools in the wash

differed significantly in environmental conditions

from the rock pools for all measured variables,

except for ammonia concentration and tempera-

ture (Table 1). The more permanent water bodies

were on average deeper (44 ± 35 cm), more

turbid (Snel’s reading of 20 ± 6 cm) and had
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higher nutrient (except ammonia) and chloro-

phyll a (4.9 ± 4.2 lg/l) levels. Their temperature

(23.8 ± 6.8�C) and oxygen saturation

(121.5 ± 44.0%) was slightly lower.

Faunistics

A total of 15 species were collected from the 27 rock

pools, with an average of 5.9 ± 1.8 species per pool

(Table 2). The species occurring in most of the pools

were Cypriconcha sp. (Ostracoda), Branchinecta

packardi (Anostraca), Dasyhelea sp. (Ceratopog-

onidae) and Pseudobiotus sp. (Tardigrada).

The more permanent pools in the wash housed

a total of 29 species with on average 7.6 ± 2.6

species per pool. The most common species in

these pools were Cypriconcha sp. (Ostracoda),

Limnocythere sp. (Ostracoda) and Branchinecta

packardi (Anostraca). Turbellaria were well pre-

sented in both the rock pools and the more

permanent water bodies.

Community structure

Forward selection in the RDA analysing the

community composition isolated depth and

ammonia concentration, together explaining

24.3% of the variance in the dataset (F = 4.076,

P = 0.001) (Fig. 1). The unconstrained axes

explained a total of 92.9% of the variance. The

multiple regression (RDA) of the species richness

linked the variance in species richness between

rock pool communities with pool permanence and

log ammonia (28.8% of the variance in the

dataset, F = 5.545, P = 0.004). The unconstrained

axes explained 88.5% of the variance. The pools

with a short inundation period were characterized

by high densities of Pseudobiotus sp. and Rotif-

era, and to a minor extent also by oribatid mites.

Pools with a longer inundation period housed

higher densities of Branchinecta packardi, Dasyh-

elea sp. and Limnocythere sp.

At all three study sites, the rock pool commu-

nities on the flat revealed a pattern of nestedness,

indicating a non-random distribution of the

inhabitants over the rock pools (Table 3). The

communities remained nested at two of the three

sites (HC1 and HC3) after addition of the wash

pools to the dataset. The total of all sampled

pools (both rock and wash pools) together, also

showed a nested pattern (Table 3). All species in

the ephemeral rock pools were also retrieved in

the more permanent pools in the wash. A total of

16 active dispersers were present in the more

permanent water bodies, with 13 insects and one

ostracod species (Potamocypris compressa) found

exclusively in the more permanent wash pools

(Table 2). In the rock pools only three species of

Table 1 Physical and chemical characteristics of 27 rock pools on a sandstone flat and 15 more permanent pools in the
region

Rock pools More permanent water bodies

Avg SD Max Min Avg SD Max Min t-value df P-value

Depth (cm) 9 4 20 4 44 35 112 4 –5.17 40 0.000
Surface (m2) 0.7 0.2 1.1 0.3 7.3 7.2 27.2 0.9 –4.82 40 0.000
Chlorophyll a (lg/l) 1.8 0.7 3.2 0.7 4.9 4.2 11.5 –1.9 –3.76 34 0.001
Turbidity (cm) 34 5 42 23 20 6 29 5 7.58 40 0.000
Ammonia (mg/l) 0.27 0.88 4.60 0.01 0.63 1.21 4.90 0.10 –1.10 40 0.280
Phosphorus (mg/l) 1.06 0.72 2.75 0.13 1.68 0.99 2.75 0.12 –2.34 40 0.024
Nitrates (mg/l) 0.10 0.07 0.25 0.01 0.24 0.18 0.55 0.00 –3.70 40 0.001
Nitrites (mg/l) 0.002 0.001 0.005 0.001 0.039 0.101 0.340 –0.003 –2.78 40 0.008
Temperature (�C) 25.6 3.8 28.8 9.2 23.8 6.8 32.9 14.0 1.12 40 0.268
Conductivity (lS/cm) 16.5 4.2 27.1 8.7 24.4 7.6 40.5 13.8 –4.38 40 0.000
Oxygen (%) 156.7 13.8 180.0 121.5 121.5 44.0 188.0 19.0 3.86 40 0.000
pH 9.7 0.3 10.3 8.9 9.2 0.6 10.1 7.7 3.37 40 0.002
Permanence (days) 5 3 12 2 – – – – – – –

Averages (avg), standard deviations (SD), maximum and minimum values (max. and min.) are presented. Independent t-
tests are performed to test for significant differences between the two types of pools, t-values, P-values and degrees of
freedom (df) are given
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active dispersers were found; Dasyhelea sp., a

mayflie (Baetidae) and a backswimmer (Noto-

nectidae).

Discussion

The length of the inundation period (pool per-

manence) and the concentration of ammonia

were the most important local factors determin-

ing the invertebrate community composition and

the species richness in ephemeral rock pools on a

sandstone flat in Utah. The more permanent

water bodies in the washes differed substantially

from these rock pools, both in physical and

chemical water characteristics as in the animal

communities. The communities in the rock pools

were a subset of the communities in the more

permanent wash pools, with 14 species (mainly

active dispersers) exclusively collected from the

more permanent pools. The more permanent

pools hence held the entire species richness of

the region and may function as source habitats for

actively dispersing organisms.

The most important community-structuring

factor of the rock pool communities was the

length of the inundation period. The short dura-

tion pools were typified by high densities of

Rotifera, Tardigrada and oribatid mites, and

these communities were a subset of the more

diverse communities in the larger pools with a

longer persistence. Communities from the pools

with longer permanence were characterized by

larger inhabitants, such as Branchinecta packardi

(Anostraca), Dasyhelea sp. (Ceratopogonidae)

and Ostracoda species. Development constraints

most probably prevent some of these larger

species to occur in the most ephemeral pools.

Table 2 Collected taxa in 27 rock pools on the sandstone flat (RP) and 15 more permanent water bodies in the region
(MPW)

Major group Taxon RP MPW

Anostraca Branchinecta packardi Pearse 19 10
Ostracoda Cypriconcha sp. Dobbin 21 13

Limnocythere sp. 5 13
Potamocypris compressa 0 1

Spinicaudata Eulimnadia cf. texana 3 1
Notostraca Triops longicaudatus (Le Conte) 1 4
Cladocera 1 2
Copepoda Harpacticoida 1 1
Ephemeroptera Baetidae (L) 3 8
Hemiptera Notonecta sp. (A) 1 3

Corixidae (L) 0 3
Microvelia sp. (A & L) 0 1
Gerridae 0 3

Diptera Limnophora sp. 0 3
Culicidae 0 7
Chironomidae 0 9
Dasyhelea sp. 18 1

Coleoptera Coptotomus sp. (A) 0 1
Eretes sticticus (Linneaus) (L) 0 5
Agabus sp. (A) 0 1
Berosus sp. (L) 0 1

Odonata Cordullidae (L) 0 1
Coenagrionidae (L) 0 1

Turbellaria 1 sp.? 25 13
Tardigrada Pseudobiotus sp. 25 1
Acari Oribatidae sp. A 9 1

Oribatidae sp. B 1 1
Rotifera 27 15
Anura Bufo punctatus Baird & Girard 0 5

The number of pools housing the taxon is mentioned. A = adult, L = Larvae
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Most of the larger species, except for Dasyhelea

sp., which can resist desiccation in the larval

phase (Dodson, 1987), die upon early pool drying.

The species occurring in the most ephemeral

pools, in contrast, are able to develop over

subsequent inundation cycles, by tun formation

(Rotifera and Tardigrada) (Wright, 2001), by

encapsulating in the sediment (Oribatidae) (Nor-

ton et al., 1997) or by drought resistance (Chiro-

nomidae) (Cantrell & McLachlan, 1982; Frouz

et al., 2003). Other studies documented that

physical (developmental) constraints can prevent

the occurrence of large organisms (often preda-

tors or dominant competitors) in pools with a

short hydroperiod (Tevis, 1966; Jeffries, 1994).

The absence of these large organisms often allows

smaller and more vulnerable organisms, adapted

to the ephemeral part of the permanence gradi-

ent, to reach higher densities in the ephemeral

habitats. Fairy shrimp species in rock pools, which

typically are well adapted to ephemeral habitats,

by a high developmental rate among other adap-

tations (Brendonck et al., 2000), still need

approximately 5 days to mature in the studied

rock pools (Jocqué M. pers. obs.). This minimal
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Fig. 1 Redundancy Analysis based on invertebrate abun-
dances in freshwater rock pools constrained by pool depth
and ammonia concentration. Size of the circles reflects the

level of permanence of the 27 rock pools sampled. The
nine taxa best fitting the analysis were included

Table 3 Results of nestedness calculations on invertebrate
communities of the three studied sites: Hidden Canyon 1
(HC1), Hidden Canyon 2 (HC2), Hidden Canyon 3 (HC3)
separately, and on all 27 rock pools in Hidden Canyon
(HC) together

Site Temp P-value

HC1 14.916 0.046
HC1 + MPW 16.163 0.010
HC2 8.125 0.000
HC2 + MPW 25.799 0.222
HC3 8.673 0.000
HC3 + MPW 17.238 0.001
HC 12.204 0.000
HC + MPW 11.845 0.000

The same analyses were done including the more permanent
water bodies in the wash (+MPW). The temperature as
calculated by the program BINMATNEST, reflecting the
extent of order present in the dataset, and the correlated
P-values are presented. The P-value reflects the probability
that a ‘‘random’’ matrix has the same level of nestedness as
the inserted matrix
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development time makes it impossible to persist

in the most ephemeral pools (4 days or less). The

absence of Anostraca (Branchinecta packardi) in

the most ephemeral rock pools will consequently

have a strong effect on the community structure

as they are competitively superior filter feeders

(e.g. to Cladocera). This may explain the ob-

served high densities of Rotifera in these pools.

Starkweather (2005) confirmed that fairy shrimp

in rock pools can have a strong negative influence

on Rotifera (Hexarthra sp.) populations.

Only three active dispersers were collected

from the rock pools (Dasyhelea sp., Notonectidae

and Baetidae) (Table 2). This is a small fraction of

the regional species pool, considering the diversity

of active dispersers such as dragonfly larvae,

tadpoles, beetles and hemipterans collected in

the more permanent wash pools (Table 2). The

presence of all active dispersers in the more

permanent pools, together with the observation

that Notonectidae (Table 2) and adult Coleoptera

(pers. obs.) dispersed to the ephemeral rock pools,

suggests that these wash pools act as a source for

active dispersers. Deduced from the observed low

densities, however, they never reside long. The

small representation of the active dispersers was

also here most probably the result of development

constraints linked with the permanence of the

rock pools. Although we do not have data of the

maturation time of the active dispersers in the

studied rock pools, we can learn from data derived

from comparable systems. Dragonfly larvae in

rock pools in Namibia, for example, needed

between 38 and 70 days to mature (Suhling et al.,

2004), much longer than the inundation length of

the rock pools in our study. Larger temporary

ponds with a longer permanence in England also

contained a richer diversity of active dispersers

(Coleoptera) (Rundle et al., 2002). In a study on

the habitat selection by rock pool corixids in

Scandinavia, pool permanence (size) and compe-

tition were suggested as the most important

selection criteria (Pajunen & Pajunen, 2003).

Pools with a short inundation period were avoided

through the high correlated mortality of offspring

through drought before maturation. Pools with

fewer competitors were preferred for the abun-

dance of food (prey). The expected strong inter-

and intra-specific competition for food in the more

permanent pools is probably the driving force for

the exploitation of the rock pools in our study

system, in search for adequate habitat patches to

deposit offspring and possibly also to feed.

The species richness and community composi-

tion of the rock pool communities on the flat were

also positively related with the concentration of

ammonia. Especially Copepoda and Cypriconcha

sp. occurred in higher densities in pools with high

ammonia concentrations. The relatively high

nitrogen (ammonia) content in the shallow rock

pools is remarkable as rock pools have open

nutrient cycles and large parts of the nutrients are

removed by winds during the dry phase or are

flushed after heavy rains (Osborne & McLachlan,

1985). The importance of external ammonia

sources added during the dry period therefore

seems unlikely to explain our observations. Dur-

ing the wet phase, ammonia is mostly derived

from the organisms themselves. Although we have

no direct measurements, cyanobacteria likely are

responsible for the observed pattern. Chan et al.

(2005), in similar systems, also found an ammonia

gradient and could link this with cyanobacterial

activity in similar shallow potholes on a sandstone

flat in the same area as our study system.

In conclusion, communities in the ephemeral

rock pool system of a sandstone flat near Utah were

mainly structured by the length of the hydroperiod.

Development constraints most probably set a

threshold pool permanence for species to occur

and in this way the presence/absence of species

together with the interactions with the other

community members structures the communities.
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