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Fish emigration from temporary wetlands during
drought: the role of physiological tolerance
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Abstract: Fish emigration patterns from four temporary wetlands exposed to drought were studied from May to
August 2004 in the Brière Marsh, France. Two wetlands became totally dry, and two experienced severe water
level decline and significant changes in physico-chemical characters. Irrespective of the degree of desiccation,
emigration patterns of the six most commonly trapped species, representing 98.6 % of the total abundance
(Ameiurus melas, Anguilla anguilla, Scardinius erythrophthalmus, Lepomis gibbosus, Esox lucius and Gambusia
holbrooki), were similar among wetlands. Emigration timing was highly correlated with published physiological
tolerance levels for these species, demonstrating a tight linkage between water quality and emigration patterns.
Two non-native species (A. melas and G. holbrooki) showed the latest emigration from the temporary habitats, re-
flecting a high level of tolerance to drought conditions that may contribute to their success as wetland invaders.
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Introduction

A fundamental issue in ecology is understanding pat-
terns in animal movements and selective pressures
underlying these patterns. This is of particular interest
in harsh and spatially-varying environments (Chesson
& Huntly 1997, Chesson 2000), where the degree to
which organisms can select alternative habitats
through movement influences their ability to avoid
environmental stressors. In many aquatic systems,
drought and flooding are natural features (Matthews
1998, Humphries & Baldwin 2003, Lytle & Poff
2004) that affect both the temporal and spatial varia-
bility of the environment. Indeed, except where hu-
mans regulate flow regimes with dams and diver-
sions, almost all freshwater ecosystems are subject to
fluctuations in water level (Matthews 1998). In many
aquatic systems, there are elements of seasonal pre-

dictability to the flow regime; however, the onset,
magnitude, and duration of flooding can vary from
year to year such that organisms may require a high
level of flexibility in their response (Lytle & Poff
2004). Flow regime generates temporary habitats
(e. g., floodplains, backwaters) that are exploited by a
wide range of organisms, including many fish species
(see review in Williams 2006). These temporary wa-
ters serve as critical seasonal habitats for reproduc-
tion, juvenile development, growth, and refuges
against predation depending on species life histories
and flooding conditions (Snodgrass et al. 1996, Poizat
& Crivelli 1997, Corti et al. 1999, Baber et al. 2002,
Ostrand & Wilde 2002, King et al. 2003).

As water level declines in flooded areas, habitat
quality can concurrently decline for a number of rea-
sons including decreasing food availability (e. g., Ca-
pone & Kushlan 1991), increasing predation pressure
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(e. g., Kushlan 1976), and declining water quality
(e. g., high temperature, low dissolved oxygen, high
pH, Magoulick & Kobza 2003). Fish are occasionally
trapped in desiccating pools resulting in high mortal-
ity costs (Lowe-McConnell 1964, 1975, Kushlan
1976, Capone & Kushlan 1991, Chapman & Kramer
1991, Poizat & Crivelli 1997); however, the majority
of individuals emigrate from temporary habitats as
waters fall (e. g., Poizat & Crivelli 1997, Magoulick
& Kobza 2003). The degree to which fish can access
and select alternative habitats through immigration to
and emigration from temporary habitats influences
the degree to which they can exploit the rich resour-
ces of flooding habitats, but also avoid environmental
stressors such as high temperature, low dissolved
oxygen, or low food availability. Emigration patterns
vary among fish species (Poizat & Crivelli 1997) and
are likely to be influenced by specific characteristics
such as their physiological tolerance. For many fish
species, physiological tolerance has been addressed
through laboratory studies; however, the efficiency of
these experimentally derived measures for predicting
ecological processes in nature has been rarely ad-
dressed.

In this study, we quantified the timing and pat-
terns of fish emigration from four temporary wet-
lands exposed to drought. We focused on interspec-
ific variations in movement and related this to litera-
ture-derived physiological tolerance data to explore
the potential role of physiological tolerance as a pre-
dictor of emigration patterns.

Methods

Study area

The study was carried out in the Grande Brière Mottière
Marsh, a 7000-ha area (Loire River drainage, North West
France, 47˚ 22′ N, 02˚ 11′ W) composed of a web of perma-
nently flooded ditches. Surrounding areas are comprised of a
heterogeneous patchwork of temporary wetlands (e. g., grazing
grasslands, reed beds, hunting water ponds or dead-end dit-
ches) that flood in winter and progressively dry out during
spring and summer. We conducted a fish survey from spring to
summer 2004 in four temporary wetlands (Sites A, B, C and
D) that represented the range of habitats available in the marsh
and were located in a 700-ha area that could be continuously
monitored (Fig. 1). At the start of the survey, Site A was a
6.26-ha grassland with a mean water depth of 16.3 cm (± 4.7
S. D.) and 49.0 % (± 26.3 S. D.) vegetation cover composed of
submerged Poaceae, sub-aquatic plants (e. g. Ranunculus sp.)
and filamentous algae (Enteromorpha sp.). Site B was a 5.25-
ha reed bed (Phragmites sp.) with a mean water depth of

22.2 cm (± 14.8 S. D.), a scattered reed cover (40.0 % ± 35.1
S. D.) and a substrate consisting mainly of peat and woody
debris. Site C was a 2.13-ha water pond surrounded by reed on
the banks. Mean water depth was 61.0 cm (± 12.6 S. D.), mean
vegetation coverage along the banks was 33.2 % (± 23.5
S. D.), and the substrate was composed of mud and peat. Site
D was a 0.34-ha dead end ditch with a mean water depth of
105.1cm (± 40.0 S. D.). Banks were covered by scattered reed,
and the substrate was composed of peat and mud.

All sites experienced a gradual change in physical and
chemical conditions: Sites A and B dried out totally during the
survey period, whereas Sites C and D were subjected to a de-
cline in water level (Fig. 1). During the survey, water transpar-
ency (Secchi disk) decreased from 55.2 (± 15.2 S. D.) to 17.8
(± 4.9 S. D.) cm; water pH increased from 8.4 (± 0.1 S. D.) to
9.5 (± 0.2 S. D.); and conductivity increased from 648 (± 8.4
S. D.) to 1501 (± 10.9 S. D.) µS · cm–1 at Site D. Daily water
temperature at Site D, calculated from maximal daily air tem-
perature during the study period and the relationship between
maximal daily air temperature and maximal daily water tem-
perature obtained in 2005 (linear regression, R2 = 0.86, p
< 0.001), indicated a general increase in water temperature,
with large daily fluctuations: 16.9 ˚C (May 31, 2004) to 32.7˚C
(August 1, 2004, Fig.1).

Fish sampling procedure

Fish were sampled using fyke nets (5 mm mesh) equipped
with two wings (1.2 m high and 3 m long) and arranged in a
V-shape directing the fish into the chamber (2 m long and
50 cm diameter). The nets blocked the whole water column.
The survey commenced on May 28, 2004 for all of the four
sites when water levels started to decrease continuously. Fyke
nets were fished continuously (overnight) during the whole
period (Fig. 1). During the periods of intense fish migration,
nets were checked and fish catches processed daily, while dur-
ing times of less activity visits were made every two or three
days. We sampled fish emigrating from the four sites at the
unique connection point between temporary flooded wetland
and the adjacent habitat. Sites B, C and D were directly con-
nected to the permanent ditch. Site A was connected to Site C
that was still flooded when Site A totally dried out; it is likely
that Site C was used as a first refuge by fish emigrating from
Site A. Fish immigration into the wetland was permitted by the
presence in each connection of an additional fyke net set in the
opposite direction (Fig. 1). Immigrating fish represented only
26.9 % of the total catches; emigration was the dominant mo-
vement mode, and we therefore focused on emigration pat-
terns during the dewatering period. Trapped fish were anesthe-
tized using eugenol (0.04 mL. L–1), identified, measured to the
nearest mm and released approximately 10 m from the other
side of the fyke net in which they were captured. Sites A and
B were monitored until June 28 and June 18, 2004, respec-
tively; and Sites C and D were monitored until August 3, 2004
(Fig. 1). Trapping was conducted until all fish had left each
temporary wetland. Complete emigration from Sites C and D
was confirmed by electrofishing the remaining water (mean
water depth 33.8 cm (± 9.54 S. D.) and 84.8 cm (± 29.3 S. D.)
in Sites C and D, respectively) at the end of the trapping sur-
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Fig.1. Map of the study area, description of the trap setting, trapping period in the four temporary wetlands and water level and
maximal water temperature at Site D (May to August 2004).

vey (August 4, 2004). No fish were caught in these two sites,
whereas fish were recorded in the adjacent permanent ditch.

Data analyses

Trapping data

To facilitate comparisons between sites, trapping data were
standardized to daily capture rates for each site and each spe-

cies and expressed in catch per unit of effort (CPUE expressed
in fish net–1 day–1). Emigration start (ES) was calculated as the
number of trapping days before the first individual was cap-
tured leaving a site, referenced to the beginning of the study.
Emigration maximum (EMX) was calculated as the number of
trapping days before the maximum CPUE value was reached.
Emigration end (EE) was calculated as the number of trapping
days before the last individual was captured. Two synthetic
variables were then calculated to describe the timing of fish
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emigration from the temporary wetlands. First, emigration
range (ER) was defined as the difference between ES and EE.
Second, we calculated the emigration moment (EM) as the
number of days of trapping required to catch 50 % of the total
number of fish captured over the survey. These variables were
calculated for each species and expressed relative to the trap-
ping duration for each site.

Physiological tolerance

We used literature-derived values as proxies of fish physiolog-
ical tolerance. First, we used the physiological tolerance index
(PTI) that represents the tolerance to changes in water quality
(usually temperature, dissolved oxygen, turbidity and salinity)
or to extreme conditions in water quality (Marchetti et al.
2004), following the classification of Halliwell et al. (1999)
and with the addition of the extremely tolerant category from
Marchetti et al. (2004), i. e. 1: intolerant, 2: moderately toler-
ant, 3: tolerant and 4: extremely tolerant. Second, we used the

Table 1. Physiological tolerance index (PTI), coefficient of
water quality flexibility (WQF) and temperature of upper avoi-
dance (TUA in ˚C) of the six most commonly trapped species
in wetlands of the Grande Brière Mottière Marsh, France, with
bibliographical references.

Species PTI WQF TUA
(in ˚C)

European eel 3a – 29c

(Anguilla anguilla)
Pike 2a 5.5b 23d

(Esox lucius)
Mosquitofish 4a – 35e

(Gambusia holbrooki)
Black bullhead 4a 6.5b 35f

(Ameiurus melas)
Pumpkinseed 2a 5.5b 25g

(Lepomis gibbosus)
Rudd 3a 6b 28h

(Scardinius erythrophthalmus)

– denotes missing value. a Marchetti et al. (2004) adapted from
Halliwell et al. (1999); b Verneaux (1981); c Sadler (1979);
d Casselman (1978); e Cherry et al. (1976); f Beltz et al.
(1974); g Evans (1977) and h Elliot (1981).

coefficient of water quality flexibility (WQF) after Verneaux
(1981) with low values indicating a narrow range of acceptable
water quality (see also Oberdorff et al. 2002). Third, because
thermal tolerance is a well-documented parameter of physio-
logical tolerance in fishes, we used the temperature upper
avoidance (TUA) defined as the temperature at which fish
spend less time in comparison to a control (detailed in Giat-
tinna & Garton 1982) and that delimits the upper boundary of
the zone of thermal preference (Coutant 1977). These three pa-
rameters were gathered from published sources for the six
most abundant species captured during the trapping period
(Table 1).

Results

Fish assemblage

In total, 6,321 fish belonging to 12 species were cap-
tured emigrating from the four temporary wetlands
(185, 346, 552 and 5,238 from Sites A, B, C and D,
respectively). The fish assemblage was dominated by
six species that represented 98.6 % of the total num-
ber of fish captured. In order of decreasing abun-
dance (based on mean relative abundance, Table 2),
the six most sampled species were juvenile and adult
black bullhead (Ameiurus melas, Rafinesque), sub-
adult European eel (Anguilla anguilla, L.), juvenile
and adult rudd (Scardinius erythrophthalmus, L),
adult pumpkinseed (Lepomis gibbosus, L.), young-of-
the-year pike (Esox lucius, L.), and juvenile and adult
mosquitofish (Gambusia holbrooki, Baird & Girard).
Species differed markedly in their relative abundance
among the four sites, e. g., from 10.3 to 98.4 % for the
black bullhead and from 30.3 to 1.4 % for the Euro-
pean eel (Table 2). The other species captured in the
survey (representing 1.4 % of the total number) were
roach (Rutilus rutilus L.), bream (Abramis brama,
L.), prussian carp (Carassius gibelio, Bloch), tench
(Tinca tinca, L.), common carp (Cyprinus carpio, L.),
and pikeperch (Sander lucioperca, L.).

Table 2. Number, life stage, and relative abundance of the six most abundant species monitored emigrating from the four tempo-
rary wetlands (Sites A, B, C and D) in wetlands of the Grande Brière Mottière Marsh, France. Other fish species are listed in the
text and represented 0.6, 1.1, 13.8 and 0.09 % of the total abundance in Sites A, B, C and D, respectively.

Species N Life stage Relative abundance per site (%)

A B C D

Black bullhead 5530 Juveniles & adults 10.3 10.7 57.6 98.4
European eel 320 Sub-adults 30.3 23.7 20.1 1.4
Rudd 204 Juveniles & adults 8.1 53.5 0.7 0.0
Pumpkinseed 78 Adults 8.6 6.9 6.2 0.1
Pike 59 Young-of-the-year 24.3 1.2 1.6 0.01
Mosquitofish 43 Juveniles & adults 17.8 2.9 0.0 0.0
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Fig. 2. Emigration patterns expressed relative to the trapping duration of the six studied fish species in the four temporary wet-
lands (Sites A, B, C and D). Shaded areas were constructed by joining daily catch values proportional to the total catch per site
and per species. No mosquitofish were captured in Sites C and D and no rudd in Site D (dashed lines).

Fish emigration patterns among sites

Emigration patterns were analysed for the six most
abundant species (i. e. mean abundance per site > 5 %,
Table 2). Fig. 2 illustrates daily catch proportional to
the total catch of each species and relative to the
trapping duration in the four sites (i. e. 22, 32, 32, and
68 days for Sites A, B, C, and D, respectively). De-
spite some variation at the start of the survey when

Sites A and B are compared to Sites C and D, the in-
terspecific patterning of emigration was surprisingly
similar. Pike were the first to emigrate, and did so
with the shortest emigration duration during the first
third of the survey. European eel left temporary wet-
lands primarily during the first third of the survey but
over a relatively long period. Pumpkinseed emigra-
tion was characterised by a short emigration duration
that took place during the first half of the trapping
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Fig. 3. Emigration range (emigra-
tion start ES and emigration end
EE) and emigration moment (EM)
expressed relative to the trapping
duration of the six studied fish spe-
cies in the four temporary wet-
lands. Each box plot is limited by
the first and third quartile of captu-
res and the vertical line represents
the emigration maximum (EMX).
Shaded boxes are used for non-
native species and white boxes for
native ones. See text for abbrevia-
tion definitions.

survey. Migration timing of rudd tended to occur dur-
ing the first half of the survey. Black bullhead exhib-
ited delayed emigration that occurred primarily dur-
ing the second half of the survey, and mosquitofish
emigrated the last and over a brief period.

Species emigration ranking

Trapping data of the four sites were pooled to quanti-
tatively compare emigration among species. Fig. 3 il-
lustrates emigration patterns using EM and ER (ES
and EE). Pike tended to emigrate first (EM = 0.15)
and relatively briefly (ER = 0.48), followed by pump-
kinseed (EM = 0.16; ER = 0.32) and European eel
(EM = 0.20) with the most extended range (ER =
0.84). The three other species emigrated later. Then,
rudd left temporary wetlands (EM = 0.31) and their
emigration was characterized by a relatively short
range (ER = 0.45) whereas black bullhead emigrated
later (EM = 0.53) and over a more extended time pe-
riod (ER = 0.77). Mosquitofish was the last species to
emigrate just before the complete drying out (EM =
0.87) and did so over a short period (ER = 0.28).

Physiological tolerance and emigration
timing

Irrespective of the physiological descriptor (Table 1),
the emigration moment (EM) was positively corre-
lated with the physiological tolerance of the species
(Fig. 4). Later emigrating species were characterized
by a higher physiological tolerance (Pearson correla-
tion, R > 0.861, p < 0.028, Fig. 4). Interestingly, two

non-native species (black bullhead and mosquitofish)
that had the highest physiological tolerance of the six
species considered, emigrated the last (Fig. 4).

Discussion

Our results demonstrated that for the six most abun-
dant fish species (1) emigration patterns differed
among species, (2) interspecific patterning was sim-
ilar among sites, and (3) there was a tight relationship
between physiological tolerance and emigration tim-
ing. Matthews & Marsh-Matthews (2003) empha-
sized that little was known about the applicability of
the results of laboratory tolerance studies to fish in
the field under sustained drought conditions. This
study suggests that literature data on fish species phy-
siological tolerance from experimental studies are
relevant to both understanding and predicting fish
emigration from temporary wetlands during drought.

We might expect use of temporary wetlands to re-
flect a trade-off between the benefits of temporary
habitats and the costs of exploitation; and this trade-
off is likely to vary among species. Temporary shal-
low habitats are known to provide good feeding and
growth conditions for many fish (Neckles et al. 1990)
and to provide protection against predators for juve-
niles and smaller species (Schlosser 1987). However,
benefits might be counterbalanced by costs linked to
physiological stress due to the reduction of both
available habitat and water quality during drought
(Magoulick & Kobza 2003, Matthews & Marsh-
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Matthews 2003). Such trade-offs occur when a phy-
siological, behavioural or ecological trait of an orga-
nism (e. g., wetland use in the present study) that con-
fers advantage for performing one function (e. g.,
growth performance) simultaneously confers a disad-
vantage for performing another function (e. g., phy-
siological maintenance) (Chase & Leibold 2003).

Our results suggest that the patterning of emigra-
tion is quite predictable and that habitat selection be-

haviour is involved. Habitat selection (interpreted as
an evolutionary strategy, Morris 2003) might be use-
ful in interpreting habitat use in spatially varying en-
vironments such as temporary wetlands. Habitat se-
lection generally refers to the non-random use of
space or habitat that results from the voluntary move-
ment of organisms (Kramer et al. 1997). It has been
argued that in seasonally flooding systems, habitat
distributions reflect both habitat selection but also
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non-random movement (e. g., haphazard trapping in
floodplain pools, or downstream flushing in high-gra-
dient systems). In the low-gradient wetlands of the
Grande Brière Mottière Marsh that we studied, fishes
were clearly able to move from temporary to perma-
nent waters, as evidenced by the absence of fish in
the remaining water (Sites C and D) at the end of the
survey and our observations of directed movement to
and from the sites. Therefore, we assume that emigra-
tion among sites is voluntary to some degree, and
therefore reflects an element of choice. If habitat se-
lection is driving distribution in wetlands, we would
expect each species to maximize its fitness by opti-
mizing the time spent in temporary wetlands and to
emigrate when use of the temporary wetlands does
not benefit the fish in comparison to alternative habi-
tats (e. g., permanent waters). This study suggests that
the costs of staying in the temporary wetlands relate,
at least in part, to the interaction between changing
water quality conditions and the physiological toler-
ance of the inhabitants. The strong relationships ob-
served between the species-specific emigration mo-
ments and physiological tolerance estimates suggest
that tolerance indices are strong predictors of emigra-
tion patterns, and that environmental cues were effec-
tively used by these species.

Physiological tolerance has been reported to influ-
ence freshwater fish assemblage composition and
patterns of mortality in response to extreme condi-
tions (e. g., Smale & Rabeni 1995, McKinsey &
Chapman 1998, Ostrand & Wilde 2002). Kushlan
(1974), in his study of a natural fish kill in the Big
Cypress Swamp of Florida, classified fish species
into three categories based on their survival. The
mosquitofish fell into the most tolerant category,
while centrarchids were eliminated rapidly support-
ing the results of our study. Physiological tolerance
also has implications for persistence and impacts of
non-native species (Kobza et al. 2004). In the wet-
lands of the Grande Brière Mottière Marsh, black
bullhead and mosquitofish are non-native, well-estab-
lished species. These two species were characterized
by the highest emigration moments in our study that
correlated with their high physiological tolerance.
The capacity of mosquitofish and the black bullhead
to exploit temporary wetlands may contribute to their
widespread success as invasive species. Mosquito-
fish, because of their reputation as mosquito-control
agents, have been stocked in many temperate and
tropical areas throughout the world (Fuller et al.
1999), and they have been remarkably successful in-
vaders with the greatest ecological impact of intro-

duced poeciliid fishes (Courtenay & Meffe 1989, Ful-
ler 1999). They inhabit a wide variety of habitats re-
flective of their broad physiological tolerance. For
example, mosquitofish tolerate very high water tem-
peratures (Otto 1973) and extremely low levels of dis-
solved oxygen (McKinsey & Chapman 1998). Suc-
cessful exploitation of shallow hypoxic waters by
mosquitofish has been attributed, in part, to their ap-
parent proficiency at aquatic surface respiration (Le-
wis 1970, McKinsey & Chapman 1998). The black
bullhead has been reported as a successful non-indi-
genous species (e. g. Wheeler 1978, Fuller et al.
1999). It may be favoured by its broad physiological
tolerance range and its ability to perform aquatic sur-
face respiration as reported by Sargent & Galat
(2002). The way in which a species responds to re-
sources, natural enemies, and the physical environ-
ment determines its ability to invade (Shea & Ches-
son 2002), and the role of high physiological toler-
ance in the success and extent of fish invaders has al-
ready been recognized (Marchetti et al. 2004).

In summary, this study provides evidence for
strong patterning in emigration of fishes from tempo-
rary wetlands. Literature-derived physiological toler-
ance indices serve as good predictors of interspecific
variation in emigration timing. However, it should be
noted that residual variance in the relationships be-
tween tolerance levels and emigration timing suggest
that other factors interact with physico-chemical
stressors to influence emigration timing at the indi-
vidual and species level. For example, species char-
acteristics including body size and life history traits
can affect patterns of movement and survival in sea-
sonally flooding systems such as the Florida Evergla-
des (Kushlan 1974, Trexler et al. 2001). Other biotic
factors such as food availability and predation pres-
sure are known to vary during the progressive
drought of the temporary wetlands (Capone & Kush-
lan 1991) and may interact with physico-chemical
stressors to affect population dynamics. Future stud-
ies that explore the interactive effects of abiotic and
biotic stressors will be extremely useful in increasing
our understanding of emigration patterns from tem-
porary waters.

Acknowledgments

We thank the Parc naturel régional de Brière for logistic sup-
port, the FEDER, DIREN (MEDD), Région Pays de la Loire
and Agence de l’Eau from Loire-Bretagne for financial sup-
port and particularly J.-P. Damien and E. Le Mitouard for as-
sistance during field work. We are grateful to J. Olden, J.-M.



eschweizerbartxxx

Physiological tolerance of fish 177

Roussel, P. Marmonier and two anonymous referees for valu-
able comments on earlier drafts of the manuscript.

References

Baber, M. J., Childers, D. L., Babbitt, K. J. & Anderson, D.
H., 2002: Controls on fish distribution and abundance in
temporary wetlands. – Can. J. Fish. Aquat. Sci. 59: 1441–
1450.

Beltz, J. R., Johnson, J. E., Cohen, D. L. & Pratt, F. B., 1974:
An annotated bibliography of the effects of temperature
on fish with special reference to the freshwater and anad-
romous species of New England. – Research Bulletin
Massachusetts Agricultural Experimental Station, Univer-
sity of Massachusetts, Amherst, 97pp.

Capone, T. A. & Kushlan, J. A., 1991: Fish in dry-season
stream pools. – Ecology 72: 983–992.

Casselman, J. M., 1978: Effects of environmental factors on
growth, survival, activity, and exploitation of northern
pike. – Amer. Fish. Soc. Spec. Publ. 11: 114–128.

Chapman, L. J. & Kramer, D. L., 1991: The consequences of
flooding for the dispersal and fate of poeciliid fish in an
intermittent tropical stream. – Oecologia 87: 299–306.

Chase, J. M. & Leibold, M. A., 2003: Ecological Niches. Link-
ing classical and contemporary approaches. – University
of Chicago Press, Chicago.

Cherry, D. S., Rodgers, J. H., Cairns, J., Dickson, K. L. &
Guthrie, R. K., 1976: Responses of mosquitofish (Gambu-
sia affinis) to ash effluent and thermal stress. – Trans.
Amer. Fish. Soc. 105: 686–694.

Chesson, P., 2000: General theory of competitive coexistence
in spatially-varying environments. – Theor. Popul. Biol.
58: 211–237.

Chesson, P. & Huntly, N., 1997: The roles of harsh and fluc-
tuating conditions in the dynamics of ecological commu-
nities. – Amer. Nat. 150: 519–553.

Corti, D. L., Kohler, S. L. & Sparks, R. E., 1999: Effects of
hydroperiod and predation on a Mississippi River flood-
plain invertebrate community. – Oecologia 109: 154–165.

Courtenay, W. R., Jr. & Meffe, G. K., 1989: Small fishes in
strange places: A review of introduced poeciliids. – In:
Meffe, G. K. & Snelson, F. F. Jr. (eds): Ecology and Evo-
lution of Livebearing Fishes (Poeciliidae). – Prentice
Hall, Englewood Cliffs, New Jersey, pp.319–331.

Coutant, C. C., 1977: Compilation of temperature preference
data. – J. Fish. Res. Board Can. 34: 739–745.

Elliott, J. M., 1981: Some aspects of thermal stress on fresh-
water teleosts. – In: Pickering, A. D. (ed:): Stress and
Fish. – Academic Press, London, pp. 209–245.

Evans, D. O., 1977: Seasonal changes in standard metabolism,
upper and lower thermal tolerance and thermoregulatory
behaviour of the pumpkinseed, Lepomis gibbosus, Lin-
naeus. – Doctoral Dissertation, Department of Zoology,
University of Toronto, Toronto, 429p.

Fuller, P. L., Nico, L. G. & Williams, J. D., 1999: Nonindigen-
ous Fishes Introduced into Inland Waters of the United
States. – Special Publication 27. American Fisheries So-
ciety, Bethesda, Maryland, 613 pp.

Giattinna, J. D. & Garton, R. R., 1982: Graphical model of
thermoregulatory behaviour by fishes with a new measure
of eurythermality. – Can. J. Fish. Aquat. Sci. 39: 524–
528.

Halliwell, D. B., Langdon, R. W., Daniels, R. A., Kurtenbach,
J. P. & Jacobson, R. A., 1999: Classification of freshwater
fish species of the Northeastern United States for use in
the development of indices of biological integrity with re-
gional applications. – In: Simon, T. P. (ed.): Assessing the
Sustainability Biological Integrity of Water Resources
using Fish Communities. – CRC Press, New York, NY,
pp.301–338.

Humphries, P. & Baldwin, D. S., 2003: Drought and aquatic
ecosystems: an introduction. – Freshwat. Biol. 48: 1141–
1146.

King, A. J., Humphries, P. & Lake, P. S., 2003: Fish recruit-
ment on floodplains: the roles of patterns of flooding and
life history characteristics. – Can. J. Fish. Aquat. Sci. 60:
773–786.

Kobza, R. M., Trexler, J. C., Loftus, W. F. & Perry, S. A.,
2004: Community structure of fishes inhabiting aquatic
refuges in a threatened Karst wetland and its implications
for ecosystem management. – Biol. Cons. 116: 153–165.

Kramer, D. L., Rangeley, R. W. & Chapman, L. J., 1997: Habi-
tat selection: Patterns of spatial distribution from behav-
ioural decisions. – In: Godin, J.-G. J.& FitzGerald, G. J.
(eds): Behavioural Ecology of Fishes. – Oxford Univer-
sity Press, Oxford, pp. 37–80.

Kushlan, J. A., 1974: Effects of a natural fish kill on the water
quality, plankton, and fish population of a pond in the Big
Cypress Swamp, Florida. – Trans. Amer. Fish. Soc. 103:
235–243.

– 1976: Environmental stability and fish community divers-
ity. – Ecology 57: 821–825.

Lewis, W. M. Jr., 1970: Morphological adaptations of cyprino-
dontoids for inhabiting oxygen deficient waters. – Copeia
70: 319–326.

Lowe-McConnell, R. H., 1964: The fishes of the Rupununi sa-
vana district of British Guiana, South America. Part I.
Ecological groupings of fish species and effects of the
seasonal cycle on the fish. – J. Linn. Soc. 45: 103–144.

– 1975: Fish Communities in Tropical Freshwaters. – Long-
man, London, U. K.

Lytle, D. A. & Poff, N. L., 2004: Adaptation to natural flow re-
gime. – Trends Ecol. Evol. 19: 94–100.

Magoulick, D. D. & Kobza, R. M., 2003: The role of refugia
for fish during drought: a review and synthesis. – Fresh-
wat. Biol. 48: 1186–1198.

Marchetti, M. P., Moyle, P. B. & Levine, R., 2004: Alien fishes
in California watersheds: characteristics of successful and
failed invaders. – Ecol. Appl. 14: 587–596.

Matthews, W. J., 1998: Patterns in Freshwater Fish Ecology. –
Chapman & Hall, New-York.

Matthews, W. J. & Marsh-Matthews, E., 2003: Effects of
drought on fish across axes of space, time and ecological
complexity. – Freshwat. Biol. 48: 1232–1253.



eschweizerbartxxx

178 Julien Cucherousset, Jean-Marc Paillisson, Alexandre Carpentier and Lauren J. Chapman

McKinsey, D. & Chapman, L. J., 1998: Dissolved oxygen and
fish distribution in a Florida spring. – Environ. Biol.
Fishes 53: 211–223.

Morris, D. W., 2003: Toward an ecological synthesis: a case
for habitat selection. – Oecologia 136: 1–13.

Neckles, H. A., Murkin, H. R. & Cooper, J. H., 1990: Influen-
ces of seasonal flooding on macroinvertebrates abundance
in wetland habitats. – Freshwat. Biol. 23: 311–322.

Oberdorff, T., Pont, D., Hugueny, B. & Porcher, J.-P., 2002:
Development and validation of a fish-based index for the
assessment of ‘river health’ in France. – Freshwat. Biol.
47: 1720–1734.

Ostrand, K. G. & Wilde, G. R., 2002: Seasonal and spatial var-
iation in a prairie stream-fish assemblage. – Ecol. Fresh-
wat. Fish 11: 137–149.

Otto, R. G., 1973: Temperature tolerance of the mosquitofish,
Gambusia affinis (Baird and Girard). – J. Fish Biol. 5:
575–585.

Poizat, G. & Crivelli, A. J., 1997: Use of seasonally flooded
marshes by fish in a Mediterranean wetland: timing and
demographic consequences. – J. Fish Biol. 51: 106–119.

Sadler, K., 1979: Effects of temperature on the growth and sur-
vival of the European eel, Anguilla anguilla L. – J. Fish
Biol. 15: 499–507.

Sargent, J. C. & Galat, D. L., 2002: Fish mortality and phys-
icochemistry in a managed floodplain wetland. – Wetl.
Ecol. Manage. 10: 115–121.

Schlosser, I. J., 1987: The role of predation in age- and size-
related habitat use by stream fishes. – Ecology. 68: 651–
659.

Shea, K. & Chesson, P., 2002: Community ecology theory as a
framework for biological invasions. – Trends Ecol. Evol.
17: 170–176.

Smale, M. A. & Rabeni, C. F., 1995: Influences of hypoxia and
hyperthermia on fish species composition in headwater
streams. – Trans. Amer. Fish. Soc. 124: 711–725.

Snodgrass, J. W., Bryan, A. L., Lide, R. F. & Smith, G. M.,
1996: Factors affecting the occurrence and structure of
fish assemblage in isolated wetlands of the upper coastal
plain, U.S.A. – Can. J. Fish. Aquat. Sci. 53: 443–454.

Trexler, J. C., Loftus, W. F., Jordan, C. F., Chick, J., Kandl, K.
L., McElroy, T. C. & Bass, O. L., 2001: Ecological scale
and its implications for freshwater fishes in the Florida
Everglades.– In: Porter, J. W. & Porter, K. G. (eds): The
Everglades, Florida Bay, and Coral Reefs of the Florida
Keys: An Ecosystem Sourcebook – CRC, Boca Raton,
pp.153–181.

Verneaux, J., 1981: Les poisons et la qualité des cours d’eau. –
Ann. Sci. Univ. Fr. Comté Biol. Anim. 2: 33–41.

Wheeler, A., 1978: Ictalurus melas (Rafinesque, 1820) and I.
nebulosus (Lesueur, 1819): the North American catfishes
in Europe. – J. Fish Biol. 12: 435–439.

Williams, D. D., 2006: The Biology of Temporary Waters. –
Oxford University Press, New York.

Submitted: 26 April 2006; accepted: 26 July 2006.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


