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Abstract

Gorski, K. (2010) Floods and Fish; Recruitment and distribution of fish in the
Volga River floodplain. PhD Thesis, Wageningen University

Natural river floodplains are among the most diverse and productive eco-
systems on Earth and provide key habitats for foraging, spawning and as
a nursery for many riverine fish species. Periodic flooding plays a principal
role in the ecological processes in floodplain systems resulting in high pro-
ductivity and diversity, as formulated in the Flood Pulse concept (FPC, a
major conceptual framework for understanding the hydro-ecological pro-
cesses operating in river-floodplain systems). However, little progress has
been made in exploring the FPC over larger spatial scales due to lack of
empirical data. The Volga-Akhtuba floodplain (Russian Federation) is still
relatively undisturbed, while in Europe and North-America about 90% of
floodplains have effectively been lost. This thesis provides a quantitative
assessment of the FPC by (1) analyzing flood pulse dynamics in response
to changes in river flow regime on various spatial and temporal scales and
(2) relating these to recruitment success of riverine fish species that use
the floodplain; and (3) identifying the hydro-geomorphic variables that are
most involved shaping fish abundance and distribution in the floodplain.
The results obtained demonstrate that the flood pulse magnitude in the
lower Volga has noticeably decreased due to damming of the Volga up-
stream from the Volga-Akhtuba floodplain. Still, in spite of this hydrological
control, considerable year-to-year variation in flood magnitude and timing
has remained. Therefore fish populations in the floodplain still depend on
variations in the year-to-year flow regime. Moreover, spring temperature
and its match with flooding control the recruitment of young fish at the
end of the growing season. However, the main sources of spawning stocks
in the large-scale Volga-Akhtuba floodplain originate from local floodplain
populations and not from the main river channels. Spatial heterogeneity of
hydro-geomorphic attributes of the floodplain water bodies is highly sig-
nificant for structuring fish abundance and distribution in the floodplain.
Therefore, even under changing environmental and social circumstances, it
is essential to preserve flood dynamics, which is fundamental not only for
fish recruitment success but also governs fish distribution and diversity in
the floodplain.
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W30aneka 0onzo
Teuém peka Bonea,
Teuém peka Bosea -

KoHuya u kpas Hem...
Cpedu xn1e6o8 cnesbix,
Cpedu cHez208 6enbix
Teuém mos Bonaa,

A MHe ceMHaouame siem.

Ckazana mame: «<bbisaem 8cé, cbIHOK,
Bbimb Moxem, mol ycmaxewis om 0opoe, -
Kozda npudéwie domoli 8 KOHYe nymu,
Ceou nnadoHu 8 Boney onycmun.

V30aneka doneo
Teuém peka Bonea,
Teyém peka Bosnea -

KoHya u kpaa Hem...
Cpeodu xn1eb0o8 cnesbix,
Cpedu cHez08 besibix
Teuém mos Bonea,

A MHe yx mpuoyame siem.

Tom nepavbili 832710 U NepabIli Nieck 8eca...
Bcé 61510, mosnibKo pedka yHecna...
A He 2pywy o moli gecHe 6bisiol,
B3ameH eé meos 1106086 co MHOU.

W30aneka 0onzo
Teuém peka Bonea,
Teuém peka Bonea -

KoHua u kpaa Hem...
Cpedu xnebos cnesbix,
Cpedu cHez208 6enbix
naxy e mebs, Bonaa,
Cedbmol Oecssmok iem.

30ecb Mol npuyan, u 30ece Mou Opy3b4,
Bcé, 6e3 ye2o Ha ceeme Xumb Heslb3A.
C 0anékux nnécoa 8 38€30HOU MuUWUHe
JApyaol maneyuwka noonesaem MHe:

«/130aneka 00120
Teuém peka Bonea,
Teyém peka Bonaa -

KoHua u kpas Hem...
Cpedu xn1ebos cnesbix,
Cpedu cHez08 besibix

Teuém mos Bonea,

A MHe cemHaouyame siem.»

1962, Jlee OwaHuH



From far away for days on end
The Volga River flows,
The Volga River flows, -
The river has no end...
Betwixt ripe crops,
Betwixt white snows,

My Volga River flows,

And | am seventeen.

My mother said: «<The world is big, my son,
And roads you take may tire you one day, -
But when you're home after a long journey,
Just dip your palms into the Volga waters».

From far away for days on end
The Volga River flows,
The Volga River flows, -
The river has no end...
Betwixt ripe crops,
Betwixt white snows,

My Volga River flows,

And | am thirty now.

That first look, that first splash of an oar...

I had it all, but it is all flowed away with the river...

| am not sad: though my spring is gone,
Your love is still with me.

From far away for days on end
The Volga River flows,
The Volga River flows, -
The river has no end...
Betwixt ripe crops,
Betwixt white snows,

My Volga River flows,

And | am seventy now.

My berth is here, my friends are here,
All you cannot live behind....
From faraway shores in starry silent night
Some other boy is singing now with me:

From far away for days on end
The Volga River flows,
The Volga River flows, -
The river has no end...
Betwixt ripe crops,
Betwixt white snows,

My Volga River flows,

And lam 17 now.»

1962, Lev Oshanin
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Chapter 1

. Background
I.1.1  Floodplain ecosystems

Natural river floodplains are among the most diverse and productive eco-
systems on Earth (Tockner & Stanford, 2002; Ward, Tockner & Schiemer,
1999). Fisheries in large rivers and their associated floodplains provide a
major source of food, employment and income which is crucial to sustain
the livelihoods of multitudes of people (Arthington et al., 2004). In addition,
floodplains play a role in retaining water, mitigating floods, and breaking
down pollutants (Costanza et al., 1997).

In floodplain ecosystems, the high spatio-temporal heterogeneity drives a
diversity of complex habitats in various stages of succession (Jungwirth,
Muhar & Schmutz, 2000). Periodic flooding (flood pulse) plays a princi-
pal role in the ecological processes in floodplain systems (Junk, Bayley &
Sparks, 1989). Natural variations in the magnitude, duration and timing of
the flood pulse continuously change the geomorphology of floodplains,
thereby creating high habitat complexity, which in turn results in high bio-
diversity (Bayley, 1995). In addition, floodplains play a major role in the life
cycle of many fish species. A wide range of temporary floodplain habitats
are crucial for many species for foraging, spawning and as nurseries. There-
fore fish faunas of large rivers are highly adapted to the natural hydrological
regime, i.e. the timing and duration of floodplain inundation.

In many rivers the natural flood pulse has been severely altered by river
regulation, e.g. construction of dams and dykes, or changes in land use (Dy-
nesius & Nilsson, 1994; Nilsson et al., 2005; Richter et al., 1997). Man-indu-
ced alterations of the hydrological regimes and the reduction of floodplain
wetlands are considered to be a major threat for biodiversity and natural
resource production. In the developing world, natural floodplains are dis-
appearing at an accelerating rate, primarily due to changed hydrology (Poff
etal., 1997). In Europe and North-America about 90% of the floodplains are
considered functionally extinct (Tockner & Stanford, 2002).

1.1.2 Problem definition

To make rational decisions about the quality and extent of river rehabilita-
tion in relation to fish biodiversity, it is essential to understand the ecolo-
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Introduction

gical functioning of floodplains and its relationship with the characteristics
of the flood pulse (Buijse et al., 2002; Galat et al., 1998). Although many the-
oretical concepts about ecological functioning of rivers in relation to the
physical and hydrological environment have been developed, there have
been too few rigorous tests of these concepts in real-world floodplains.

1.1.3 Ecological functioning of large rivers — concepts

Over the past decades, a sound conceptual basis has been developed for
understanding the functional processes and biodiversity of river systems
(Table 1.1; Johnson, Richardson & Naimo, 1995). The longitudinal River
Zonation concept focuses on changes in the taxonomic composition of

Table 1.1 Summary of main concepts developed to understand ecological functioning of river
systems, with original references.

Concept Dimension Governing abiotic Functional/Structural eco-
variable system characteristics

River Zonation Longitudinal Flow velocity, Tempera- Adaptation of fishes and

(Nowicki, 1889; Thie- ture benthic fauna to physical and

nemann, 1925) chemical changes along the

river resulting in zonation

Nutrient spiralling Longitudinal Flow velocity, Nutrient Nutrient cycling and down-

(Newbold et al., limitation stream transport

1982; Webster & Pat-

ten, 1979)

River Continuum Longitudinal Stream size, Energy Progressive shift of physical

(Vannote et al., source gradients and energy inputs,

1980) Organic matter processing,

Primary production/Respi-
ration ratios/shift in trophic
organization and biological
communities

Serial Discontinuity | Longitudinal Position of dams Organic matter processing,
(Ward & Stanford, Primary production/Respira-
1983) tion ratios; Abruption from

continuum in relation to
Dams/Tributary junctions

Flood Pulse Lateral Flood pulse: inundation of | Exchange of nutrients and

(Junk, Bayley & aquatic terrestrial transi- | organic matter / Habitat com-

Sparks, 1989) tion zones bordering the | plexity / Species diversity
main channel

Riverine Productivity | Lateral Flow velocity / Riparian Importance of the local

Model zone autochthonous production

(Thorp & Delong, (phytoplankton, benthic algae,

1994) aquatic vascular plants) and

direct inputs from the riparian
zone during periods not limi-
ted to flood pulses
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fauna with respect to physical and chemical changes along the river (No-
wicki, 1889; Thienemann, 1925). The Nutrient Spiralling concept (Newbold
et al., 1982; Webster & Patten, 1979) describes unidirectional spiralling of
nutrients along the river continuum, mediated by biotic agents. The River
Continuum Concept (Vannote et al., 1980) also stresses the longitudinal di-
mension of the river ecosystem and proposes a progressive shift of physical
gradients and energy inputs and an associated shift in trophic organiza-
tion and biological communities. The related Serial Discontinuity Concept
(Ward & Stanford, 1983) recognizes that streams do not change uniformly
in longitudinal direction, but that changes in the geomorphology (i.e. rela-
ted to damming) and tributary junctions can interrupt the continuum in an
abrupt manner. The transversal Flood Pulse Concept (FPC, Junk et al., 1989;
Junk & Wantzen, 2004) distinguishes lateral processes from the aforementi-
oned longitudinal concepts. It states that temporary flooding of the aqua-
tic-terrestrial transition zones bordering the rivers is the main determinant
of water temperature, turbidity and nutrient content. Hence flooding gre-
atly influences habitat heterogeneity, plant and animal recruitment, as well
as ecosystem productivity (Amoros & Bornette, 2002). The FPC provides an
integrated idea for complex hydro-ecological processes in river-floodplain
systems. Because the FPC is the main transversal concept in large river eco-
logy, proposing mechanisms governing the functioning of floodplains and
their role for river ecosystem, it is the main focus of this study and will be
discussed in more detail in a later section.

New insights into river functioning have emerged in addition to the abo-
vementioned main concepts. Thorp & Delong (1994) proposed the Riverine
Productivity Model emphasizing the role of autochthonous production and
riparian zones. This model concludes that a substantial portion of the or-
ganic carbon assimilated in large rivers can be derived from local autocht-
honous production (i.e. phytoplankton, aquatic vascular plants) and inputs
from the riparian zone adjacent to the river during periods that are not only
limited to flood pulses. Furthermore it was recognized that spatial and tem-
poral variability of the ‘the natural flow regime’ can play a crucial role in
the ecological integrity of rivers and can shape the long-term evolution of
stream biota (Poff et al., 1997). Therefore ‘the natural flow regime’ paradigm
will have broad implications for river conservation, management and reha-
bilitation (Poff et al., 1997). Thorp, Thoms & Delong (2006, 2008) put forward
‘the Riverine Ecosystem Synthesis’. This synthesis combines the ecological as-
pects of fluvial geomorphology with a terrestrial landscape model descri-
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bing hierarchical patch dynamics (Wu, 1999; Wu & Loucks, 1995; Fig. 1.1).
Thereby it describes rivers as downstream arrays of large hydrogeomorphic
patches (e.g. constricted, braided and floodplain channel areas) formed by
catchment geomorphology and climate. Different types of these hydrogeo-
morphic patches are characterised by unique ecological functional process
zones' because of physiochemical habitat differences which affect ecosys-
tem structure and function (Thorp, Thoms & Delong, 2008).

Riverine
ecosystem
synthesis
A
Fluvial
Landscape .
Lotic ecology geo -
ecology
morphology
- Patch dynamics - Habitat template - Process domains
- Hierarchy theory - River continuum concept - Process response
- Flood pulse concept systems
- - - River hierarchy
- Riverine productivity .
- River networks
model .
- Stream ordering
- Natural flow paradigm

Figure 1.1 Summary of concepts and paradigms which were brought together in the Riverine
Ecosystem Synthesis (Modified from Thorp et al., 2008).

1.1.4 The Flood Pulse Concept (FPC)

The FPC states that the principal driving force for habitat heterogeneity in
large lowland rivers is the flood pulse, i.e. the temporary flooding of the
aquatic-terrestrial transition zones bordering the rivers (Junk et al., 1989).
The flood pulse is determined by geomorphologic and hydrological con-
ditions that control its magnitude, timing, duration and predictability.
Seasonal inundation maintains the ecological succession at intermediate
levels, and hence it is important for sustaining the high biodiversity and
productivity of floodplain systems (Petts, 1996). Flooding also mobilizes nu-
trients, boosts aquatic primary production, provides allochthonous inputs,
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and therefore also increases secondary production in floodplain habitats
(Thomaz, Bini & Bozelli, 2007). The FPC identifies the predictable advance
and retreat of water on the floodplain of a pristine system as the principal
agent controlling the adaptations of many terrestrial and aquatic biota, i.e.
synchronization of life cycles with water level fluctuation, migration, dis-
persal abilities, and resistance against inundation or drought (Bayley, 1991).
Therefore, the life cycles of diverse fish faunas inhabiting large rivers are
highly adapted to the natural hydrological regime, i.e. the timing and dura-
tion of inundation (Bailly, Agostinho & Suzuki, 2008; Bayley, 1991; Junk et al.,
1989). At the same time, this concept implies that any significant change in
the natural hydrological regime has immediate effects on the life cycles of
these same ichthyofaunas.

Thus the FPC gives an integrated assessment of the complex hydro-ecolo-
gical processes operating in river-floodplain systems. However, until now,
little progress has been made in exploring the FPC over larger spatial sca-
les and in analyzing temporal changes in spatial heterogeneity in response
to fluctuating discharge, due to the notorious lack of empirical data. The
FPC suggests that predictable inundation of river floodplains is the major
driving force for the maintenance of biotic diversity and the production of
plant and animal biomass, including fish. In addition, in temperate systems
the FPC stresses the importance of the coincidence of rising temperatures
and high flows for successful fish recruitment (Junk et al., 1989). Although
research in the tropics demonstrates a high dependence of fish recruitment
and fisheries on seasonal flooding (Agostinho et al., 2004; Bailly et al., 2008;
Suzuki et al., 2009; Welcomme, 1985), comparable research in large tem-
perate rivers is lacking. This is often due to severe alterations of temperate
floodplains, and consequently a lack of empirical data on the required spa-
tial and temporal scales. Studies examining fish recruitment in temperate
floodplain systems are limited to relatively small rivers, the middle and up-
per reaches of larger rivers or to floodplains in the lower reaches of large
rivers that are severely altered (Copp, 1989; Grift et al., 2003; Halyk & Balon,
1983; Holland & Huston, 1985). Consequently, fish recruitment mechanisms
in large-scale temperate floodplains still remain unclear.

1.1.5 Floodplains and fish recruitment

Recruitment is a crucial component of population dynamics. It plays an es-
sential role in the life history of fish, because the survival of juveniles largely

18
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determines the size of adult populations. Floodplains play a key-role in the
life cycle of many fish species, especially in relation to recruitment. The wide
array of temporary floodplain habitats can provide essential spawning sub-
strates and nursery grounds; which are crucial for recruitment of many spe-
cies.

Attempts to explain survival of fish in their early life history stages have
resulted in various recruitment models and hypotheses. Cushing (1990)
proposed the ‘match/mismatch hypothesis, which recognizes that fish
spawn at approximately the same time each year, but that food abun-
dance is less predictable and more variable in response to environmen-
tal conditions. Thus, in years when larvae and prey coincide or ‘match; a
strong recruitment will follow, whereas in years when larvae and prey do
not coincide (‘mismatch’), there will be poor recruitment. Lake (1967) pro-
posed the ‘flood-recruitment model; stressing the stimulation of spawning
by inundation of terrestrial ground for some species of fish in the Murray-
Darling Basin, Australia. However, the generality of this model was questi-
oned and the ‘low flow recruitment hypothesis’ was proposed, describing
the spawning of some species in the main channel and backwaters during
periods of low flow and rising water temperatures, yet not dismissing the
potential importance of the floodplain (Humphries, King & Koehn, 1999).
This suggests a species-specific response to flooding dynamics, depending
on life-history characteristics. Therefore more recently the combination of
life-history adaptations in the fish fauna and aspects of the hydrological
regime such as duration and timing of inundation were proposed to con-
trol the response of the recruitment of riverine fish fauna to flooding (King,
Humphries & Lake, 2003).

1.1.6 The Volga River and its floodplain

The Volga River in the Russian Federation still accommodates one of the
few remaining naturally functioning temperate floodplain systems in its lo-
wer reaches.

The Volga, the longest river in Europe (3690 km) and 16th longest in the
world, is a water body of outstanding scientific and economic importance
(Litvinov et al., 2009; Mordukhai-Boltovskoi, 1979). The major tributaries of
the Volga River are the Kama, the Oka, the Vetluga, and the Sura rivers. The
Volga and its tributaries form the Volga River system (Fig. 1.2), which drains
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an area of about 1.4 million km2, covering various biomes from taiga to
semi-desert. The Volga is a typical plain-type river, predominantly fed by
snow-melt (60% of its water source) and also by groundwater outflow (30%)
and rainfall (10%). The climate of the upper Volga basin is moderate conti-
nental, the warmest month is July (average temperatures: 16.7 t019.2 °C),
the coldest January (-10.1 to -13.4 °C), whereas in the lower reaches average
temperatures are 20.6 to 25.1 °C in July and -9.6 to -6.9 °C in January (Lit-
vinov et al., 2009). The Volga Delta has a length of about 160 kilometres and
includes as many as 500 channels and smaller rivers. Each year, a significant
part of the Volga is covered by ice for approximately three months.

Scale 1 : 15 D00 00O

L
Kilometers 0

Figure 1.2 The Volga River system (Source: CABRI-Volga project: http://cabri-volga.org/
VolgaMap.htmi).
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A cascade of large, shallow reservoirs affects most of the hydrological re-
gime of the Volga, from Tver (near Moscow) to Volgograd. The last in the
row of dams is the Volgograd power plant, constructed in 1960. These hy-
dro-constructions changed the appearance of the river and its fish fauna. A
small part of the upper Volga and the 580 km long reach downstream of the
city of Volgograd have remained unregulated, freely meandering (Fig. 1.3).

.
Figure 1.3 The banks (rim) of the lower Volga River
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Figure 1.4 Bulgakov channel in the lower Volga floodplain during spring flood and in summer
after water retreat

Although affected by anthropogenic changes, typical large river fish ha-
bitats remained in these stretches. The lower Volga below Volgograd de-
pends strongly on the exploitation regime of the Kuibyshev and Volgograd
reservoirs (Mordukhai-Boltovskoi, 1979). However, the discharge regime
still follows a cycle of snow-melt floods in late spring (Fig. 1.4). As a result of
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this, the lower Volga accommodates some of the few remaining ecological-
ly functional and large-scale floodplain ecosystems in the temperate zone
(Fig. 1.5). Directly downstream of the Volgograd dam, the Volga divides into
the lower Volga River, the main channel, and the Akhtuba River, a smaller
distributary. The rivers run almost parallel down to the Caspian Sea, and
bound the Volga-Akhtuba floodplain. The Volga-Akhtuba floodplain ex-
tends over a length of 300 km, and is 10-30 km wide. The floodplain is a flat
gently sloping area that is dissected by numerous floodplain channels and
covered by thousands of lakes and residual floodplain channels. Therefore
the lower Volga is an excellent model for studying the processes by which
hydrology drives habitat characteristics and recruitment of riverine fishes.

Figure 1.5 Satellite images of the Volga-Akhtuba floodplain; Overview of the upper floodplain

in summer; Comparison of inundated surface in summer (low water levels) and
during spring inundation; Landsat: P 171/R 26 TM7 ETM+.

“5 S (7 AN
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1.1.7  Fish fauna and fisheries of the lower Volga

The lower Volga has a highly diverse fish fauna (Litvinov et al., 2009). At pre-
sent it accommodates 62 fish species (Table 1.2) and is well known for its
sturgeon populations migrating upstream from the Caspian Sea. Histori-
cally, sturgeon fisheries played a very important commercial role (Fig. 1.6)
with catches in the beginning of the twentieth century reaching up to 27
thousand tons (Mordukhai-Boltovskoi, 1979). The aforementioned regula-
tion of the Volga led to barriers for sturgeon migration and consequently
caused severe declines in sturgeon abundances. Species such as the Rus-
sian sturgeon Acipenser gueldenstaedetii, beluga Huso huso, and starry stur-
geon A. stellatus are on the verge of extinction. However, poaching and il-
legal caviar trade still continue (Goérski, pers. obs.). Presently the lower Volga
fish community is dominated by eurytopic cyprinids such as roach Rutilus
rutilus, common bream Abramis brama, white bream Blicca bjoerkna, blue
bream Abramis ballerus, common carp Cyprinus carpio, bleak Alburnus al-
burnus and ide Leuciscus idus. The most common piscivorous fish are perch
Perca fluviatilis, pike-perch Sander lucioperca and wels Silurus glanis. In con-
trast to the upper Volga, which is altered by the cascade of reservoirs, the
lower Volga still provides suitable riverine habitats for fish species that are
more rheophilic, such as asp Aspius aspius, sabrefish Pelecus cultratus, dace
Leuciscus leuciscus, chub Leuciscus cephalus and Volga nase Chondrostoma
variabile.

Table 1.2 Fish species of the lower Volga River. Scientific and common names as well as some
of the life history characteristics derived from literature (Krizhanovski, 1953; Reshet-
nikov, 2002) Spawning substrate: Ph- phytophilic, Li - litophilic, Pe — pelagophilic,
In - Indifferent, Ps — Psammophilic, CrEg — Carrying eggs; Migration: P - Potamodro-
mous, A - Anadromous, R - Resident.

Scientificname English name -.g,, % .; ’g § :-':f g‘ % §
c -— S0 e £& H
K 8 ®#> 9¢g 3 £
= £ ~ 2 82 O
© = £ 2L a3 S
£ 5 | % = &
% = o g
] o
= < s
)
Abramis ballerus Blue bream 45 10 3-4 46 |Ph P
(Linnaeus, 1758)
Abramis brama (Linnaeus, 1758) | Common bream 80 14 3-4 46 |Ph P
Abramis sapa (Pallas, 1814) White-eye bream 41 8 3-4 |45 |Ph
Acipenser gueldenstaedtii Russian sturgeon 152 50 1- |5-6 |Li A
(Brandt & Ratzeburg, 1833) 16
Acipenser nudiventris Fringebarbel sturgeon | 220 32 9-16 [3-5 |Li A
(Lovetsky, 1828)
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Table 1.2  (continued)

Introduction

Scientific name

Acipenser persicus
(Borodin, 1897)

Acipenser ruthenus
(Linnaeus, 1758)

Acipenser stellatus
(Pallas, 1771)

Alburnus alburnus
(Linnaeus, 1758)

Alosa caspia caspia
(Eichwald, 1838)

Alosa kessleri (Grimm, 1887)

Aristichthys nobilis
(Richardson, 1845)

Aspius aspius (Linnaeus, 1758)

Barbatula barbatula
(Linnaeus, 1758)

Barbus brachycephalus
(Kessler, 1872)

Benthophilus granulosus
(Kessler, 1877)

Benthophilus mahmudbejovi
(Ragimov, 1976)

Benthophilus stellatus
(Sauvage, 1874)

Blicca bjoerkna (Linnaeus, 1758)

Carassius auratus gibelio
(Bloch, 1782)

Carassius carassius
(Linnaeus, 1758)

Caspiosoma caspium
(Kessler, 1877)

Chalcalburnus chalcoides
(Gildenstadt, 1772)

Clupeonella cultriventris
(Nordmann, 1840)

Chondrostoma variabile
(Yakovlev, 1870)

Cobitis taenia (Linnaeus, 1758)
Cottus gobio (Linnaeus, 1758)
Cyprinus carpio (Linnaeus, 1758)
Esox lucius (Linnaeus, 1758)

Gobio albipinnatus
(Lukasch, 1933)

English name

Persian sturgeon
Sterlet

Starry sturgeon
Bleak

Caspian shad
Caspian anadromous
shad

Bighead carp

Asp
Stone loach

Aral barbel

Granular pugolovka

Stellate tadpole-goby

White bream
Gibel carp

Crucian carp

Danube bleak
Black Sea sprat
Volga undermouth

Spined loach
Bullhead
common carp
Northern pike

White-finned gud-
geon

Maximal length

170

125

152

20

32

44

146

80
18

103

6.6

6.6

35
45

50

40

15

13.5
20
100
150
22

Maximal age

38

27

35

12

10

15
15

12

12

30
15

(years)

Age at maturity

3-6

46

5-6

1-2

3-4
2-4

4-5

2-3

1-2

35
2-4
2-3

(months)

Spawning season

@
o

5-7

5-6

5-8

4-5
4-6

4-8

46

5-8

5-6

5-6
5-7

5-6

5-7

5-9

46

4-5

5-7
4-5

4-5
46

Spawning

Li

Li

Pe

Pe

Pe

Li
Li

Li

Ph
Ph

Ph

Li
Pe
Li
Ph
Li
Ph

Ph
Ps

substrate

Migration

PA
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Table 1.2  (continued)

Scientific name

Gobio gobio (Linnaeus, 1758)

Gymnocephalus cernuus
(Linnaeus, 1758)

Huso huso (Linnaeus, 1758)

Leucaspius delineatus
(Heckel, 1843)

Leuciscus cephalus
(Linnaeus, 1758)

Leuciscus idus (Linnaeus, 1758)

Leuciscus leuciscus
(Linnaeus, 1758)

Lota lota (Linnaeus, 1758)

Misgurnus fossilis
(Linnaeus, 1758)

Neogobius fluviatilis
(Pallas, 1814)

Neogobius gorlap (lljin, 1949)

Neogobius gymnotrachelus
(Kessler, 1857)

Neogobius melanostomus
(Pallas, 1814)

Pelecus cultratus (Linnaeus, 1758)
Perca fluviatilis (Linnaeus, 1758)

Proterorhinus marmoratus
(Pallas, 1814)

Pungitius platygaster
(Kessler, 1859)

Rutilus frisii (Nordmann, 1840)
Rutilus rutilus (Linnaeus, 1758)
Salmo trutta (Linnaeus, 1758)

Sander lucioperca (Linnaeus,
1758)

Sander volgensis (Gmelin, 1789)

Scardinius erythrophthalmus
(Linnaeus, 1758)

Silurus glanis (Linnaeus, 1758)

Stenodus leucichthys
(Guldenstadt, 1772)

Syngnathus abaster (Risso, 1827)
Tinca tinca (Linnaeus, 1758)
Vimba vimba (Linnaeus, 1758)

English name

Gudgeon
Ruffe

Beluga
Sunbleak
European chub

Ide
Common dace

Burbot
Wheaterfish

Monkey goby

Racer goby
Round goby

Sabrefish
European perch
Tubenose goby

Southern ninespine
stickleback

Kutum
Roach
Sea trout
Pikeperch

Volga pikeperch
Rudd

Wels
Inconnu

Black-striped pipefish
Tench
Vimba

Maximal length

20
185

500

80

100
25

120
30

20

22
25

25

60
51
15

70
50
100
130

45
36

250
130

23
63
50

Maximal age

10
15

100

20
10

24

13
17

12
20
20
14

30

22

10
17

(years)

Age at maturity

12-
18

3-4

2-3
2-3

3-4
3-4

3-4
3-5

3-5
46

(months)

Spawning season

.y
&

5-7

4-5

122
45

5-7

4-5
4-5

4-8

9-12
5-6

4-5
5-7

3-7
10-
11

5-6
5-7

Spawning
substrate

Li
Ph
Li
Li
Li

Ps/Li
Ps/Ph

Li
Ph
Li
Ps

Ps
Ph

Ph
Li

CrEg
Ph
Li

o > U >

Migration
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Figure 1.6 Beluga caught in the lower Volga some decades ago (Source: Mordukhai-Boltovskoi
(1979)).

27



Chapter 1

The lower Volga and upper Volga reservoirs accommodate significant com-
mercial fisheries. More than half of all fish from inland fisheries of the Rus-
sian Federation are caught in the Volga catchment (Avakyan, 1998 in: Lit-
vinov et al., 2009). Historically the most valuable commercial fisheries were
accommodated in the lower Volga and the Volga Delta (Mordukhai-Bolt-
ovskoi, 1979) with yearly catches of about 200 000 tons at the beginning of
the 20th century. In the mid 20th century the catches decreased and never
exceeded 100 000 tons and dropped further ever since. Presently, the yearly
reported catches in the lower Volga are not higher than 1000 tons and con-
sist mainly of common bream, roach, white bream, perch and non-native
gibel carp Carassius gibelio. This decrease in reported catches is probably
the combined result of a rapid drop in diadromous fish stocks (possibly
also in riverine and floodplain fish species), a flawed recording system and
a decrease in fishing effort. The decrease in fishing effort is a generally per-
ceived, though not officially documented development.

1.2 Thesis rationale and outline

The objective of this study is to reveal mechanisms governing fish recruit-
ment in a large-scale temperate floodplain in relation to flood and tempe-
rature dynamics, and thus provide a generic understanding of the relation
between the flood pulse and fish recruitment dynamics in floodplains. The
study aims at testing the FPC in a large-scale semi-natural floodplain by
(1) analyzing flood pulse dynamics in response to changes in river flow re-
gime at various spatial and temporal scales; (2) relating these dynamics to
recruitment success of riverine fish species that use the floodplain and (3)
identifying the hydro-geomorphic variables that are most involved shaping
abundance and distribution of fish populations in the floodplain.

The central hypothesis of the study is that: “The characteristics of the
flow regime (‘the flood pulse’) determine the recruitment of fish popu-
lations that use the floodplains. Thus, there is a quantitative and causal
relationship between flood pulse characteristics and fish recruitment.

1.2.1 Outline

To address the central hypothesis, the following research questions were
put forward, which have been covered in the subsequent chapters.
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« How did the construction of the Volgograd dam in 1960 affect the Volga
flow regime? How did the flow regime and particularly the characteris-
tics of the annual spring flooding vary in the lower Volga? How did the
flood dynamics affect commercial fish catches in the lower Volga and
adjoining floodplains? (Chapter 2)

«  What is the relationship between the extent and timing of flooding and
the timing and duration of spawning of various fish species? What is the
proportion of fish entering the floodplain from the main river channel to
spawn by comparison with the total number of spawning fishes in the
floodplain? (Chapter 3)

+  What is the role of flooding in larvae recruitment? (Chapter 4)

- Which habitat characteristics govern recruitment success of young fish
(YOY) fish in a large temperate floodplain? (Chapter 5)

+ How is the abundance and distribution of fish within the floodplain in-
fluenced by hydro-geomorphic variables? (Chapter 6)

To answer these questions the following steps were taken:

First, the characteristics of the annual flood pulse of the lower Volga and its
effect on the commercial fish catches in the area were analyzed (Chapter
2). For this, the Volga River discharges before and after dam construction
were compared, using long-term historical records. Then the variability of
the flow regime and particularly the characteristics of the annual spring
flooding were studied in detail for the period after damming (1960 — 2006).
Finally, the relationship between the flood dynamics and commercial fish
catches in the lower Volga channel and adjoining floodplains were exa-
mined.

Chapters 3-5 focus on the effects of flood pulse variability on the recruit-
ment of the consecutive life stages of different fish species using the flood-
plain. Analyses of fish reproduction and fish recruitment success in relation
to flooding and temperature dynamics were performed based on field
surveys in three consecutive years (2006-2008). To evaluate the role of the
flood pulse on spawning of fishes the relationships between the extent and
timing of the spring flood, lateral spawning movements of fish, and timing
and duration of spawning in the floodplain were examined (Chapter 3).
Subsequently, to evaluate the mechanisms underlying larvae recruitment
in floodplain systems the use of flooded terrestrial habitats by fish larvae
was studied (Chapter 4). In the following chapter (5) the effects of the ex-
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tent, timing and duration of flooding and temperature variability on the
recruitment success of young fish (YOY) at the end of the growing season
were tested. Finally, Chapter 6 focuses on the effects of flood variability and
geomorphology of floodplain water bodies on fish abundance and distri-
bution.

In the general discussion (Chapter 7) the main findings of the study are
synthesized. In addition, | reflect upon the biological and methodological
issues encountered during the study as well as discuss implications for ma-
nagement and possible future research perspectives.
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Post-damming flow regime developmentin a
large floodplain river (Volga, Russian Federa-
tion): Implications for floodplain inundation
and fisheries

2.1 Abstract

Periodic flooding plays a key role in the ecology of floodplain rivers. Damming of
rivers affects the flow regime and consequently flooding of the floodplain. The Volga
River, the largest river in Europe, has a regulated flow regime after completion of a
cascade of dams. Here, we study effects of damming on long term discharge varia-
bility and flood pulse characteristics. In addition, we evaluate the effects of altered
flood pulse on floodplain ecosystem functioning and commercial fish yield dyna-
mics. Our results indicate that both flood pulse and fish populations of the Volga-
Akhtuba floodplain have varied considerably over the past decades. After damming,
annual maximum peak discharges have decreased, minimum discharges increased,
but average discharges remained similar pre- and post-damming. Moreover, due to
bed level incision of over one and a half meter, a higher discharge is needed to reach
bankfull level and inundate the floodplains. However, despite the significantly alte-
red hydrological regime of the Volga River and following morphological changes,
current discharge management provides significant spring flooding, preserving eco-
hydrological floodplain functioning mechanisms. We found a strong correlation of
commercial fish yield with flood magnitude, suggesting increased fish recruitment
and better feeding conditions during high floods. A further understanding of the
empirical relations between the Volga discharge and fish catch data requires analysis
of the spatio-temporal development of the spawning and nursery habitats within
the floodplain, and how these depend on the annual flood pulse.



Post-damming river flow regime, floodplain inundation and fisheries

PasButne BOAHOro pexuma Ha 6Gonblunx
PaBHUHHbIX peKax nocne 3aperyinpoBaHuA
(Bonra, Poccus): 3HaueHne ana nonosoanm n
pbIOHOro X03aMCTBA

2.2 Peslome

MNepuopuueckne NonoBoAbsA UrpatoT KIIKYEBYIO POJib B SKOMOTMM PABHUHHDBIX PEK.
Bo3BefeHue NNOTVH BAUAET Ha PEXKUM TEYEHUIA 1, COOTBETCTBEHHO, Ha 3aToMJIeHKe
nolimbl. Ha Bonre, kpynHeriwen peke EBponbl, CTOK perynupyetca B pesynbraTe
MOCTPOMKN Kackafa BogoxpaHwnuw,. B HacToAwen pabote Hamm uccnepyetcA
BAMAHNE NNOTUHbI Bomkckon MIC Ha M3MeHeHMe pacxofoB B [OJIFOCPOYHOM
neprofe 1 Ha XapakTepucTuKkm nonoBogui. Kpome Toro, Mbl OLLEHMBAEM BAUSHUE
W3MEHEHHOIO peXuma MonoBoAuA Ha QYHKLMOHUPOBAHME SKOCUCTEMbI MONMBI
1 Ha OVHaMVKy Bbl/lOBa pPbiObl B KOMMEPYECKOM pblbonioBcTBe. Halum pesynbTathl
MOKa3blBAIOT, YTO KaK PEXIMM 3aTOMJIEHNA, TaK U BUAOBOW COCTAB Pbli6bl, CyLLECTBEHHO
M3MEHUNNCL 3a NocnefHue gecatuneTrs. MNocne coopy>keHns NIoTUHbI Bomxckoin
9C exerogHble MaKCMManbHble Pacxofbl YMEHbLMANCb, MUHUMalbHblE pacxofbl
YBENIMYMANCb, HO CpefHMe rofoBble Pacxofbl MO CPAaBHEHMWIO CO BPEMEHEM [0
CTpouTeNbCTBa MAOTWHbLI He K3MeHWnucb. bonee Toro, n3-3a cpesknu YpoBHsA
[Ha Ha Ooniee 4yeM nonTopa MeTpPa, Heo6XoauMmbl 6Gonbluve pacxogbl As
OOCTUXKEHNA BOAOW MPEXHUX YPEe30B U 3anosiHeHus noimbl. OfHaKo, HeCMOTps
Ha CyLIeCTBEHHO V3MEHEHHbIN MMAPOSIOrMYecKUn pexxum Bonrv n nocnegyouiye
reoMopdonormyeckne U3MeHeHUs, CErofHALWHAA cMCTeMa ynpasnieHnsa cbpocom
BOAbl Yepe3 MNIOTMHY obecneuynBaeT 3HauYMTENlbHOE 3anoJsIHEHME MOWMMbI BOAOW
B BECEHHWA Mepuog, MO3BONAS MNOWME BbIMOMHATL CBOM 3KONOFMYEeCcKMe 1
rmgponoruyeckme ¢yHkuMmM. Mbl onpegenunn TecHyl B3aMMOCBA3b MeEXAY
06bemMamMm KOMMepPUYECKIMX BbIIOBOB PblObl M MacluTabamy MONIOBOAbBS, O3HAYAOLLYO
yBeJIMYeHVe NMOMOJIHEHUA PbIb U yNyylleHre COCTOAHUSA KOPMOBO 6a3bl BO Bpemsi
BbICOKMX MosioBoAWN. [AnA JanbHenwero oobsacHeHWA GU3NYEeCcKor CBA3N MeXay
pacxogamu Bonrv v BbloBaMU pbibbl HEOGXOAUM aHanNU3 MPOCTPAHCTBEHHO-
BPEMEHHOr0 Pa3BUTUA HEPECTa 1 YCNOBUIA 06UTaHNA MONOAN BHYTPU NOWMbI, 1 Kak
3TV NPOLIECChl 3aBUCAT OT EXKErO4HOI0 3arnofIHEHMA NOVIMbl BOLON.
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2.3 Introduction

River integrity is tightly linked to natural flow regimes (Lowe-McConnell,
1964; Junk, Bayley & Sparks, 1989; Bayley, 1995; Poff et al., 1997) and peri-
odic flooding plays an important role in ecological processes in floodplain
systems (Junk et al., 1989). Natural variations in magnitude, duration and
timing of the flood pulse drive geomorphologic changes and thereby ha-
bitat complexity, resulting in high biodiversity in river floodplain systems
(Bayley, 1995). Floodplains offer a wide array of temporarily suitable habi-
tats that can be crucial for many species as feeding, spawning, nursery and
refuge areas (Starrett, 1951; Holland and Huston, 1985; Baber et al., 2002).
Timing, duration and extent of inundation have been proposed to be the
main factors determining the value of floodplains for spawning and growth
of fish (Welcomme, 1979; Trifonova, 1982; Bailly, Agostinho & Suzuki, 2008;
Balcombe & Arthington, 2009). Therefore, commercial fish stocks are ex-
pected to be linked to natural flood pulse dynamics and respond to flood
alterations.

Regulation of the flow regime often leads to habitat degradation and spe-
cies loss in floodplains (Poff et al., 1997; Bowen, Bovee & Waddle, 2003). The
effects of damming on downstream areas are variable, and depend on the
type of river and dam design (Ligon, Dietrich & Trush, 1995; Magilligan, Hay-
nie & Nislow, 2008). River damming, generally leads to: 1. equalization of
floods between years; 2. reduction of high floods (by both levelling off the
peak within a year and reducing the probability of a large flood between
years); 3. reduction of connectivity between main river channel and flood-
plain water bodies (Amoros & Bornette, 2002; Miranda, 2005; Thomaz, Bini
& Bozelli, 2007). The response of floodplain biota to changes in connectivity
of water bodies is dependent on the type of organisms. Macrophytes and
macro-zoobenthos show a hump-shaped relationship with increasing con-
nectivity, while for fish the relationship is more gradually increasing. The
diversity of amphibians on the other hand, decreases with connectivity
(Amoros & Bornette, 2002). Overall, diversity is highest at intermediate con-
nectivity of the floodplain water bodies, as a result of habitat complexity
caused by high flood pulse variability.

The largest floodplain ecosystem in Europe, the Volga-Akhtuba floodplain

has highly diverse flora and fauna (Litvinov et al., 2009). The geomorphology
and vegetation of this floodplain have been preserved in a relatively undis-
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turbed state when compared to other large rivers in Europe. The floodplain
is situated in the semi-arid continental climatic zone with very dry and hot
summers and severe winters (Averina et al., 2000). In 1960, the Volgograd
hydropower dam, the last dam in Volga-Kama cascade, was completed. It
is the most downstream dam, located just upstream of the Volga-Akhtuba
floodplain. Dam construction altered the Volga flow regime, although total
annual discharge remained similar (Rakovich, Vyruchalkina & Solomonova,
2003; Litvinov et al., 2009). Moreover, the flow regime in the Lower Volga
still follows a semi-natural cycle of large snow-melt floods in late spring that
inundate extensive areas (300x20 km) for 5-7 weeks (Gorelits & Zemlyanov,
2005; Middelkoop et al., 2005), since the regulation scheme aims at maintai-
ning a sufficiently large peak flow to provide extensive spawning grounds
for fish in spring (Rakovich et al., 2003). Over the past decades numerous
studies have reported on the hydrological changes and water balance of
the Volga, its effects on the Caspian Sea water level, and the relations with
large-scale atmospheric circulation patterns as well as the establishment of
the reservoirs and water consumption from the river for various purposes
(Rodionov, 1994; Demin & Ismaiylov, 2003; Rakovich et al., 2003; Sidorenkov
& Shveikina, 2006; Arpe & Leroy, 2007; Renssen et al., 2007). However, little
attention has been paid to the hydrological changes of the Lower Volga
discharge in terms of the inherent characteristics of the annual flood pulse
in the Volga-Akhtuba floodplain ecosystem and its effects on floodplain
ecological functioning.

The objective of this study is to quantitatively analyze variations in the
characteristics of the annual flood pulse of the Lower Volga and to assess
whether these are related to fluctuations in commercial fish catches in the
area. For this purpose we first compare the Volga River discharge before
and after dam construction using long-term data (1879-2006). Then, we
study how the flow regime and particularly the characteristics of the annual
spring flooding have varied in the period after damming from 1960 until
2006. Finally, we examine the influence of flood dynamics on commercial
fish catches in the Lower Volga channel and adjoining floodplains.
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24 Methods
24.1 Study Area

The Volga River (Russian Federation), with a length of 3,690 km and an
average annual discharge of 8,103 m3s™, is the largest river in Europe and
16™ in the world (Litvinov et al., 2009). It has a combined rainfall / snow-
melt flow regime, with a discharge peak in May-June. A cascade of reservoir
dams in the Middle Volga, completed in the 1960s, has altered the natural
flow regime of the Lower Volga downstream of Volgograd (Mordukhai-Bolt-
ovskoi, 1979; Rakovich et al., 2003; Middelkoop et al., 2005). Directly down-
stream of the Volgograd dam, the Volga divides into the Lower Volga River,
the main channel, and the Akhtuba River, a smaller distributary. The rivers
run almost parallel down to the Caspian Sea, and bound the Volga-Akhtuba
floodplain (Fig. 2.1). The Volga-Akhtuba floodplain extends over a length of
300 km, and is 10-30 km wide (Fig. 2.1). The rivers and floodplain together
form a valley within the Caspian plains, bordered by steep cliffs that, for a
large part, are still being actively eroded by the Volga River (Korotaev, Ba-
bich & Chalov R. S., 2009). The floodplain is a flat gently sloping area that
is dissected by numerous floodplain channels and covered by thousands
of lakes and residual floodplain channels. The floodplain comprises large
nature areas, as well as extensive agriculture (Losev et al., 2008). In the up-
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Figure 2.1 Map of the Volga—Akhtuba floodplain and its location in Russian Federation.
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stream part, there are small dikes and remains of irrigation systems that
provided water for abundant vegetable cultivation before the 1990s. In the
upper part of the floodplain the Akhtuba River is the main contributory of
floodwater, rather than the Volga itself (Sheppel, 1986). During a flood, ri-
ver water flows from the upper Akhtuba into the floodplain channels that
distribute the water into the floodplain. Floodplain lakes then become con-
nected to the rising water levels in the floodplain channels, and the flood-
plain surface inundates when the banks of these floodplain channels are
overtopped.

24.2 Analyses

To assess changes in the flow regime of the Volga River resulting from the
construction of the chain of Volga reservoirs in the 1950s-1960s we ob-
tained monthly average discharges for the period 1879-1935 and 1953-
1985 at Volgograd from the Oak Ridge National Laboratory Distributed
Active Archive Center (ORNL DAAC) (Vorosmarty, Fekete & Tucker, 1998).
In addition we obtained scattered daily discharges for 1936-1939 and 1942
from Moscow State University. For the hydrological analyses of the 1960-
2006 period after the completion of the Volgograd Reservoir Dam we ob-
tained daily Volga River discharges at the Volga Hydropower Station, water
levels, water and air temperatures at the city of Volgograd, as well as water
levels and temperatures of the Upper Akhtuba at Srednaya Akhtuba, from
the Volgograd Centre of Hydrometeorology and Environmental Monito-
ring, Volgograd, Russian Federation.

We compared discharges before and after damming using the records of
monthly average discharges. For each year we determined the annual to-
tal discharge, the lowest monthly discharge and the maximum monthly
discharge. This allowed comparing the annual amounts of available water,
as well as the effect of the reservoir management regime on the lower and
higher extreme discharges.

For the detailed analyses of flood pulse characteristics in different years
we identified 18 potentially relevant hydrological variables from the daily
data records from 1960-2006. These variables describe a flood in terms of
its magnitude, timing, duration and associated water temperature (Table
2.1). Since we were specifically interested in characteristics that affect the
floodplain, we determined the minimum water level for which the Akhtuba
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Table 2.1  Hydrological and temperature variables selected for analysis.
Group (corresponding | Variable Description
with)
1. Hmax Maximum water level measured at Srednaya Akhtuba
(Flood size) Qmax Maximum discharge from Volgograd reservoir
Hmeanflood Mean water level at Srednaya Akhtuba during flooding
Qmeanflood Mean discharge from Volgograd reservoir during flooding
2. Qmean Mean discharge from Volgograd reservoir
(Flood duration and Vflood Sum volume during flood
o= Wetdays Number of days with water level (H) above the flooding
threshold
DateEndflood | Date of the end of flooding
Tendflood Water temperature at Srednaya Akhtuba on the last day
of flooding
3and 4. Hmin Minimum water level measured at Srednaya Akhtuba
(Low flow period) Hmeandrydays | Mean water level measured at Srednaya Akhtuba exclu-
ding flooding
Qmin Minimum discharge from Volgograd reservoir
Tmeanflood Mean water temperature at Srednaya Akhtuba during
flooding
5. DateHmax Date of maximum water level at Srednaya Akhtuba
(Flood timing) DateQmax Date of maximum discharge from Volgograd reservoir
Tearly Sum of degree-days during the first 14 days of flooding
DateStartflood | Date of the start of flooding
Tstartflood Water temperature at Srednaya Akhtuba on the first day
of flooding

River water starts to flow into the floodplain channels. Based on a field sur-
vey we determined this level at -6.5 m Mean Sea Level (MSL) measured at
Kronstadt, Russian Federation. Periods during which the water level at the
Srednaya Akhtuba station (located on Akhtuba River 10 km downstream of
its splitting from the Volga River, Fig. 2.1) exceeds this threshold are defined
as flood events. Using the 18 selected flood variables we clustered floods
according to their similarity using Ward’s algorithm (Ward, 1963). In addi-
tion, we analyzed the overall similarity of floods with principal components
analysis (PCA) using the correlation matrix (Ter Braak & Smilauer, 2002).

We obtained commercial fishery catch data (aggregated to total catches
per species per year) in floodplain lakes (1959 — 2002) and the Volga river
channel (1958 — 2003) from the Volgograd Fisheries Inspection. Unfortuna-
tely, information on fishing effort was unavailable, rendering it impossible
to decide whether long-term changes in catch weight can be contributed
to changes in abundance of fishes, or to changes in fishing effort. Moreover,
it is unknown how much ‘unofficial, and therefore unregistered fishing took
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place. Because no major change in applied types of fishing gear occurred,
the data can be used e.g. to explore temporal developments of species
composition. To summarize overall developments in the commercial cat-
ches of both the floodplain and Volga River we performed a principal com-
ponents analysis (PCA) of the percentage of species composition over the
years. Percentages were arcsine-transformed (arcsine v/ [%/100]) before the
analysis. Only species occurring in both areas, contributing >1% of the total
commercial catches were included (Table 2.2).

Table 2.2  Ecological guilds of species making up 95% of the total catches in the River Volga
channel and the Volga-Akhtuba floodplain.

Species Code | Common name  Family Ecological guild
Abramis ballerus (Linnaeus, 1758) Abba | Blue bream Cyprinidae Eurytopic
Abramis brama (Linnaeus, 1758) Abbr | Common bream | Cyprinidae Eurytopic
Aspius aspius (Linnaeus, 1758) Asas | Asp Cyprinidae Rheophilic
Blicca bjoerkna (Linnaeus, 1758) Blbj White bream Cyprinidae Eurytopic
Carassius gibelio (Bloch, 1783) Cagi Gibel carp Cyprinidae Eurytopic
Esox lucius (Linnaeus, 1758) Eslu Pike Esocidae Eurytopic
Leuciscus idus (Linnaeus, 1758) Leid Ide Cyprinidae Rheophilic
Pelecus cultratus (Linnaeus, 1758) | Pecu | Sabrefish Cyprinidae Rheophilic
Perca fluviatilis (Linnaeus, 1758) Pefl Perch Percidae Eurytopic
Rutilus rutilus (Linnaeus, 1758) Ruru | Roach Cyprinidae Eurytopic
Sander lucioperca Salu Pikeperch Percidae Eurytopic
(Linnaeus, 1758)

Scardinius erythrophthalmus Scer Rudd Cyprinidae Limnophilic
(Linnaeus, 1758)

Silurus glanis (Linnaeus, 1758) Sigl Wels Siluridae Eurytopic

To investigate the effects of flood variables (explanatory variables) on the
variation of fish catches (response variables) redundancy analyses (RDAs)
(Ter Braak & Smilauer, 2002) were performed separately for the floodplain
and Volga catch data. In order to remove the effects of long-term changes,
and to concentrate on the short-term effects of present and preceding
floods on the catch, we calculated the response variables as follows:

+ Catches per species (in tonnes) were ®log-transformed to convert the
overall exponential decrease with time into linear trends. In case of zero-
catches, these were considered not as true zeroes, but as catch levels
below detection level, and were set to half the level of the minimum
non-zero catch per species. For gibel carp, a non-indigenous species,
zero catches were not filled in for the Volga-area, until it first appeared in
the catch in the late 1980s;
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- Differences of the log-transformed catches per species between subse-
quent years were calculated, to emphasize year-to-year variation;

« The overall means of the "log-transformed catches per species were cal-
culated, as an indication of the overall level of the catches per species.
These values were added to the year-to-year differences so that the final
response variables to be entered into the RDA were expressed as the dif-
ferences between two subsequent years, weighted for the overall mean
per species.

+ Finally, standardized redundancy analyses (RDAs) were performed with
flood variables as explanatory variables, using lag periods of 0 — 4 years
(to explore the possible delayed response of the fish community to floo-
ding, related to recruitment to commercial sizes), as well as with the ari-
thmetic means of flood variable values of the current and the two prece-
ding years.

Flood variables that were identified as significantly contributing to the ex-

planation of variation in the year-to-year differences in fish catches in the

RDAs, were further examined by linear regression.

2.5 Results
2.5.1 Flood characteristics

The natural flow regime of the Volga River from the pre-damming period
1889 - 1953 shows some clearly different characteristics when compared
to the post-damming period (Fig. 2.2). First, the peak flow magnitudes
have decreased. Before damming, the maximum monthly reached va-
lues between 20,000 and 39,000 m?/s; the high floods of 1926 and 1929
reached maximum discharges of 59,000 and 45,500 m3/s, corresponding
to a flood volume of 245 and 207 km?3 respectively. The 1930s appear to be
years with exceptionally low annual and peak flows (Fig. 2.2C). In the 1950s
the peak discharge decreased, while the winter discharge increased as a
result of dam building upstream of Volgograd. Reservoir regulation resul-
ted in a considerable reduction of the flood magnitudes: since the 1960s,
the highest monthly average discharges decreased by more than 10,000
m3/s compared to the pre-damming period. The largest flood after the dam
construction occurred in 1979, with a peak flow of 30,800 m3/s (Fig. 2.2B).
The flood of 2006 was exceptionally small, reaching a discharge peak of
only 18,300 m3/s. The reduced flood volume is a consequence of artificially
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(A) Changes in the monthly average discharge of the Volga River measured at Volgo-
grad. (B) Daily discharge of the Volga River for 1942, 1979, 1966 and 2006 represen-
ting a pre-dam flooding event, and postdam flooding of a high, average and low
flooding event. (C) Mean annual discharge, monthly maximum and monthly mini-
mum discharge for the period 1879-2006. Note that monthly averages mask peak
discharges when flooding events occur at the transition from one month to the next.
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maintaining a higher discharge than the natural flow during the rest of the
year. The natural Volga flow decreased in summer to less than 2000 m?/s,
with occasional low flow in early winter of less than 1000 m3/s. To date the
reservoir management artificially maintains a minimum flow of about 6,000
- 6,500 m3/s (Fig. 2.2A). In contrast to what was suggested in some literature
(Asarin, 1985) the total annual discharge of the Volga has only decreased
slightly after damming: the average annual discharge in the period 1897
- 1930 was about 268 km? (s.d. = 46.2 km?), while it was on average about
250 km? (s.d. = 42.7 km?) per year over the period 1961-2006, therefore a
decrease of less than 7%.
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Figure 2.3  Clustering result of floods (Ward method).
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Reservoir regulation also changed the timing and the rise and recession
of the floods. The natural rise of a flood could take up to a few weeks (Fig.
2.2B), peak values lasted only for a few days, and recession of the flood con-
tinued until low flow conditions were reached by mid-July. The regulated
floods show a steep rise in discharge at the onset of the flood: within two
weeks the peak flow is reached. Furthermore, high discharge levels are
maintained at a constant level for 1-2 weeks, before they fall back to lower,
but still elevated values. At the end of the flood by mid-June, discharge de-
creases more rapidly than the natural flood recession to low flow values.

Cluster analysis of the floods in the period of 1961-2006 resulted in 4 distin-
guishable clusters plus the floods of 1979 and 2006 which were so anoma-
lous that they are separate from floods from other years (Fig. 2.3).

The PCA resulted in 42.5% of the total variance among the flood charac-
teristics explained by PC1 and 18.5% by PC2. PC1 strongly correlated with
variables describing flood magnitude: Qmax, Qmean, Vflood and Wetdays.
PC2 strongly correlated with variables describing the timing of a flood
event: Tearly, DateStartflood, DateQmax and DateHmax (Fig. 2.4A). Plotting
the floods in the Vflood - DateQmax plane, representing the dominating
variables correlating with PC1 and PC2, illustrates the clustering of floods
from different years (Fig. 2.4B).

Floods from the years before damming (with the exception of very low
flood in 1937, falling in cluster 3) do not fall in any cluster, and are charac-
terized by a higher and later flood than after damming. It should be noted
that the pre-damming floods presented in this graph are still considerably
smaller than flooding events occurring before the 1930s (Fig. 2.2).

The following types of floods are identified:

+ Cluster 1: Floods of average volume with early timing

+ Cluster 2: Larger than average floods with early timing

+ Cluster 3: Smaller than average floods with late timing

« Cluster 4: Floods of average volume with late timing

« 1979:Very large flood with late timing

+ 2006: Very small flood with early timing

Floods of type 1 and 2 have become relatively more frequent since the mid-
1990s, while floods of type 3 and 4 have become rarer (Fig. 2.5). In other
words, average, or larger than average floods with early timing have be-
come more frequent than average, or smaller than average floods with late
timing.
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Figure 2.5 10-year moving average of frequency of occurrence of the 4 clusters of flood types.
The clusters are as in Figure 4.

2.5.2 Fish catches

Commercial catches in the Volga channel and floodplain lakes in the Volgo-
grad Region already dropped by 50% immediately after the Volgograd dam
closure (Delycyn, 1967). Catches continued to decrease in both the Volga
channel and floodplain with time (Fig. 2.6). Catch composition consistently
differed between the Volga channel and the floodplain lakes according to
the flow preference of fish species, with a larger abundance of rheophilic
species in the Volga channel (especially asp, ide and sabrefish), and lim-
nophilic (especially phytophilic) species more abundant in the floodplain
(pike, gibel carp, and rudd). Eurytopic species such as white bream, roach
and perch were relatively more important in the floodplain catches, while
common bream and pike-perch were more abundant in the Volga channel
catches.

In addition to the clear differences between floodplain lakes and Volga
channel catches, there is a remarkable difference in the fish catches in the
periods before and after 1990 (Fig. 2.7A). This distinction can be attributed
to a large extent to the importance of asp in the Volga, and perch in the
floodplain (distinction between areas) and the importance of gibel carp af-
ter 1990 (Fig. 2.7B).

The ordinations by redundancy analysis (RDAs) indicated that for the flood-
plain lakes the flood variables significantly explain the differences in fish
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Figure 2.7 (A) Biplots of the principal components analysis of commercial catches in the Flood-
plain and Volga channel. (B) 3D-plot of the three fish species that distinguish the
Floodplain and Volga commercial catches in the periods until 1990 and thereafter.
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catches between the current (lag=0) and preceding year (lag=1). The flood
variables of the preceding year (lag=1) also significantly explain these dif-
ferences. However, flood variables do not significantly explain the year-to-
year differences in fish catches from the Volga channel. For the significant
ordinations 55 - 60 % of the variance in channel fish catches is explained
by flood variables, with 40 - 44% explained in the first three PC axes (Fig.
2.8). For the floodplain, a large and long flood (large Vflood, Wetdays and
DateEndflood) in the current year correlates with lower catches of most fish
species compared to the preceding year. This effect is particularly strong
for perch, bream, roach, asp and pike. A late start of the flood and high
temperatures at the start of the flood resulted in higher catches in that year.
As expected, the effects of flood variables in the preceding year (lag=1) are
more or less opposite to those in the current year (lag=0). For the flood-
plain, a high flood discharge, early start of the flood, and high flood water
levels in the previous year resulted in relatively higher fish catches in the
current year, while a late start of the flood in the previous year resulted in
lower catches. Here too, the effect on perch, bream, roach, asp and pike
was strongest. Total fish catch differences with preceding years show signi-
ficant negative correlations with flood duration (Wetdays) and positive with
the temperature at the start of flooding in particular year (Tearly) (Fig. 2.9).
Moreover, fish catches in a particular year were positively correlated with
flood magnitude (Qmeanflood) and negatively with the date of start of the
flooding (DateStartflood) in the preceding year (Fig. 2.9).

2.6 Discussion
2.6.1 Flood pulse changes

The flood pulse magnitude of the Lower Volga River has shown considera-
ble variation over the past century, with a major reduction in magnitude
after the completion of the Volga-Kama cascade of reservoirs. The variation
in the amounts of water that have entered the floodplain each year — both
before and after completion of the reservoirs - are due to different proces-
ses. Some of these underlying processes show a cyclic variation, other are
progressive; they operate at different time scales, and are climatic, geomor-
phologic or anthropogenic in nature.
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Before the construction of the reservoirs, the Volga discharge regime was
mostly determined by climatic variables, i.e. the net precipitation surplus
and a seasonal snow melt peak in spring. These climate variables have
shown a considerable year-to-year variability, resulting in a large variation
in total annual Volga discharge, as well as in the spring flow. Since variations
in the annual Volga discharge contribute for 80% to changes in the Caspian
Sea water balance and inherent sea level changes, several researchers have
attempted to detect cyclicity in the annual discharge magnitude, and to
find statistically significant correlations with large-scale atmospheric circu-
lation patterns, ENSO and NAO (Rodionov, 1994; Sidorenkov & Shveikina,
2006). Arpe et al., 2000 found - after attempting various lags and shifts in
the start month for the hydrological year — that annual Volga discharge sig-
nificantly correlating with Niflo-4 sea surface temperatures (SSTs) when the
latter are averaged from spring to next winter, and the averaging of annual
Volga River Discharge starts in the winter of the SST averaging period. The
amounts of snow accumulation in the Volga River basin might be larger
during years of positive NAO index, causing larger amounts of moisture
into NW Europe (Trigo, Osborn & Corte-Real, 2002; Zveryaev, 2004). We
compared the magnitude of the Volga annual (Nov-Sep) and spring flow
(April-Jun) during the pre-damming period (1879-1939) to Jones' Gibraltar-
Iceland winter (Oct-Mar) NAO-index (Jones, Jonsson & Wheeler, 1997 ). Ho-
wever, neither annual discharge nor the spring flow showed a significant
correlation with the NAO index. The runoff regulation after the construction
of the reservoirs since the 1960s has strongly affected potential correlations
between discharge and NAO: both fluctuations in peak flow and annual
flow are considerably damped by the reservoirs; while varying amounts of
water extraction for agriculture and evaporation losses from the reservoirs
have further affected the natural discharge of the lower Volga. Neverthe-
less, the amounts of precipitation surplus and snow melt water from the
Volga basin, both annually and in spring time, remain controlled by semi-
periodic variations in atmospheric circulation patterns over N-Europe, as-
sociated with NAO and ENSO (Rodionov, 1994).

After the reservoirs of the Volga-Kama cascade became operational, increa-
sing amounts of Volga water were withdrawn for industrial use and agricul-
ture until the 1990s (Demin & Ismaiylov, 2003). In the 1970s, about 20% of
the annual discharge was extracted from the natural Volga flow. To fulfil the
demands for navigation in the lower Volga and for energy production, the
reservoir management programs provided a higher minimum water flow
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during periods of low natural discharge (Vasilevskii et al., 2001). Although
this resulted in a reduction of the amount of water released during the
spring discharge peak, the regulation scheme aims at maintaining a suf-
ficiently large peak flow to provide extensive spawning grounds for fish in
spring (Rakovich et al., 2003). Still, water extraction and retention of water
in the reservoirs have considerably reduced the flood pulse magnitude for
the Volga-Akhtuba floodplain.

In addition to the reduced flood pulse magnitude, a second factor causing
less water entering the floodplain lies in the morphological changes in the
river channels that occurred after the reservoir was built. Firstly, the natu-
ral entry of the Akhtuba was artificially replaced by a canal downstream
of the dam. However, the unfavourable lay-out of the new bifurcation and
sand bars developing in the upstream parts of the Akhtuba decreased the
discharge capacity of this river, and caused within channel deposition of
sand in the Akhtuba channel (Chalov, 2005). Secondly, in the same period,
sediment trapping in the reservoir has led to channel bed degradationin the
Volga downstream of the reservoir dam (lvanov et al., 2006). Consequent-
ly, the river water level at Volgograd resulting from a given discharge has
dropped in the course of years, which occurs especially at lower discharges.
At a discharge of 10,000 m3s the water level has dropped over 1.5 meter in
nearly 50 years after completion of the Volgograd Dam (Fig. 2.10). This has
resulted in a decrease in inundation duration of adjacent floodplain as hi-
gher discharges are needed to reach bankfull water levels (Page et al., 2005;
Frazier & Page, 2006). To date the Volga discharge needs to be about 3,100
m3s™ larger than before dam building to reach the water level that causes
the water starting to penetrate into the Volga-Akhtuba floodplain via the
floodplain channels.

Our analysis of the characteristics of the spring peak flows during the peri-
od of Volga regulation (1960-2006) shows that the frequency of occurrence
of the identified clusters changes towards larger flood discharges (Fig. 2.5).
This might be due to the economic set-back in the Russian Federation in
the early 1990s, reducing water demand by industry and for irrigation of
agricultural lands and the increase of water recirculation (Demin, 2005).
Demin & Ismaiylov (2003) report a drop in water withdrawal from 37 to
29 km? during the early 1990s, despite an increase in water demand for
households. This economical effect on water demand contrasts damming
effects elsewhere, as damming generally results in decreased flood mag-

57



Chapter 2

18
Q-H Relationship
16 4
E M
K]
>
Q
512
S
©
=
10 - O 1969
o 1975
¢ 1990
® 2005
8 1 .
trend lines
T T T T T
0 5000 10000 15000 20000 25000

Discharge (m3/s)

Figure 2.10 Relationship between daily water level and daily discharge (upcoming water only)
for 4 years representing the time span of the data set (data points and polynomi-
al trend line). Trend line equations: 1960: y = 1.1172x0.2613 (R2 = 0.9755), 1975:
y = 0.7384x0.3006 (R2 = 0.9784), 1990: y = 0.5396x0.3323 (R2 = 0.99), 2005: y =
0.2929x0.3932 (R2 = 0.9905). Water levels are raised by 20 to create positive values in
order to calculate the trend line.

nitude and peak discharge (Poff et al., 2007). Due to the opposite effects
of channel bed incision below the Volgograd reservoir dam and increased
Volga discharge, there has not been significant change in flood duration
over the past decades. However, as bed incision continues, a reduction in
flood duration is anticipated when water demand resumes in response to
economic recovery.

In conclusion, the flood pulse magnitude of the Volga-Akhtuba floodplain
has considerably decreased due to the reservoir construction. In spite of
regulation, considerable year-to-year variation in flood magnitude and ti-
ming has remained. However, the combination of hydrological changes,
channel bed degradation downstream of the Volgograd dam, and silting-
up of the Akhtuba has led to decreasing amounts of flood waters entering
the Volga-Akhtuba floodplain over the past decades.
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2.6.2 Implications for fish populations and reproduction

The damming of the Volga River and its resulting flow alterations and en-
vironmental changes was followed by a dramatic decrease in fish catches
observed in both the floodplain lakes and the Volga channel (Fig. 2.6). Even
though the catch data are potentially flawed it is highly unlikely that the
observed 10 to 20-fold decrease in total fish catches is entirely due to regis-
tration errors, or misreporting. Moreover, similar drastic drops in commerci-
al catches as a result of damming were reported for many other temperate
and tropical large rivers such as the Danube, Missouri, Columbia, and Niger
(Welcomme, 1979; Hol¢ik, 2003). Dam construction resulted in blocking of
longitudinal fish migration routes and therefore led to a dramatic decre-
ase in abundance of migratory species such as sturgeons in the Volga River
(Khodorevskaya et al., 1997; Billard & Lecointre, 2001; Usova, 2005). In ad-
dition to the blockage of longitudinal fish migration routes, equalization of
floods after damming, combined with changes in the timing and duration
of the floods decreased habitat variability in the floodplain, favouring more
eurytopic fish species. Moreover, flow regulation promotes invasion suc-
cess of non-native species (Moyle & Light, 1996a; Marchetti & Moyle, 2001),
which are often better adapted to the new conditions. The most important
factor determining fish invasions in streams and estuaries was shown to
be the match between the invader and the abiotic environment, while bi-
otic resistance (Case, 1991) seemed to play a minor role (Moyle and Light,
1996b). The sudden increase of gibel carp around 1985 in the Volga-Akh-
tuba floodplain is an indication of these effects. A similar drop in catches
and gibel carp invasion was observed in the Danube delta lakes following
the construction of upstream dams (Navodaru, Buijse & Staras, 2002). This
confirms that changes in flood pulse characteristics change the ecological
functioning of floodplains for aquatic organisms (Junk et al., 1989; Ligon et
al., 1995). Especially for species that rely on (temporarily) submerged ter-
restrial vegetation for food, shelter and spawning, such as insects and fish,
decreased floodplain availability may result in growth reduction, mortality
and reproduction failure (Sommer et al., 2001; Magalhaes et al., 2007; Want-
zen etal., 2008).

Flood timing in the Volga-Akhtuba floodplain shifted towards earlier onset
and flood peak (types 1 and 2, Fig. 2.5). This is expected to have major eco-
logical implications, because in temperate regions temperature and light
availability are highly critical for many ecological processes such as primary
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production, metabolic processes, and as spawning and hatching cue for in-
sects and fish (Blaxter, 1992; Menzel & Fabian, 1999; Mingelbier, Brodeur
& Morin, 2008). Earlier flooding can result in a mismatch between flood-
ed habitat availability and temperature-driven processes, such as growth
(Schramm & Eggleton, 2006). Likewise, flood-driven processes, such as fish
migration to spawning grounds (Abe et al., 2007) may be triggered at low
temperatures that are not optimal for spawning. This mismatch may re-
sult in prolonged hatching times, limited food and habitat availability, and
therefore increased mortality of offspring (Blaxter, 1992; Avakyan, 1998).
Moreover, during spring flooding water is released from the bottom of the
reservoir, which leads to lower water temperatures during the flood com-
pared to the pre-damming situation. Such dam-induced thermal alteration
has significant effects on productivity and the reproduction, growth and as-
semblage structure of organisms (Haxton & Findlay, 2008). The faster drop
in relative abundance of early and one time spawning fish species such as
asp and bream compared to more warm-water, batch spawners is corrobo-
rated by this mechanism. The fact that we only observed this effect in the
catches from the Volga main channel and not in the catches from flood-
plain lakes could be explained by the buffering effect of the morphological
and resulting thermal complexity of the Volga-Akhtuba floodplain during
flooding (Gérski et al., 2010), as well as by faster warming of shallow waters.
Fish populations in the Volga-Akhtuba floodplain still depend on variati-
ons in the year-to-year flow regime, besides flow alterations and long-term
environmental changes. A large flooding in a particular year generally re-
sulted in a higher fish catch in the subsequent year, suggesting that the
abundance of catchable fish will increase, probably through better survival
and growth during high flood (Junk et al., 1989; Grift, 2001; Barko, Herzog
& O'Connell, 2006). Moreover, larger floods are reported by the fishermen
to have the effect of releasing fish imprisoned within floodplain water bo-
dies and increasing the recruitment, therefore leading to better catches
in the source as subsequent years (Welcomme, 1985). Similar correlations
between fish catch in any year and flood magnitude in the preceding year
were reported in the Danube River system (Hol¢ik & Bastl, 1977). No such
relationships were found for the floodplains of the Mississippi river system,
which are highly disconnected from the main river (Risotto & Turner, 1985).
Magnitude and duration of floods was reported to relate directly to fish
yields also in other tropical and temperate floodplain river systems (Wel-
comme, 1985; Moses, 1987; Bayley, 1991). Additionally, improved catches
during low waters are known from most fisheries as shallower waters fa-
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vour the capture of fish (Welcomme, 1985). This could be further explana-
tion to the observed higher catches in years with short floods, althoughiit is
unlikely that this completely explains the observed differences.

Despite the significantly altered hydrological regime of the Volga River af-
ter damming, discharge management still provides significant spring floo-
ding, preserving eco-hydrological functioning of the floodplain. As such,
the Volga River distinguishes itself from many other regulated rivers world-
wide, where dam constructions do not allow for any flooding period to be
maintained (Postel & Richter, 2003). Future management strategies should
carefully take regime requirements of the native fish fauna into conside-
ration. Post-damming changes in floodplain morphology may require ad-
ditional management actions in order to preserve floodplain diversity and
productivity.
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Fish spawning in a large temperate flood-
plain: the role of flooding and temperature

3.1 Abstract

Floodplains are a key habitat for foraging, spawning and as a nursery for many rive-
rine fish species. The lower Volga floodplains (Russian Federation) are still relatively
undisturbed, while in Europe and North-America about 90% of floodplains have ef-
fectively been lost. We examined relationships between the extent and timing of the
spring flood, lateral spawning movements of fish species, and timing and duration
of spawning in the floodplain by sampling during spring 2006 and 2007. Only the
spawning of rheophilic species, that realeased their eggs in the floodplain, coincided
with the flood. In contrast, the timing of spawning by eurytopic and limnophilic spe-
cies was unrelated to flooding. For most fish species we found no indication that the
majority of spawners in the floodplain originated from the main river channel, with
the exception of sabrefish Pelecus cultratus. We postulate that in the vast Volga-Akh-
tuba floodplain fish spawning stocks mainly originate from permanent floodplain
water bodies, whereas hydrological conditions are dominated by the river. Both the
river and water bodies on the floodplain may serve as sources for recolonization af-
ter local extinction due to extreme environmental conditions, such as freezing or
desiccation.



Spawning of fish in relation to flood pulse and temperature

Hepect pbl6 B nonime O6onbliON peKu
YyMepeHHOro Knmmarta: posib MoIoOBOAWNIA 1
TemnepaTypHOro pexnuma

3.2 Peslome

Mombl peK ABNAIOTCA KNIOYEBbIM MECTOM KOPMJIEHMA, HepecTa U pocTa MONoau
O MHOTUX peyHbiX BUAoB pbib. Morima HuxHen Bonru (Poccuiickan Oepepavms)
OTHOCUTENbHO HETPOHYTa 4YenoBeKOM, B TO BpemsA Kak B EBpome n CeBepHon
Amepuike pakTmueckn okono 90% Bcex NoriM noTepsHbl. Mbl M3yyanu B3aMMOCBA3N
MeXay Mmacwtabamy M BpPeMEeHeM BeCEeHHEero roJsIoBOAbA, natepasibHbiM
nepemeLlleHrem pa3nnyHbIX BUAOB pblb BO BpEMA HepecTan BpeMeHeM HacTyneHns
1 NPOAOIKUTENIBHOCTbIO HepecTa B MoMMenyTem BbI6opoYHOro 06/10Ba B BECEHHME
neprogbl 2006 12007 rofoB. ToNIbKO HepeCcT peoduIIbHbIX BUAOB Pblb, KOTOpble MeyyT
VKpY B NMOWMe, COBMagaeT C nosoBofbeM. HanpoTuns, BpeMA HepecTa 3BPUTOMHbIX
N NIUMHOOUNBHBIX BUAOB He ObiNIo CBA3aHO C BPEMEHEM HACTYM/IEHUA MOIOBOADBS.
[na 6onblINHCTBa BUAOB Mbl He OGHapPYXMNN NPU3HAKOB TOFO, YTO 6ONbLINHCTBO
HepecTAwmxca ocoben 3axoaumT B Norimy U3 pycna peku. MicknioueHne coctaBnseT
yexoHb Pelecus cultratus. Mbl noctynupyem, uto no Bcelt Bonro-AxTy6uHckom
novme pbi6a BbIXOAUT Ha HEPECT U3 BPEMEHHbIX NMOVMEHHbIX BOJOEMOB (EPUKOB 1
03ep), HeCMOTPA Ha TO, UTO FMAPONOrMYecKre YCII0BMA AOMUHNPYIOTCA pekor. Kak
peKa, Tak 1 MOMMEeHHble BOAOEMbl MOTYT CJTYXWUTb MCTOYHUKOM PEKOJIOHU3auun
nocse IoKasibHbIX 3aMOPOB BCNIEACTBUE SKCTPEMAJIbHbIX SKOTOTMYECKUX YCNOBUIA,
TaKMX Kak NpomMep3aHue unmn obcbixaHue.
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3.3 Introduction

The Flood Pulse Concept states that the predictable inundation of flood-
plains is the major driving force for the maintenance of biodiversity and
the production of river ecosystems (Junk, Bayley & Sparks, 1989; Tockner,
Malard & Ward, 2000). Seasonal flooding increases connectivity between
floodplain water bodies, and facilitates the exchange of nutrients, orga-
nisms and energy between aquatic and terrestrial compartments of river
ecosystems (Thomaz, Bini & Bozelli, 2007). At present, relatively undistur-
bed large floodplains can still be found in the tropics and the Arctic, but are
very rare in temperate regions, where most large rivers are highly modified
(Bayley, 1995; Nilsson et al., 2005).

Floodplains offer a wide array of different temporarily suitable habitats that
can be crucial as fish feeding, spawning and nursery areas as well as refugia
for many species (Baber et al., 2002; Holland & Huston, 1985; Poizat & Crivel-
li, 1997; Starrett, 1951). The timing, duration and extent of inundation have
been proposed to be the main factors determining the value of floodplains
for spawning and growth of fish (Bailly, Agostinho & Suzuki, 2008; Balcombe
& Arthington, 2009; Trifonova, 1982; Welcomme, 1979 ; Welcomme & Halls,
2004). Nevertheless, remarkably few studies have examined migrations of
fish from the main channel into the floodplains (lateral migrations) in natu-
rally functioning, large scale, river floodplains (Lucas & Baras, 2001). Some
studies on the lateral migration of fish in large natural floodplains are avai-
lable for tropical rivers (Castello, 2008; Wantzen et al., 2002). However, in the
temperate zone studies on lateral migration are available only for relatively
small rivers, the middle and upper reaches of larger rivers (Barko, Herzog
& O'Connell, 2006; Hol¢ik, 1996), or for floodplains in the lower reaches of
large rivers that are severely altered (Grift et al., 2001; Molls, 1999; Reynolds,
1983).

The Lower Volga and its adjoining floodplains in the Russian Federation
are still relatively undisturbed. The flow regime in the Lower Volga shows a
semi-natural cycle of large snow-melt floods in late spring, resulting in an
annual high-amplitude flood pulse that inundates extensive areas (300x20
km) for 5-7 weeks (Middelkoop et al., 2005). Therefore, the Lower Volga pro-
vides the opportunity to study lateral movements of fish in large natural
floodplains in the temperate zone.
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This paper focuses on lateral spawning migration of adult fish. Our main
objectives were to examine: 1) the relationship between the extent and ti-
ming of flooding and the timing and duration of spawning of various fish
species and 2) the proportion of fish entering the floodplain from the main
river channel to spawn in relation to the total number of spawners in the
floodplain, including those from the permanent floodplain water bodies.
Given the limited number of inlets from the main channel to the vast in-
undated floodplains of the Lower Volga during flooding, we hypothesize
that if, for a given species, the spawners in the floodplain mainly originate
from the main channel, then the number of fish moving into the floodplain
through these inlets is expected to be very much higher than the num-
ber of fish moving within the vast floodplain, due to dispersal. If spawners
mainly originated from floodplain water bodies, then no such difference
in numbers would be expected. To test this, and to relate the timing and
duration of spawning to the extent and timing of flooding, we monitored
fish abundance and maturity stages with gill-nets at inlets and within the
floodplain during the course of spring flooding in 2006 and 2007.

34 Methods
3.4.1 Study area

The Volga River (Russian Federation), with a length of 3,690 km and average
annual discharge of 8,103 m3s-1 is the largest river in Europe and 16th in
the world (Litvinov et al., 2009). It has a combined rainfall / snowmelt flow
regime, with peak discharge in May-June. A series of upstream dams, com-
pleted in the 1960s, only moderately altered the flow regime of the Lower
Volga downstream of Volgograd (Middelkoop et al., 2005; Mordukhai-Bolt-
ovskoi, 1979). Directly downstream of the Volgograd dam, the Volga splits
into the Lower Volga River, the main channel, and the Akhtuba River, a smal-
ler side-arm. The Volga-Akhtuba floodplain is over 300 km long, is bordered
by the Lower Volga River and Akhtuba River, and is 10-30 km wide.

The geomorphology and vegetation of the Volga-Akhtuba floodplain have
been preserved in a relatively undisturbed state, the floodplain is situated
in the semi-arid continental climatic zone with very dry and hot summers
and severe winters (Averina et al., 2000). Shallow water bodies in the flood-
plain may dry up in late summer, and freeze entirely in winter. The vege-
tation of the floodplain consists mainly of meadows (Averina et al., 2000)
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used for extensive grazing of cattle and hay production (Losev et al., 2008).
Woodlands are restricted to about 3% (Zolotarev, 2005).

As water level rises at the start of the spring flood, the floodplain is inunda-
ted via a maze of permanent and temporary side channels, though there
are relatively few inlets from either the Akhtuba River or the Lower Volga
River itself (Fig. 3.1). These inlets would have to serve as the only possible
entrances for fish moving onto the floodplain from either river.

Volga-Akhtuba
floodplain

Study area
; . Sampling sites
- >
§f L Akhtuba
‘ e River .~ Ty —
| e .
[ T s ; ™= [Akhtuba inlet
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Figure 3.1 A map of the Volga-Akhtuba floodplain and selected sampling sites.

3.4.2 Sampling strategy

To compare lateral movements of spawning fish from the river channels
into the floodplain with dispersal of spawners within the floodplain we mo-
nitored fish abundance at three sites. One inlet was selected on the Lower
Volga River ('Volga inlet, with a width of 100 m prior to flooding and incre-
asing to c. 300 m during flood, 48°29'3.22"N, 45° 6'46.06"E), one inlet on
the Akhtuba River (‘Akhtuba inlet, width 20 m prior to flooding increasing
to ¢. 80 m during flooding, 48°41'13.30"N, 45°11'40.40"E). To measure the
dispersal within the floodplain we selected one channel in the largest chan-
nel system of the central part of the upstream section of the Volga-Akhtuba
floodplain (‘Central floodplain;, width 150 m prior to flooding extending to
approximately 800 m during flooding, 48°34'11.29"N, 45°13'17.41"E) (Fig.
1). All sites were sampled during spring floods of 2006 and 2007.
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3.4.3 Environmental variables

Daily discharge, water level, water temperature and air temperature at
Volgograd were available for 1997-2007 and obtained from the Volgograd
Centre of Hydrometeorology and Environmental Monitoring. For the Volga
inlet and Central floodplain in 2006 and 2007, water levels and tempera-
tures were measured almost daily from neighbouring bridges across the
channels sampled. In addition, in 2007 water temperature was recorded at
one hour intervals on the Akhtuba River, Akhtuba inlet and Central flood-
plain using automatic data loggers (UA-002-64 HOBO® Temperature/Light
Data Logger).

3.4.4 Fish sampling

Fish movements were examined using gill-nets during the spring flood
from 13 April to 8 June in 2006. Inlets were not sampled until the onset of
the flood, because before that the river discharge was very low in 2006 (Fig.
3.2). In 2007 sampling was repeated from 14 April until 14 June. All sites
were sampled three to four times per week. For each sampling a set of three
commercial monofilament, nylon gill-nets was used, each with a different
mesh size (70, 100 and 140 mm stretched mesh size). Each net was 90 m
long and 2m deep. Nets were set overnight (11 h exposure) across the inlet
channels at a depth of 3-4 m. At the Akhtuba inlet nets were crossing ap-
proximately the entire channel, whereas at the Volga inlet and the Central
floodplain they crossed between 10-30% of the channel. We tried to mini-
mise bias in abundance data by always using the same sampling strategy,
including the use of the same set of nets, the same exposure time and a
similar placement of nets across the channels at similar depths. Abundance
was expressed as catch per unit of effort (CPUE) with number of fish per
setting (N/setting) as unit.

Each individual caught was measured, weighed and inspected for the ma-
turity of the gonads. Gonad maturity was classified in six stages (Nikolski,
1963). Stages | and Il correspond to immature individuals, stages Ill and IV
to maturing and mature individuals, stage V represent fish spawning (‘run-
ning’), and stage VI is reserved for post-spawners (‘spent’). Juveniles were
not considered for the analysis. All English and scientific names, abbrevia-
tions used, reproductive guilds and minimum spawning temperatures for
each of the fish species observed are given in Table 3.1.
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Daily discharge at the Volgograd Dam
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Figure 3.2 Daily discharge at the Volgograd Dam in 2006 and 2007 (the study years; data were
available up to June 2007) and the mean for 1997-2006.

Table 3.1

Spawning temperatures and reproductive guilds for selected species from the Vol-
ga-Akhtuba floodplain; Reproductive guilds: | = indifferent, Li = lithophilic, Pe =
pelagophilic, Ph = phytophilic (Bdndrescu & Paepke, 2002; Kottelat & Freyhof, 2002;

Reshetnikov, 2002).

Species
abbrev.
Abba
Abbr
Absa
Asas
Blbj
Caca

Cagi

Chva
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Scientific name

Abramis ballerus
(Linnaeus, 1758)

Abramis brama
(Linnaeus, 1758)

Abramis sapa
(Pallas, 1814)
Aspius aspius
(Linnaeus, 1758)

Blicca bjoerkna
(Linnaeus, 1758)

Carassius carassius
(Linnaeus, 1758)

Carassius gibelio
(Bloch, 1783)

Chondrostoma variabile
(Yakovlev, 1870)

Common
name

Blue bream
Common
bream

White-eye
bream

Asp

White bream
Crucian carp

Gibel carp

Volga nase

Minimum spawning
temperature (°C)
8

12

Reproductive guild

Ph

Ph

Ph

Li

Ph

Ph

Ph

Li
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Table 3.1  (continued)

Species | Scientific name Common Minimum spawning | Reproductive guild
abbrev. name temperature (°C)
Cyca Cyprinus carpio carpio Carp 16 Ph

(Linnaeus, 1758)

Eslu Esox lucius Pike 3 Ph
(Linnaeus, 1758)

Gyce Gymnocephalus cernuus | Ruffe 4 |
(Linnaeus, 1758)

Leid Leuciscus idus Ide 5 Li
(Linnaeus, 1758)

Pecu Pelecus cultratus Sabrefish 12 Pe
(Linnaeus, 1758)

Pefl Perca fluviatilus Perch 7 |
(Linnaeus, 1758)

Ruru Rutilus rutilus Roach 8 Ph
(Linnaeus, 1758)

Salu Sander lucioperca Pikeperch 15 |
(Linnaeus, 1758)

Scer Scardinius erythrophthal- | Rudd 18 Ph
mus (Linnaeus, 1758)

Titi Tinca tinca Tench 19 Ph
(Linnaeus, 1758)

Vivi Vimba vimba Vimba 18 Li
(Linnaeus, 1758)

3.4.5 Statistical analyses

Differences in fish abundance between sites were tested using the non-pa-
rametric Kruskal-Wallis test given the non-normal distribution of the abun-
dance data. This non-parametric test was suitable because of data heteros-
cedasticity and numerous zero catches for some species.

Logistic regression models (Jongman, ter Braak & van Tongeren, 1995) were
used to derive the spawning dynamics of different species in time. Individu-
als recorded in maturity stages V and VI (running and spent) were categori-
zed as'1; stages ll, lll and IV as ‘0’ Maturity stage | was classified as juveniles
and excluded from the analysis. The response variable (pij) was defined as:

nij(stages V and VI)

P = nij(stages V and V1) + nij (stagesll,llland V)

where: p =response variable (fraction of running and spent); n = number of
individuals caught; i = sex, j = the day of a calendar year (‘yearday’)

77



Chapter 3

The analysis was performed for species, sites and years separately. A logit
function g(M) was used to link the expected value of the response variable
(p) to the linear predictor:

M)=In——
oM "(1-p)

where: g(M) = expected value of fraction of running and spent; M = overall
mean.

The linear predictor for the expected fraction of running and spent was de-
fined using the following model:

g(M) =M + sex, + yearday, + §;
where: sex, = effect of ith sex; yeardayj = effect of j"" yearday; g; = error.

In the process of analysis the differences between sexes were compared and
if they were not significantly different (P < 0.05) so the sexes were pooled.

3.5 Results

3.5.1 Flooding dynamics

Compared to the average flood pulse during 1997-2006, the peak flow in
2006 was smaller and shorter, whereas in 2007 it was earlier and longer (Fig.
3.2), and a larger fraction of the floodplain was inundated.

During the flooding period, water temperature in the Akhtuba River gra-
dually increased, with very small daily fluctuations (Fig. 3.3), whereas water
temperature in the Central floodplain was about 6°C higher with marked
daily fluctuations. Water temperature in the floodplain dropped rapidly
when the area was first flooded, but within 10 days temperature was 6-9°C
higher than in the Akhtuba River once again. Differences of 6-15°C between
the Akhtuba and the Central floodplain were observed through the entire
flood event.

Initial water level prior to flooding was about 3 m lower in 2006 than in
2007 and, even during peak flow, water level was about 2 m lower in 2006
than in 2007 (Figs 3.4 & 3.5). Flooding started at around 5™ of May (125™" day
of the year) in 2006 and 26™ of April (116 day of the year) in 2007.
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Figure 3.3 Daily water temperature (mean + range) in selected sampling sites and in the River
Akhtuba.

3.5.2 Timing of spawning

Spawning fish were observed in both years at all three sites (Fig. 3.4). In
2006, seven species began to spawn in the Central floodplain before floo-
ding. In 2007, for most species spawning started earlier in the Central flood-
plain than in either inlet. Moreover (unlike 2006), in 2007 the sequence in
which spawning of the different species occurred was as expected based
on minimal spawning temperature. Spawning rheophilic species were
found only (i.e. white-eye bream and Volga nase) or mainly (i.e. ide, asp and
sabrefish) in both inlets. Moreover, the timing of spawning of rheophilic
species appeared to be related to the peak of the flood in both years. Spaw-
ning limnophilic species (i.e. crucian carp, tench, rudd) were found only in
the Central floodplain and late in the season, as would be expected from
their high minimal spawning temperatures.
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Figure 3.4 Water level and temperature of the Volga channel and, air temperature in Volgograd
in 2006 and 2007 (top panels). Duration of running individuals occurrence in sam-
pled sites of the floodplain. Full species name for species abbreviations given in Table

3.1
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3.5.3 Abundance and maturity

The largest number of fish in both years were caught in the Cental flood-
plain (1913 adult fish in total), followed by the Volga inlet (948) and the
Ahktuba inlet (531). For the five most abundant species, comparisons of
relative abundance (CPUE) and maturity over time between the Volga inlet
and the Central floodplain were made (Fig. 3.5, Table 3.2). Similar depth,
transparency and sampling strategy allowed direct abundance compari-
sons between these sites. In 2006, blue bream, common bream and sabre-
fish were more abundant at the Volga inlet than in the Central floodplain,
whereas perch and roach were more numerous in the Central floodplain
(Table 3.2). In 2007, blue bream, perch and roach were more numerous in
the Central floodplain. Sabrefish was slightly more numerous at the Volga
inlet and common bream in the Central floodplain, but the differences for
these two species were not statistically significant (Table 3.2).

Abundance of blue bream appeared to increase with water level at the
Volga inlet in 2006, with the highest abundance occurring well after the
peak of the flood (Fig. 3.5).In 2007, however, the abundance peak was less
clear, and occurred simultaneously with the highest water levels. Spawning
periods of blue bream appeared to be of extended duration (shallow slo-
pes of the logistic regression curves) in both 2006 and 2007 (Fig. 3.5). Com-
mon bream showed no peak of abundance at the Volga inlet or the Central
floodplain in either 2006 or 2007 (Fig. 3.5). In 2006 it did show a short spaw-
ning period (steep regression slopes), while it had an extended spawning
period in 2007 (shallow slope). Sabrefish catches reached a maximum a few
days after the peak of the flood at the Volga inlet in both years. In 2006, only
one spent female sabrefish was recorded in the Central floodplain, whereas
in 2007, sabrefish were also abundant in the Central floodplain, though
most were spent females, 43 of the 59 individuals examined having full sto-
machs. Steep logistic regression curves for sabrefish in both years (Fig. 3.5)
indicate a short spawning period, timed directly after the peak of flooding.
Perch and roach were the most abundant species in the Central floodplain
and were present in low numbers at the Volga inlet in both years. No clear
abundance peaks were found for either of these species with the possible
exception of roach in the the Central floodplain in 2006, where the highest
catches were made when also the water level peaked. The inflection points
of the logistic curves for perch were placed before sampling started or just
at the beginning, suggesting an early onset of spawning in this species. The
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inflection points of the logistic curves for roach usually followed the flood
peak (Fig. 3.5), suggesting later spawning than in perch.
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Figure 3.5 Water levels and temperatures as well as abundance and spawning dynamics (pro-
portion of spawners, logistic regression curves shown where significant) of fish at
the River Volga inlet and in the Central floodplain in 2006 and 2007.
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Table 3.2 Differences in mean CPUE (N/setting) of the five most abundant fish species between
the Volga inlet and the Central floodplain sites (Fig. 1). Significance of differences is
indicated by P (based on Kruskal-Wallis test), H: test statistic; n.s.: non-significant.

Year  Species Volga Inlet Central Floodplain H P
Mean CPUE | Standard | n Mean Standard | n
(N/setting) | deviation CPUE (N/ | deviation
setting)
2006 | A. ballerus 6 8.8 9 2 33 15 4.7 | <.05
A. brama 20 11.4 3 4.1 10.8 | <.01
P. cultratus 13 17.4 0 0.3 83 | <.01
P. fluviatilis 2 1.6 14 18.1 49 | <.05
R. rutilus 0 0.3 12 15.2 6.9 | <.01
2007 | A. ballerus 2 4.5 12 5 3.8 16 57 | <.05
A. brama 4 2.7 7 73 0.6 | ns.
P. cultratus 8 11.4 5 6.8 0.08 | n.s.
P. fluviatilis 2 3.5 12 9 12.8 | <.01
R. rutilus 7 11.8 30 40.6 6.9 | <.01

3.6 Discussion
3.6.1 Is spawning triggered by flooding?

As expected, our results show that only the rheophilic species that spawn
in the floodplain are timing their spawning activity in relation to the flood
pulse, whereas the timing of spawning of eurytopic and limnophilic species
seems to be more or less indifferent to the flood pulse. Spawning of the
eurytopic common bream showed a stronger link with timing and duration
of the flood in 2006, which was a year with a small flood pulse (Fig. 3.5), pro-
bably due to spawning habitat limitation. Therefore, it seems that for some
eurytopic species flooding could enhance spawning, but it is not strictly
required, whereas for rheophilic species (i.e. sabrefish) spawning seems
to depend more strongly on the flood pulse. Directly linking the timing of
spawning to water temperature is made difficult by the large temporal and
spatial variance in water temperatures (Fig. 3.3) in the complex and dyna-
mic Volga floodplain (Fig. 3.1). Aquatic habitats within the floodplain have
a broader temperature range than the river itself (Tockner, Malard & Ward,
2000). Fish, however, are very well capable of finding patches with suitable
spawning temperature, as was shown for pike in the floodplain of the St.
Lawrence River (Mingelbier, Brodeur & Morin, 2008). This might also explain
why species with different minimum spawning temperatures (Table 3.1)
showed simultaneous spawning periods (Fig. 3.4).
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3.6.2 Is there mass spawning migration from the river into
the floodplain?

High spring discharge increases connectivity between temporary and
permanent waters and, therefore, it is important for fish movements and
exploration of temporarily flooded habitats (Baber et al., 2002). However,
in this study we did not observe mass migrations into seasonally flooded
areas for most species. This is in contrast to observations of mass migrations
by tropical floodplain fish, although these migrations seem to be related
primarily to feeding (Wantzen et al., 2002; Welcomme, 1985). Backwaters
and oxbow lakes might be important spawning habitat for riverine-origina-
ting species (Hohausova, Copp & Jankovsky, 2003), but our results suggest
that, in the vast floodplain system of the lower Volga the spawning stocks
mainly originate from the permanent water bodies within the floodplain
rather than riverine habitats. Therefore, the Volga-Akhtuba floodplain ap-
pears to be dominated by external hydrological factors, but its fish popula-
tions appear to stem largely from water bodies within the floodplain, with
only a relatively marginal input of adult river fish. From the perspective of
river fish the floodplain is probably important as a spawning habitat, but
the fringing floodplain may be enough to fulfill these requirements (Grift et
al.,2001; Molls 1999).

Sabrefish seemed to be the only species with a spawning stock that mainly
originated from the main channel, where spawning took place mostly at
the entrance. After spawning, some females probably migrated deep into
the central floodplain to feed. The degree of floodplain penetration for this
species was determined by hydrological conditions and probably related to
water level (Cucherousset, Carpentier & Paillisson, 2007). Full stomachs for
the majority of sabrefish caught in the Central floodplain suggest they used
the floodplain to feed and to replenish energy reserves after spawning,
which has also been observed in tropical floodplain systems (Fernandes,
1997). The fact that, after the construction of a series of reservoirs on the
upper Volga River, the abundance of sabrefish decreased around 10 fold
in the newly formed reservoirs (Minin, 2005) confirms the importance of
seasonal flooding for this species.

Given the limited number of inlets sampled we cannot exclude the pos-

sibility of mass migration through other inlets. Nevertheless, based on the
similar character of the inlets this seems unlikely. Another alternative to ex-
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plain the low number of fish migrating from the river into the floodplain
during flooding would be that this migration had already taken place prior
to inundation, as shown in the Upper Mississippi (Knights, Johnson & San-
dheinrich, 1995), resulting in spawning stocks already being present in the
floodplain when the flooding and our sampling started. This seems unli-
kely, because of the small extent, or absence of inlets during low flow con-
ditions. Therefore, our conclusion that the majority of the adult fish that use
the Volga floodplain for spawning originate from floodplain water bodies
rather than the main channel seems justified.

Next to spawning in the floodplain, some species may spawn in main chan-
nel habitats close to inlets prior to flooding events to enable their larvae to
drift into the floodplain with the incoming flood (King, Humphries & Lake,
2003). Even though we did not address lateral movements of larvae and
juveniles, in the Lower Volga such a strategy could only successfully be per-
formed by species that can spawn and hatch in the very low water tempera-
tures of the main channel prior to flooding. This holds only for a few species
present in the Volga.

We postulate that in large-scale floodplain systems, the floodplain can be
important for river fish populations that spawn along the flooded fringes,
but deeper within the floodplain itself, river spawners are probably outnum-
bered by the population of resident fish. The main river channel primarily
acts as a source of water and nutrients, and also as a source of recolonists of
fish after the local extinction of fish caused by extreme environmental con-
ditions such as prolonged freezing or desiccation. However, more studies
in large temperate floodplains are needed to determine whether this is a
general principle.
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Hang around the shoreline: fish larvae distri-
bution in a large temperate floodplain

4.1 Abstract

We examined the use of flooded terrestrial habitats by fish larvae in a semi-natural
large floodplain (Volga, Russian Federation) by comparing densities at the shore-
line of permanent water bodies with flooded terrestrial habitats. Fish larvae were
collected using hoop-nets in four permanent floodplain water bodies and adjacent
flooded terrestrial habitats during the flooding seasons of 2007 and 2008. We found
that overall larval densities at the shoreline of permanent water bodies were 6- to
10-fold higher compared to flooded terrestrial habitats. Shorelines appear to offer
significantly better habitat for newly-hatched larvae, most likely because here there
is an influx of food and warmer water from flooded terrestrial habitats, combined
with refuge from cold, open water of permanent water bodies. At the same time the
risk of hypoxia of shallow flooded terrestrial habitats, and the risk of predation by
fish from the permanent water bodies is reduced. Therefore, the main importance
of terrestrial flooded areas for the floodplain fish community appears to be the pro-
duction of food organisms that comes available for larvae and juveniles with retrea-
ting water after flooding. However, given the large extent of flooded terrestrial areas,
even at low densities they may accommodate large numbers of fish larvae.
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Boonb GeperoBon nuHUK: pacnpegeneHue
MeCcTooOMTaHUN JNNUYNHOK Ppbl6 B nonme
60nbLUON peKNn yMepPEeHHOro Knmmarta

4.2 Peslome

Mbl MccnegoBan MCMONb30BaHWE HA3eMHbIX 3aTarn/IMBAeMblX MECT OOUTaHWs
JINUMHKaM/ pPbi6 B aHTPOMOreHHO W3MEHEHHOW Morime KpynHoWn peku (Bonra,
Poccuitickas ®epepaunsa) nytemM cCpaBHEHWA MJOTHOCTU JIMYMHOK Yy GeperoBoi
JIVHUWN NOCTOSAHHbBIX BOAHbIX O6BbEKTOB C MIOTHOCTbIO BO BPEMEHHO 3aTan/iMBaemMblX
NMOHVXeHNAX penbeda. JIMYMHKN pbld BbINaBANBANNCL C MOMOLLbIO BEHTEPEN B
yeTblpex MOCTOAHHbIX BOAOEMAX MOVMbI M MpUeralwmx K HUM 3aTaninBaembix
yyacTKax novimbl BO Bpema nosniosogmi 2007 n 2008 rogos. Hamu onpegeneHo, 4uto
06L1asn NIOTHOCTb JIMYMHOK Y 6EPEroBOI IMHMM MOCTOSAHHBIX BOZOEMOB OT 6 Ao 10
pa3 Bblle MO CPABHEHMIO C BPEMEHHO 3aTan/MBaemMbiMy yyacTKamu. Mpnbpexba
ABNAOTCA 3HAUUTENIbHO 6ornee NOAXOAALMMY MecTamMmy O6UTaHKA ANs TONbKO YTO
NOABMBLUNXCA IMYMHOK, YTO, Hambonee BEPOATHO, CBA3AHO KaK C MPUTOKOM KOpMa 1
TENJIOM BOAbI C BPEMEHHO 3aTOMNEHHbIX TEPPUTOPUIA, TaK U C TEM, UTO MPUOPEXKHbIE
MeCToO6UTaHUA ABNAIOTCA YOeXNLLeM OT XONIOAHON BOAbI MOCTOSAHHbBIX BOLOEMOB,
KOTOpasA HeJABHO OUYMCTUIACL OTO NibAa. B TO »ke BpeMs, CHMXaeTCs pUCK rMNoKcuuy,
CYLLeCTBYIOLLMI B MENTKNX BPEMEHHO 3aTOMJIEHHbIX MOHVMXEHWAX, U PUCK HanageHuA
XULWHWKOB, MPUCYTCTBYIOWNIA B BOAAX MOCTOAHHbIX BogoeMoB. CrnefgoBaTtesnbHO,
rMaBHas pPOJib BPEMEHHO 3aTaliMBaeMblX TEPPUTOPUIN ANA MOWMEHHbIX Pbld
3aKNloYaeTca B TOM, YTO OHM MOCTaBAAOT KOPMOBble OpraHu3mbl, AOCTYMHblE
ANA NIMYMHOK M MonoAawn, C yxogAalwen nocne nonosofba Bogoun. OgHako, AaBas
OFPOMHYI0 MPOTAXKEHHOCTb BPEMEHHO 3aTarMBaeMbiX TEPPUTOPWN, faxe C
HM3KOW MJIOTHOCTbIO KOPMOBBIX OPraHM3MOB, OHU MOTYT obecrneunBaTb 6osblioe
KOJTIMYECTBO JIMYMHOK PbI6.
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4.3 Introduction

Natural river floodplains are among the biologically most productive and
diverse ecosystems (Tockner & Stanford, 2002; Ward, Tockner & Schiemer,
1999). Biodiversity and production of plants and animals inhabiting flood-
plain, are primarily driven by the seasonal water level fluctuations as for-
mulated in the Flood Pulse Concept (Junk, Bayley & Sparks, 1989; Lowe-
McConnell, 1964; Tockner, Malard & Ward, 2000).

The wide array of temporal floodplain habitats is crucial for many spe-
cies, especially in relation to spawning and nursery as well as to feeding
and refuge (Baber et al., 2002; Copp, 1989; Poizat & Crivelli, 1997; Starrett,
1951). Floodplain backwaters, oxbows and lakes are important for fish lar-
vae recruitment (King, 2004; Sheaffer & Nickum, 1986; Turner et al., 1994).
Moreover temporarily flooded terrestrial habitats habitats were shown to
support faster larvae growth (Sommer et al., 2001) by providing high pro-
duction of autochthonous food (Herwig et al., 2004).

However, in temperate floodplains when spring flooding reaches its maxi-
mum, water levels in the floodplain stabilize and temperatures increase.
Because of the large concentrations of organic material in the habitat this
results in increased bacterial metabolism, often resulting in reduced oxy-
gen levels in the water (Fontenot, Rutherford & Kelso, 2001), which can be
disadvantageous for fish larvae. This in turn may result in avoidance of in-
undated terrestrial flooded areas by fish larvae if water quality is unsuitable
(Gehrke, 1991).

River habitat use by fish larvae has been studied, but not with an emphasis
on the use of large, temperate, naturally functioning floodplains. Numerous
studies elaborated on habitat preferences and use by fish larvae in the main
river channels (Copp, 1992; Scheidegger & Bain, 1995) and on anthropoge-
nically modified rivers (Brown & Coon, 1994; Garner, 1996; Jurajda, 1999;
Sabo & Kelso, 1991). Some studies have focused on patterns of downstream
larval drift (Martin & Paller, 2008; Pavlov et al., 2008; Pavlov, 1994), or on la-
teral exchange of larvae between main river channels and backwaters (Cso-
both & Garvey, 2008). However, the distribution of fish larvae in large river
floodplains remains unclear.
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The Volga River, a large lowland river, still accommodates semi-naturally
functioning floodplains with relatively well-preserved geomorphology
compared to other large rivers in Europe. Therefore it can serve as a model
for studying the distribution and habitat use of larvae in large temperate
floodplains. The present study aims at examining the use of flooded terres-
trial habitats by fish larvae. Our main hypothesis is that the densities of fish
larvae in flooded terrestrial habitats will be high compared to permanent
water bodies, because of their higher temperatures, food availability and
relatively low predation risk.

4.4 Methods
4.4.1 Study area

The Volga River (Russian Federation), with a length of 3,690 km and average
annual discharge of 8,103 m3s™ is the largest river in Europe (Litvinov et al.,
2009). It has a combined rainfall / snowmelt flow regime, with a dischar-
ge peak in May-June. A series of upstream dams, completed in the 1960s,
moderately altered the flow regime of the Lower Volga downstream of
Volgograd (Middelkoop et al., 2005; Mordukhai-Boltovskoi, 1979). Directly
downstream of the Volgograd dam, the Volga splits into the larger Lower
Volga River, and the smaller Akhtuba River. The Volga-Akhtuba floodplain
extends between these two rivers over a length of 300 km, and is 10-30 km
wide. The floodplain is situated in the semi-arid continental climatic zone
with very dry and hot summers and severe winters. The geomorphology
of the floodplain has been preserved to a large extent (Averina et al., 2000).
The vegetation of the floodplain mainly consists of meadows (Averina et al.,
2000) used for extensive grazing of cattle and hay production (Losev et al.,
2008). With rapidly rising water levels in spring (Fig. 4.1) within approxima-
tely 2 weeks 50-85% of the floodplain is inundated through permanent and
temporary side channels, resulting in expansion of the permanent water
bodies (Fig. 4.2).

Four floodplain water bodies with different hydrological and morphologi-
cal characteristics were chosen to analyse habitat use by fish larvae (Fig.
4.2). Two water bodies are in the southern part of the floodplain and experi-
ence relatively small size expansions during the flooding season. These are
(1) Kalinov, a permanent channel connected to the Volga River, and (2) Zo-

95



Chapter 4

Lake Davidkino (3)
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Figure 4.1 Relative water level and temperature dynamics in Lake Davidkino (3) during spring
2007.
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Figure 4.2 A map of Volga-Akhtuba floodplain and selected study sites.
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lotoy, a permanent elongated lake in the central floodplain. Two other wa-
ter bodies are in the northern part of the floodplain, which turns into one
big flooded area with some dry patches during the flooding season. These
are (3) Davidkino, a large (minimum of 240 ha at the end of summer) shal-
low floodplain lake connected to the Akhtuba River during flooding, and
(4) Staraya Akhtuba, a permanent channel connected to the Akhtuba River.

4.4.2 Sampling and analysis

Fish larvae were sampled in four different water bodies in two habitats
(shore of permanent water body and shallow flooded terrestrial habitats
adjacent of the flooded shoreline) from 17 May - 23 June in 2007 and 18 -
30 May in 2008. Larvae were sampled in each water body in both habitats
once every 2-3 days with hoop-nets (30 cm diameter opening, Tmm mesh
size). The net was dragged along a transect of ca. 5 meters, moving at a
constant speed of ca. 0.5 m/s. Samples for each water body and habitat
type consisted of three transects. For each sample, larvae were counted and
catch per unit of effort (CPUE, in number per meter) was calculated.

To verify the gradient in larvae densities from the shore to the open water,
shown for shallow temperate lakes (Mooij, 1996), on 25 May 2008 four addi-
tional samples were collected at different distances from the shore of Lake
Davidkino (water body 3), by dragging the hoop net from a boat for about
90 meters parallel to the shore at a speed of approximately 1 m/s. Collected
larvae were preserved in 5% formaldehyde solution and analyzed to spe-
cies level, based on morphological features and pigmentation (Koblitskaya,
1981). Water temperature was measured at each sampling location. In addi-
tion, in 2007 oxygen concentrations were measured using a standard tem-
perature/oxygen probe (Marvet Junior 2000, Elke Sensor LLC). Water level
and temperature were recorded at one hour intervals in Lake Davidkino (3)
using automatic data loggers (Diver® Water Pressure Logger, Schlumberger
Water Services, Sugar Land, TX, USA; UA-002-64 HOBO®, Onset Computer
Corporation, Bourne, MA, USA).

The effect of habitat type on fish larvae densities was estimated by pairwise
comparison of mean densities, with confidence intervals calculated using a
bootstrapping method (Efron & Tibshirani, 1993; Zhou & Gao, 1997), given
the low sample number and non-normal distribution of the data. To com-
pare larvae densities between shoreline and terrestrial flooded habitat we
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and flooded terrestrial habitats with confidence intervals estimated using bootstrap-
ping method. (B). Average temperature and standard error in two sampled habitats.
Consistent lower temperature at shoreline in both years ( p<0.05), based on ANOVA.
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used 10,000 bootstrap replications of samples from each habitat and year
separately. We then calculated the differences between means with bias-
corrected and accelerated confidence intervals (Efron & Tibshirani, 1993).
Only samples collected on the same date and similar time in two different
habitats in each location were used as pairs for this analysis (A total of 26
samples in each year). The differences in water temperature and dissolved
oxygen between habitats were tested using Analysis of Variance.

4.5 Results

Fish larvae densities were significantly higher at the shore of permanent wa-
ter bodies compared to the adjacent flooded terrestrial habitats (Fig. 4.3A),
with mean densities 6-fold (2007) to 10-fold (2008) higher at the shoreline.
Water temperature was lower in shoreline habitats than in the flooded ter-
restrial areas in both years (Fig. 4.3B). No significant differences in oxygen
concentration were found between the two habitats in 2007, when data
were available.
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Figure 4.4 CPUE and species composition of fish larvae in relation to distance from the shore in
Lake Davidkino (3) in 2008.
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In Lake Davidkino (water body 3), roach Rutilus rutilus, ide Leuciscus idus
and common bream Abramis brama were the most abundant species
(>90%), with consistently higher densities for all species at the shore com-
pared to both flooded terrestrial habitats and into the open water zone of
the lake (Fig. 4.4). Gibel carp Carassius gibelio was present only in the flood-
ed terrestrial habitats.

Temporal patterns in larvae densities were consistent in different water
bodies and years and were characterized by a clear peak at the shoreline
during 10-15 days and low densities in the flooded terrestrial habitats (Fig.
4.5).
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Figure 4.5 Temporal patterns of fish larvae CPUE in two frequently sampled locations.
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4.6 Discussion

Habitat choice is a result of trade-offs between relative costs and benefits,
in terms of food availability, metabolic cost, predation and other mortality
risks. The importance of floodplain habitats as fish larvae nursery had been
previously recognized (Copp, 1989; Grift, 2001; Sheaffer & Nickum, 1986).
Therefore we did not expect that the observed densities in the flooded ter-
restrial habitats would be six to ten times lower than at the shoreline of the
permanent water bodies.

The spatial distribution of fish larvae could be an effect of: 1) Selection of
the spawning site by adults (Bialetzki et al., 2005); 2) Active selection by lar-
vae themselves, as shown for coral reef fish (Doherty et al., 1996; Leis & Car-
son-Ewart, 1998); 3) Passive transport by water currents or wind (Carassou
etal., 2008; Fowler, Leis & Suthers, 2008). The last mechanism seems unlikely
in the Volga-Akhtuba floodplain since the current in sampled habitats was
low/absent and the floodplain is exposed to little wind in spring (sampling
days with high wind speed (> 3 Beaufort) accounted for less than 5%). Our
data suggest that hatching predominantly takes place in the shorelines
(Fig. 4.5) (spawning sites selection by adults) and is followed by limited sub-
sequent dispersal (with the exception of gibel carp).

So why do fish larvae in the Volga floodplain prefer these shorelines and
do not massively penetrate into temporally flooded areas, which provide
the favoured structurally complex habitats (Garner, 1996)? We propose that
a trade-off between increased food availability and increased risk of mor-
tality due to high temperatures, hypoxia or desiccation is the key to this
distribution pattern. For the recruitment success of many fish species maxi-
mizing growth is crucial in the first few weeks after hatching (Kirjasniemi
& Valtonen, 1997). Staying in the shoreline can maximize growth of fish
larvae, because they can take advantage of food produced in the flooded
areas which flows back into permanent water bodies with retreating wa-
ter (Wilzbach et al., 2002). In addition, epiphyton production, providing a
source of food, is expected to be highest at the shoreline (Azim, 2005; Wel-
comme, 1979; Welcomme, 1985), especially compared to the poor feeding
conditions of the open water (Garner, 1996). Moreover, the structural com-
plexity of the shorelines of permanent water bodies in the Volga floodplain
is similar to that found in flooded terrestrial habitats (Fig. 4.6) and provides
similar refuge from predators.
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N

Figure 4.6 Vast naturally functioning Volga floodplains. Flooded surroundings of Lake David-
kino (3).

At the same time, by residing close to the open water fish larvae avoid
being stranded when the water levels drop (Brown & Colgan, 1982; Paller,
1987) and the risk of hypoxia, which is higher in flooded terrestrial habitats
than in the littoral zones of permanent waterbodies (Gehrke, 1991). All in
all the shoreline seems to provide superior conditions for newly hatched
larvae of most fish species.

The only notable exception appears to be Gibel carp larvae, which showed
higher densities in shallow waters compared to the shoreline. This species is
known for its tolerance to high water temperatures and hypoxia (Lushchak
etal.,, 2001; Roesner et al., 2008), possibly allowing it to take more risk.

In conclusion, the importance of flooded terrestrial habitats for fish larvae
recruitment appears crucial in the Volga floodplain, but possibly through
a slightly other mechanism than through providing direct nursery habitat.
Rather, flooded terrestrial habitats produce food organisms that can flow
back towards the main water bodies when water levels retreat after the
flood pulse. These food organisms can be used by fish larvae that dwell in
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the shoreline regions thereby reducing their risk of desiccation, high water
temperatures, hypoxia, or predation. However, even though the densities
of fish larvae may be low in flooded terrestrial habitats compared to per-
manent water body shorelines, given their extended surface area, they still
accommodate substantial numbers of fish larvae.
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Fish recruitment in a large, temperate flood-
plain: the importance of flooding, tempera-
ture and habitat complexity

5.1 Abstract

Large river floodplains are considered key habitats for nurseries of many riverine
fish species. The lower Volga River floodplains (Russian Federation) are still relatively
undisturbed serving as a suitable model for studying the influence of flooding and
temperature on fish recruitment in floodplains. We examined the effect of flooding
and its co-occurrence with spring water temperature development on the recruit-
ment success of young of the year (YOY) fish after the first growing season in the
lower Volga floodplain by sampling in four areas with different flooding regimes,
in three consecutive years (2006-2008). Our results support the governing role of
temperature, coupled with flooding for fish recruitment in temperate floodplains. In
areas with large flood extents in the warm years 2006 and 2007 the biomass of YOY
of most fish species was about three times higher compared to the cold year 2008.
Floodplain areas with a large extent and longer duration of flooding accommoda-
ted significantly higher densities of young fish, especially species characterized by
periodic life history traits (large-body size, delayed maturation, high fecundity and
low parental investment) such as pike, roach and ide. This confirmed that extended
inundation improves recruitment success of river fish. Gibel carp, a species tolerant
to high temperatures and hypoxia, did especially well in small water bodies in the
driest parts of the floodplain. Spring temperature and its coupling with flooding ap-
pear to be one of the most important factors in YOY fish recruitment in the lower
Volga floodplain. Flood timing synchronized with temperature enhances recruit-
ment success of all species. Regulation of the Volga River for hydropower production
resulted in shorter floods with an earlier onset, increasing the probability of a flood-
temperature mismatch, which will reduce fish recruitment success.
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MononHeHne pbl6 B norime 60nbLUION pPeKu
YyMepeHHOro Kanmarta: 3HauyeHune nonoBoabA,
TeMnepaTypHOro pexuma n MHoroobpasuns
yCnoBuii o6uTaHnA

5.2 Peslome

oMbl KpYMHbBIX PeK CUMTAIOTCA KITIOYEBbIM MECTOOOUTaHVEM AJIA Haryna MoJsioau
MHOTVIX peyHbiX BUAOB pbi6. Morma HukHel Bonrm (Poccniickas ®epepauns) oo cmx
NMop OTHOCUTENIbHO HE3HAUUTENIbHO M3MEHEHA YESIOBEKOM ABMAACH MOAXOAALLMM
MOAESIbHbIM YYaCcTKOM A1 M3YyYeHUA BAUAHWA MONOBOAbA WM TemmnepaTypHOro
peXnMma Ha BOCMPOM3BOACTBO MNOMyNAUMA pbl6 B nonmax. Mbl uccnegoanu
BNNAHME NOJSIOBOAbA W €ro B3aMMHOMO BAVAHWA C AUHAMWKOW TemnepaTypHOro
pexuma Bodbl BO BpeMsi BECEHHEro MaBofKa Ha YCMeWHOCTb MOMOMHeHWA pblb
(ceroneTkm) nocne nepBoro BereTaLMOHHOIo ce30Ha B novime HpkHen Bonrn nytem
06/10Ba YeTblpeX MOMMEHHbIX YHaCTKOB C Pa3HbIM PEXMMOM 3aTOMIEHUSA B TeYeHUe
Tpex nocnepoBatenbHbiXx et (2006-2008). Hawwm pe3ynbraTbl noatBepXaatloT
PYKOBOAALLYIO POJib TemMnepaTypHOro pexrMma COBMECTHO C 3aTonjeHvem B
BOCMPOU3BOACTBE Pbl6 B MOMMax ymepeHHoro knumata. Ha yyactkax ¢ 6onbluon
nnowaabto 3anuTns B Tennble rogbl 2006 n 2007 6uomacca ceroneTok 60sbLLNHCTBA
BMAOB Pbi6 Oblsla NOYTY B TPY Pas3a Bbile MO CPAaBHEHUIO C XonoAHbIM 2008 rofom.
YyacTkm Mmormbl C 6OMbWMMM  MJOWAASMU 3aTOMJIEHUA U MPOAOJIKUTENBHbBIM
nonoBofbem obecneurBany CyLECTBEHHO 6oJbluee KONMYECTBO  MOJIOAN,
0COGEHHO BMAOB Pblb C XapaKTePHbIMM YepTaMU KM3HEHHOTO UMKIa (6onbLioin
pa3mep Tena, No3fgHee CO3peBaHWe, BbICOKasA MIOAOBUTOCTb M He3HauUTenbHoe
yyacTue popwuTenen): LWyka, nnotBa M A3b. ITO NOATBepXAaeT, uto Gonbluee
3aTomnJsieHre ynyyllaeT ycrnex BOCNpom3BOACTBa peUHbIX B1UgoB pblb. CepebpsHbin
Kapacb, B/f, TOJIEPAHTHbIN K BbICOKMM TeMMNepaTypam 1 rmnoKCuu, 4yBCTBOBas cebs
0COBGEHHO XOPOLIO B MENKUX BOJOEMAX B CaMblX 3aCyLUIMBbLIX YYAacTKax MOVMbI.
[vHaMunKa TemMnepaTypbl BOAbI BECHON U e€ CBA3b C MON0OBOAbEM ABNAOTCA OL4HMMMU
13 BaXKHeNWnxX ¢akTopOoB B MOMOSIHEHUN PbIOHBIX 3aMacoB B nome HuxHen Bonrn
(3a cuet ceronetok). lpaduk nojaun BoAbl Ha MONMY, CUHXPOHWU3UPOBAHHbIN C
XOAOM TemnepaTtypbl BOAbl, MOBbIWAET yCrnexX BOCNPOU3BOACTBA NOMNyNALMIN BCeX
BMAOB pblb. 3aperynvpoBaHue Bonru ons npon3BoACTBa NEKTPUYECTBA MPUBENO
K TOMY, YTO MONOBOAbA CTaJI KOpoYe MO NPOJOKUTENBHOCTA MO CPaBHEHUIO C
npeabiayLwnum Neproaom, NoBbILasA BEPOATHOCTb HECOBMAAEHNA X0A4a TeMnepaTtyp
1 YPOBHeW BOfbl B MOVIME, YTO CHVPKAET YCMELUHOCTb NOMOJIHEHUA 3aMacoB pPbi6.
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53 Introduction

Natural river floodplains are among the most productive and diverse fresh-
water ecosystems (Ward, Tockner & Schiemer, 1999; Tockner & Stanford,
2002). Seasonal flooding increases habitat extent and complexity by tem-
porary inundation of terrestrial habitats. This inundation leads to mobili-
zation of organic matter (Robertson et al., 1999), and facilitates exchange
of nutrients between aquatic and terrestrial compartments of the riverine
ecosystem. Increased nutrient availability and frequent disturbance in turn
results in high biodiversity and production of plants and animals inhabi-
ting the floodplains, as envisaged in the Flood Pulse Concept (FPC) (Junk,
Bayley & Sparks, 1989; Junk & Wantzen, 2004; Lowe-McConnell, 1964; Tock-
ner, Malard &Ward, 2000). For many species of river fish, floodplains provide
a wide range of temporarily available habitats that are important as fee-
ding, spawning and nursery areas, as well as providing refuge against pre-
dation (Baber et al., 2002; Holland & Huston, 1985; Poizat & Crivelli, 1997).
The timing, duration and extent of inundation have been proposed to be
the main factors determining the importance of floodplains for successful
fish recruitment (Welcomme, 1979; Welcomme, 1985; Bayley, 1991; Bailly,
Agostinho & Suzuki, 2008).

Fish recruitment at the end of the growing season in inundated floodplains
is likely to be influenced by a number of interrelated factors: 1) predicta-
bility of flooding; 2) rate of rise and fall of the water table; 3) extent of in-
undated area; 4) duration of inundation and 5) degree of coupling of floo-
ding and changes in temperature (King, Humphries & Lake, 2003; Trifonova,
1982). After the water retreats, the carrying capacity of permanent water
bodies and resulting food competition, as well as predation and hypoxia
risks, appear to play a decisive role in the survival of young of the year (YOY)
fish and therefore in recruitment success (Grenouillet, Pont & Olivier, 2001;
Nunn, Harvey & Cowx, 2007).

The notion of the flood pulse alone controlling fish recruitment is too sim-
ple, because not all species will be equally affected by habitat complexity
and temperature in the floodplain (King et al., 2003; Zeug & Winemiller,
2008). Survival chances of YOY, and therefore their recruitment success,
will be different for species with different life history strategies. Such life
history strategies can be defined as ‘periodic, ‘opportunistic’ and ‘equili-
brium’ (Winemiller, 1989; Winemiller & Rose, 1992). Species with periodic
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life history traits (large-bodied, with delayed maturation, high fecundity
and low parental investment) such as common bream Abramis brama (Lin-
naeus, 1758), ide or pike are adapted to seasonal variation and large-scale
spatial variation in environmental conditions. These species would possi-
bly depend on, but also benefit most from, predictable seasonal dynamics.
Opportunistic strategists, such as sunbleak Leucaspius delineatus (Heckel,
1843) and gibel carp are more flexible and characterized by early maturati-
on, continuous spawning and a particular ability to frequently colonize new
habitats. These would also be expected to recruit successfully in the flood-
plains. Finally, equilibrium strategists with delayed maturity, low fecundity
and well-developed parental care, for which the survival of eggs and larvae
depends on the condition of adults and the integrity of the adult habitat,
are expected to be more indifferent to seasonal flood dynamics.

Despite the importance of floodplains for river fishes and the fact that the
role of the floodplains may, differ according to the life history strategies of
these fishes, little attention has been paid to the role of floodplain com-
plexity in influencing fish recruitment (Turner et al., 1994). Few studies have
examined fish recruitment in naturally functioning, large-scale river flood-
plains. Some recent studies are available for the tropics (Agostinho et al.,
2004; Bailly et al., 2008; Suzuki et al., 2009). In the temperate zone, available
studies of fish recruitment are limited to relatively small rivers, the middle
and upper reaches of larger rivers (Copp, 1989; Halyk & Balon, 1983; Holland
& Huston, 1985), or to severely modified floodplains in the lower reaches of
large rivers (Grift et al., 2003).

The Lower Volga and its adjoining floodplain in the Russian Federation
is one of the few remaining naturally functioning temperate floodplains
(Gorski et al., 2010) and it therefore provides an opportunity to study re-
cruitment of young fish in such systems that were formerly widespread.
Our main objectives were:

1) To examine the effects of the extent, timing and duration of flooding on
the recruitment success of fish in floodplain systems. We hypothesized
that a higher magnitude and duration of flooding would enhance the
production of young fish, as predicted by the FPC.

2) To examine the effect of temperature and its relationship to flooding on
recruitment success. Since temperature is the main driver of many bio-
logical processes we expected the coupling of high temperatures with
flooding to increase fish recruitment.
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3) To assess the selective impact of flooding and temperature on different
fish species with various life history strategies. We expect species adap-
ted to seasonality or large scale spatial variation (periodic strategists)
and flexible, fast colonizers (opportunistic strategists) to be most suc-
cessful in the floodplain environment.

54 Methods
5.4.1 Study Area

The Volga River (Russian Federation), (length 3,690 km, mean annual
discharge 8,103 m3s), is the largest river in Europe (Litvinov et al., 2009).
It has a combined rainfall / snowmelt flow regime, with peak discharge in
May-June. A series of upstream dams, completed in the 1960s, moderately
altered the flow regime of the Lower Volga downstream of Volgograd (Mid-
delkoop et al., 2005; Mordukhai-Boltovskoi, 1979). Directly downstream of
the Volgograd dam, the Volga splits into the larger Lower Volga River, and
the smaller Akhtuba River. The Volga-Akhtuba floodplain extends between
these two rivers over a length of 300 km, and is 10-30 km wide. The flood-
plain is situated in the semi-arid continental climatic zone with very dry
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Figure 5.1 A map of Volga-Akhtuba floodplain and selected study area, indicating sampled
water bodies in four areas with different hydrological regimes.
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and hot summers and severe winters. Its geomorphology is largely intact
(Averina et al., 2000). The vegetation of the floodplain mainly consists of
meadows (Averina et al., 2000) used for extensive grazing of cattle and hay
production (Losev et al., 2008). With rapidly rising water levels in spring, 50-
85% of the floodplain is inundated through permanent and temporary side
channels within approximately two weeks.

To analyse fish recruitment patterns, 12 floodplain water bodies in four
areas (three in each area) with different hydrological characteristics were
chosen (Fig. 5.1). Water level and temperature were recorded at one hour
intervals in one water body of each Area using automatic data loggers (Di-
ver® Water Pressure Logger, Schlumberger Water Services, Sugar Land, TX,
USA; UA-002-64 HOBO®, Onset Computer Corporation, Bourne, MA, USA) in
2007. Areas 1 and 2 were characterized by a similar rapid rise (ca. 2 weeks
from onset of the flood until maximum water level) and large magnitude
(approximately 3 m) of the flood, followed by stable a inundation of about
7 weeks and then a fall for about two weeks (Fig. 5.2). The total area inunda-
ted around water bodies sampled was significantly greater in Area 1 than
in Area 2 (Fig. 5.1). In Area 3 the rise of the flood was also rapid (ca. 2 weeks
as in Areas 1 and 2, and the magnitude was about 2 m) but the decline was
slow and prolonged (ca. 12 weeks) (Fig. 5.2). In Area 4 a rapid rise (ca. 2
weeks) to a maximum water level of about 2 m was followed by two stages
of rapid decline, the first (of about 1.5 m) just after two weeks from the ini-
tial rise and the second at the same time as in other areas (Fig. 5.2).

5.4.2 Data collection

Daily Volga discharge and air temperature at Volgograd were available for
1997-2008 and obtained from the Volgograd Centre of Hydrometeorology
and Environmental Monitoring.

For all floodplain water bodies, surface area, perimeter and distance
between the water body and the nearest channel connection to the main
river channel (Volga or Akhtuba) were estimated from available maps and
Landsat images. Interpretations from maps and images were verified by
field observations during fish sampling. The proportion of each vegetation
type in the flooding area of each lake was calculated from the Volga Flood-
plain Ecological Map (Losev et al., 2004). Average depth of water bodies
was estimated from measurements in many locations (on average 20) using
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standard measuring tape. The relative surface area covered by submerged
vegetation was determined by combining visual estimates with the collec-
tion of plants with a rake while wading through the water in each sampling
year.

In each year (2006, 2007, 2008) fish were sampled in the same twelve water
bodies from the end of August to the end of September. On average three
(two-five) samples were collected in each water body using a beach seine
(30 m long, 1.5m deep, 10 mm stretched mesh size). For each sample, fish
were identified to species based on morphological features and pigmenta-
tion (Koblitskaya, 1981), fish were counted and length-frequencies of (sub)
samples were determined based on standard length to the nearest mm. In
each water body, a subsample of fish was weighed and length-mass relati-
onships were calculated. Fishing effort was calculated as total area covered
per seine haul.

A literature search was conducted for life history parameters of fish inhabi-
ting the Volga-Akhtuba floodplain. Most fish species exhibit considerable
variation in life history traits over their geographical ranges. Therefore, only
data indicating the origin of the fish sampled as the South of Russia were
used. Data compiled by Krizhanovski (1953) and Reshetnikov (2002) co-
vered most of the parameters needed for analysis. Data were obtained for
the following life history traits: (1) maximum length, (2) age at maturation,
(3) egg size, (4) length of breeding season (in months), (5) spawning mode
categorized as: 1 - single spawning per year, 2 — from two to four spawning
events per year, 3 — more than four spawning events per year, (6) fecundity
as the average number of oocytes of mature females in a single spawning
season, and (7) parental care as classified following Winemiller (1989) which
for our species resulted in just two categories: nesting species (with a score
of 3), and non-nesting species with spawning habitat selection (scoring 1).

5.4.3 Data analysis

YOY fish were distinguished from older fish by evaluating length-frequency
distributions, which showed clear cut-off lengths for all abundant species.
We collected YOY of 23 species (Table 5.1). Data for the 11 most abundant
fish species (> 99% in numbers) were used for further analysis. The mean
catch per unit effort (CPUE) values in numbers and biomass were calculated
fpr each species for each water body in each year. To assess the effect of
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flood and temperature on the production of young fish, overall CPUE (gm-
2) of YOY including all species was compared between different years and
areas with Analysis of Variance (ANOVA). The data used in the analysis were

log10-transformed to achieve an approximately normal distribution.

Table 5.1  Abbreviations, English and scientific names, numbers of caught fish species as well
as some of the life history characteristics derived from literature Krizhanovski (1953);
Reshetnikov (2002). Abbreviations of 11 most abundant species shown in bold.

Abbrev | Scientific name Common . - =
name = = E s £
=) o
=] = “n D | =
® S 9 £ | T 5 o
v ; Tw o | Y jop. °
> o £ c 59 o ©
S 2 83 2 38 5§ E
- ® g2 E | Q|-= v N D
° & 2 g 35 |®| e* T c
€ & 5o E o5 E
= s 2 4= 5 8o § =
] ‘6 w“— @ x = o0 2 ®
° = o £ © S S & a
= B €3 =2 =2 €06 a wn
Abba Abramis ballerus Blue bream | 210 0141 |7 45 |3 |28 |1 |1
(Linnaeus, 1758)
Abbr Abramis brama Common 15971 [10.705 |12 |80 |3 [215 |1 |1
(Linnaeus, 1758) bream
Alal Alburnus alburnus Bleak 7104 4762 (12 |20 |3 |65 |1 |2
(Linnaeus, 1758)
Asas Aspius aspius Asp 3 0.002 |2 80 3 /281 |1 |1
(Linnaeus, 1758)
Blbj Blicca bjoerkna White 19040 (12762 |12 |35 |3 |60 |1 |2
(Linnaeus, 1758) bream
Caca Carassius carassius Crusian carp | 24 0.016 |2 50 |4 |218 |1 |2
(Linnaeus, 1758)
Cagi Carassius gibelio Gibelcarp | 1513 | 1.014 |11 45 |2 |215 |1 |2
(Bloch, 1783)
Cota Cobitis taeni Spined 425 0285 (10 |20 |4 |03 |1 |1
(Linnaeus, 1758) loach
Cyca Cyprinus carpio carpio Carp 12 0.008 |3 100 |3 1948 |1 |1
(Linnaeus, 1758)
Eslu Esox lucius Pike 662 0444 (12 150 (2 |118 |1 |1
(Linnaeus, 1758)
Gyce Gymnocephalus cernuus Ruffe 1693 |1.135 |8 185 |2 |53 1 |2
(Linnaeus, 1758)
Lede Leucaspius delineatus Sunbleak 4978 |3.337 |5 9 2 |14 |3 |2
(Heckel, 1843)
Leid Leuciscus idus Ide 1022 0685 |10 [100 (4 (76 |1 |1
(Linnaeus, 1758)
Mifo Misgurnus fossilis Weather- 1 0.001 |1 30 (2 (125 |1 |1
(Linnaeus, 1758) fish
Nefl Neogobius fluviatilis Monkey 172 0.115 |1 20 |2 |15 |3 |2
(Pallas, 1814) goby
Pefl Perca fluviatilus Perch 8747 |5.863 |12 |51 2 156 |1 |1
(Linnaeus, 1758)
Prma Proterorhinus marmoratus | Tubenose | 313 0.210 |7 15 |1 |06 |3 |2
(Pallas, 1814) goby
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Table 5.1  (continued)

Abbrev | Scientific name Common - - = | %
name < = E s i
3 3 (") = > =
] S |9 % 9 3 3
> > g E c 1=l 5 o o
S | 2 |3§ £ |z|88 §|E
— = a 2 13 '9 e v (<))
° e 28 35 B e* T c
e & 54 E o5 E
- s 2 o— s © c H
] S w“ O x 2 52 0
g | % |52 3 §£3\5|E
- X |3 2 = €0 a wn
Ruru Rutilus rutilus Roach 82306 |55.167 |12 |50 |3 |51 1 |1
(Linnaeus, 1758)
Salu Sander lucioperca Pikeperch 5 0.003 |2 130 |3 1625 |3 |1
(Linnaeus, 1758)
Scer Scardinius erythrophthal- | Rudd 4776 13201 |12 |36 |3 118 |1 |2
mus (Linnaeus, 1758)
Sigl Silurus glanis Wels catfish | 3 0.002 |3 250 |3 455 |3 |1
(Linnaeus, 1758)
Syab Syngnathus abaster (Risso, | Black-stri- 131 0.088 |6 23 |1 |01 |3 |2
1827) ped pipefish
Titi Tinca tinca Tench 82 0.055 |8 63 |3 |565 |1 |2
(Linnaeus, 1758)

To analyse the effects of year and area on the densities of YOY fish of each
of the 11 most abundant species we used a two-way ANOVA, after ranking
the data and applying Blom’s transformation, which adjusts rank scores to
achieve an approximately normal distribution (Blom, 1958). After ANOVA
we performed pair-wise comparisons between different years and areas,
using 10,000 bootstrap replications of samples from each group and year
separately. Subsequently, means with bias-corrected and accelerated con-
fidence intervals were compared (Efron & Tibshirani, 1993) using a Bonfer-
roni-correction of the a-level for multiple comparisons (Sokal & Rohlf, 1995)
(a-levels for comparison between years and areas were set to 0.0167 and
0.0125, respectively).

To analyse the effects of year and area on the length data for each species
we also used two-way ANOVA. Length data were first log-transformed pro-
ducing an approximately normal distribution. Differences between years
and areas were analysed using multiple pairwise comparisons with Tukey’s
method (Sokal & Rohlf, 1995).

Different species will have different proportions of various life history traits.

To assess which life history traits recruit successfully in the floodplain, we
compared the relative abundance of fish in in each category of life history
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strategy (periodic, opportunistic or equilibrium; Winemiller & Rose, 1992)
weighted by YOY abundance in each area and year. The relative proportion
of each life history category was calculated as follows. The main life history
traits for each species were weighted based on the relationships of these
traits with each life history strategy (Winemiller & Rose, 1992; Table 5.2).
Next, for each species a total score per life history strategy was calculated,
by summing the scores for each trait. These total scores were expressed as
percentage values of each strategy for each species. Finally, the proportion
of each strategy was weighted by the abundance of each species in each
area and year.

Redundancy Analyses (RDAs) (based on correlation matrices) (Jongman, ter
Braak & van Tongeren, 1995; ter Braak & Smilauer, 2002) were performed to
examine the relationship between YOY fish abundance of different species
and water body characteristics (Table 5.3). Global Monte Carlo permutation
tests (1000 permutations) were performed to determine the significance of
the ordination at a = 0.05. Species data were square-root transformed prior
to analysis to diminish the effect of outliers (Jongman et al., 1995).

Table 5.2  Relationships between life history traits and how they affect different life history stra-
tegies (-1, negative; 0, neutral; 1, positive relationship between size of the life history
trait and the life history strategy.

MaturityAge Fecundity Survivorship (egg size*parental care)
Opportunistic -1 0 -1
Equilibrium 1 -1 1
Periodic 1 1 -1

Table 5.3  Environmental variables of sampled water bodies, related to geomorphology, con-
nectivity, and vegetation.

Variable Description

SpArea Surface area in spring (m2)

SuArea Surface area in summer (m2)

SLI Shore Length Index (the ratio of shore length to water body area)

SLD Shore Line Development (the ratio of the length of the shore line to the length of

the circumference of a circle of area equal to that of the water body)
Depth Average depth

Forest Percentage of forests in the flooded area around water body (arcsine transformed)

Grasslands Percentage of grasslands in the flooded area around water body (arcsine transfor-
med)

Helophytes Percentage of helophytes in the flooded area around water body (arcsine transfor-
med)

Submarged Percentage of submerged macrophytes in the water body (arcsine transformed)

MCD Distance to the main channel (km)
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5.5 Results

5.5.1 Flooding and temperature

Compared to the average flood pulse during 1997-2006, the peak flow
in 2006 was smaller and shorter (maximum discharge: 17.5x103 m?3s),
whereas peak flows in 2007 and 2008 were both earlier and reached a
higher maximum (26-27x103 m3s™) (Fig. 5.3, Table 5.4). A conspicuously lar-
ger fraction of the floodplain was inundated in 2007 and 2008 than in 2006
(Fig. 5.1). Peak flow duration in 2007 was about three weeks longer than
in 2008. The growing season was the warmest in 2007 (1560 cumulative
degree-days (dd) above 12°C air temperature), followed by 2006 (1387 dd)
and 2008 (1236 dd) (Fig. 5.4).

Daily discharge at the Volgograd Dam
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Figure 5.3 Daily discharge of Volga River during sampling years.

Table 5.4  Summary of flood/temperature conditions in years covered by the study.

Year flood temperature
timing magnitude duration

2006 late low short intermediate

2007 early high long high

2008 early high intermediate low
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Figure 5.4  Air temperature - Summary of degree-days in sampling years.
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Figure 5.5 Comparison of the biomass of YOY (mean and 95% confidence limits as estimated by
the statistical model) in different years and areas.
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5.5.2 Overall production of recruits

We recorded the highest overall CPUE biomass of YOY in Areas 1 and 2 in
2006 and 2007 (12-14 gm?, Fig. 5.5, Table 5.5). The CPUEs in Areas 3 and 4
were lower in all three years (4-7 gm™). In 2008, CPUE in Areas 1 and 2 was
much lower (4-5 gm?) than in previous years. CPUE of YOY was highest in
Area 4 (approximately 7 gm™) in 2008, while in Area 3 it ranged between
approximately 4 (2007, 2008) and 7 gm (2006).

Table 5.5 ANOVA table of overall CPUE biomass (g-m-2) of YOY fish. DF, degrees if freedom; SS,
sums of squares; F, F-statistic; P, probability. 10log-transformed data were used in the

analysis.
SS DF F P
Year 1.44 2 4.07 0.02
Area 1.83 3 3.46 0.02
Year*Area 244 6 23 0.04
Error 19.5 110

5.5.3 Recruitment of different species

For the 11 most abundant species, comparisons of abundance (CPUE,
(nom-2) and mean length between different years and areas were made
(Fig. 5.6A,B). Roach was the most numerous species in all years (mean of
4.90 m?), making up more than half of the catch, followed by common
bream (1.01 m) and white bream (0.95 m). We did not find any significant
effect of area, year or their interaction for common bream, white bream,
perch, sunbleak, ruffe or rudd (Table 5.6). For the more opportunistic spe-
cies bleak and gibel carp, there was a significant effect of year (Table 5.6),
with the highest CPUE in 2006 and the lowest in 2008 for both species (Fig.
5.6A,B). For bleak, CPUE in 2007 was less than half compared to 2006, while
in 2008 it was negligible (ca. 2% of its abundance in 2006). For gibel carp in
2007, CPUE was less than 4% and <1% in 2008 compared to 2006. Sunbleak
showed high abundances in 2007 and Area 2, but in other years only a few
individuals were found. In contrast ruffe, another opportunistic species,
was more abundant in 2008 than in the two previous years and three times
more abundant in Areas 2 and 4 than in Areas 1 and 3. For the more periodic
species pike, ide, and roach, there was a significant effect of area (Table 5.6).
Pike had the highest CPUE values in Area 2 (CPUE was on average 3.7 times
lower in Area 3). For ide, mean CPUE values in Areas 1 and 2 were more than
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Figure 5.6A Comparison of densities (bars) and length (dots) of YOY in different years and areas.
Letters indicate significant differences in CPUE based on Tukey's multiple comparison
test.
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Figure 5.6B Comparison of densities (bars) and length (dots) of YOY in different years and areas.
Letters indicate significant differences in CPUE based on Tukey’s multiple comparison
test.
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20 times greater than in Areas 3 and 4 (Fig. 5.6A). Roach showed the lowest
CPUE in Area 4 (Fig. 5.6A).

For most species, neither area nor year had a significant effect on YOY
length. Exceptions were bleak, pike and rudd. Bleak showed significant
effects of area (F=4.76, P=0.014) and for the area x year interaction term
(F=3.34, P=0.017). This was mostly caused by the exceptionally small YOY in
2008 in Area 4 (standard length 2.7 cm, while in all other year-area combi-
nations it ranged between 3.3 and 3.9 cm). Pike showed significant effects
of area (F=4.82, P=0.009) and year (F=7.53, P=0.003). YOY from Area 2 (mean
length varying between 15.2 and 18.2 cm among years) were significantly
smaller than those from Area 3 (18.4 — 25.4 cm). YOY in 2006 (mean lengths
of 18.2 - 25.4 cm among areas) were significantly larger than in 2008 (15.2 -
18.4 cm). Finally, rudd showed a significant effect of area (F=3.09, P=0.042),
with Area 3 (annual means of 3.1 — 3.5 cm) having smaller YOY than area 4
(3.7-4.2cm).

At the overall community level, ‘periodic’ life history traits made up the
highest proportion in all areas and years analyzed (approximately 50 %),
whereas both opportunistic and equilibrium traits ranged between 21-

Table 5.6  ANOVA table of the CPUE (n*m2)of YOY fish of the most abundant species. DF, de-
grees if freedom; SS, sums of squares; F, F-statistic; P, probability. Blom-transformed
rank scores were used in the analysis.

Species Mean CPUE (n/m2) Factor | DF SS F P

Abramis brama 1.01 NS

Alburnus alburnus 0.47 Year 2 9.22 6.60 | 0.004
Error 33 | 23.06

Blicca bjoerkna 0.95 NS

Carassius gibelio 0.12 Year 2 | 13.16 | 17.46 | 0.000
Error 33 | 1244

Esox lucius 0.04 Area 3 8.01 342 | 0.029
Error 32 | 2495

Gymnocephalus cernuus 0.10 NS

Leuciscus idus 0.08 Area 3 | 11.68 | 690 | 0.001
Error 32 | 18.06

Leucaspius delineatus 0.68 NS

Perca fluviatilis 0.61 NS

Rutilus rutilus 4.90 Area 3 11229 | 6.25 | 0.002
Error 32 | 20.98

Scardinius erythrophthalmus 0.43 NS
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27%. There were no clear differences between years and areas in the pro-
portion of different strategies, with the exception of Area 4, where the op-
portunistic traits were more abundant (27% in Area 4, compared to 21-23%
in the other areas).

Results of the redundancy analyses showed that environmental variables
explained much of the variation in YOY fish abundance in each year sam-
pled (Table 5.7). In each year, water body area in summer, submerged ma-
crophyte cover and shore length index (SLI) were important explanatory
variables (Fig. 5.7). In addition to these three, helophyte cover was also an
important explanatory variable in 2006. In 2007, water body depth and
water body area in spring contributed markedly to explaining the YOY
fish abundance. Finally, distance to the main channel and grassland cover
were important explanatory variables in 2008. Most of the variation in YOY
fish abundance can be assigned to gibel carp, common bream and ruffe
in 2006; common bream, bleak, perch and roach in 2007; and common
bream, white bream, ruffe and ide in 2008. The ordination revealed large
variability in species — environment associations between years, empha-
sizing the influence of variability between years on recruitment. However,
we also observed some consistent patterns over the years. Common bream
showed positive correlations with the water body area in spring, the area of
flooded grasslands, and depth, and a negative correlation with submerged
macrophyte cover. Bleak correlated negatively with shore line index, and
positively with water body area in summer. Roach also correlated positively
with summer area. Gibel carp and sunbleak correlated negatively with the
extent of grassland and with water body area in spring. Rudd correlated
positively with submerged macrophyte cover in all years.

Table 5.7  Redundancy analyses of the environmental variables explaining the abundance of

YOY fish.
Eigenvalues
Cumulative percentage variance
Year | P* | The proportion of the total variance explained | 1l 1 v
2006 | <.01 | 0.612 0.2 0.181 | 0.093 | 0.052
20 38.1 47.4 525
2007 <.01 | 0.604 0.214 0.12 0.095 0.081
214 334 43 51.1
2008 <.01|0.42 0.116 0.1 0.063 0.042
11.6 21.6 27.9 32

*  Based on 1000 permutations (test of significance of the first canonical axis vs. all canonical
axes gave the same results)
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5.6 Discussion
5.6.1 Temperature and flood driven production of YOY

Our results indicate the potential importance of temperature coupled with
flood conditions in fish recruitment in a temperate floodplain. In contrast,
Nunn et al. (2003) suggested that discharge rather than spring tempera-
ture may be the key factor in young fish recruitment in some temperate
lowland rivers, but their conclusions were based on a study on a smaller,
more severely altered river. We observed the overall biomass of YOY fish to
be about three times higher in warmer years and areas with a large flood
extent, compared to the coldest year 2008. Of course our dataset is only
limited to three years of data collection and we cannot be completely sure
how generic the pattern is that we see, but it appears to be corroborated
by other studies (King et al., 2003; Trifonova, 1982). On the other hand, in
areas with a smaller flood extent, biomass was similar despite the differen-
ces in temperature. These observed differences in YOY biomass between
different areas support the hypothesis that the flood pulse immediately af-
fects productivity in the floodplains (Welcomme, 1985). The smaller extent
of flooding in Areas 3 and 4 resulted in a much lower recruitment of all the
species compared to areas with a large flood extent. This corroborates the
importance of high productive flooded terrestrial habitats for fish produc-
tion in floodplains (Herwig et al., 2004). It is also consistent with experimen-
tal findings stressing the importance of temperature and food availability
for exogenous feeding fish fry (Schiemer, Keckeis & Kamler, 2002). Interes-
tingly, we found no marked differences in YOY fish biomass between 2006
and 2007, despite the lower temperatures and lower flood amplitude and
duration in 2006. However the flood peak in 2006 was late and therefore
co-occurred with suitable temperatures for fish recruitment. This possibly
resulted in better recruitment. Moreover, lower peak discharge in 2006 re-
sulted in an average depth of water bodies at the end of summer about 0.2
m lower in all the areas compared to 2007 and 2008. Therefore, CPUE den-
sities could have been biased by the lower volume of some water bodies in
2006 With an average depth of water bodies of 1.5 m the bias would have
been on average 15% . The higher abundance of pelagic bleak caught with
the beach seine in 2006 compared to 2007 could be a (partial) reflection
of this. Additionally, the high abundance of gibel carp in 2006 could have
been a direct effect of the very low flood pulse in 2006. This low flood pulse
resulted in a reduced water volume of some of the floodplain water bodies,
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favouring this species, known for its tolerance to high water temperatures
and hypoxia (Lushchak et al., 2001; Roesner et al., 2008). Another factor po-
tentially affecting spawning and recruitment success is the abundance of
the spawning stock. We do not have quantitative data on spawner abun-
dance, but we do not expect it to play an important role in the number of
recruits, since the relationship between spawning adults and recruitment
success is shown not to be strong (Mooij, 1996).

Differences in YOY abundances were more pronounced between 2007 and
2008 despite the fact that peak discharge, filling the water bodies, was si-
milar in these year. This resulted in similar water depths, despite probably
higher evaporation in 2007 due to higher air temperatures. However, flood
duration in 2008 was about 4 weeks shorter than in 2007, possibly causing
a decoupling of flooding and suitable temperatures reducing YOY fish re-
cruitment. Considering that flooding now occurs earlier than before the
Upper Volga regulation (Mordukhai-Boltovskoi, 1979), this will significantly
decrease the time window in which floodings providing suitable habitat
and suitable water temperatures are in synchrony. Potentially this could
lead to a long-term decrease of recruitment success.

In addition to the co-occurrence of flooding and favourable temperatures
there are other potential mechanisms influencing recruitment success. In
the time between the end of the flooding and late summer both abiotic
(such as anoxia and desiccation) and biotic (competition and predation)
processes may have influenced, or even partially masked the effect of suc-
cessful spawning. In our case however, selected water bodies did not desic-
cate, nor were there any signs of extensive anoxia (although locally this may
have played a role). It is therefore more likely that the temperature conditi-
ons that we report actually enhanced the effect of (un)successful spawning.
For instance, the cold summer temperatures of 2008 may possibly have ad-
ditionally reduced recruitment in that year, because of lower productivity.
Moreover, the non-significant differences in fish length for most of the spe-
cies do not indicate that density-dependent processes such as competition
for food would have been important for recruitment success.

5.6.2 Recruitment of different species

The large extent of floods in Areas 1 and 2 compared to 3 and 4, ensured that
flooding was coupled with suitable temperatures. Therefore Areas 1 and 2
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accommodated significantly higher densities of young fish, especially more
periodic species such as common bream and roach. This supports findings
that large inundation improves the reproductive success of fish species that
frequently reproduce on floodplains (Killgore & Baker, 1996). Consequently,
the higher densities of pike in Areas 1 and 2 could have resulted from the
available higher cyprinid larvae densities which are suitable prey for young
pike. Moreover, extended and prolonged connectivity of Areas 1 and 2 with
the main channel could have made these areas a more suitable nursery ha-
bitat for periodic ide, also the most rheophilic of the analysed fish species.
The small extent and duration as well as lower predictability of flooding,
often resulting in low water levels, high temperatures and possibly hypoxic
conditions in Area 4, severely reduced YOY fish abundances of most spe-
cies, especially periodic strategists. The more opportunistic species gibel
carp, also known for its high temperature and hypoxia tolerance showed
high recruitment success here (Lushchak et al., 2001; Roesner et al., 2008).

5.6.3 Recruitment of different life history traits at the com-
munity level

As expected periodic life history traits which are adaptive to large-scale,
predictable changes dominate fish species that recruit in floodplains. Equi-
librium and opportunistic traits play a minor role. Even with variability of
recruitment success between species, the composition of life history trai-
ts remains stable between years. However, when the environment beco-
mes less predictable, opportunistic strategists might take an advantage as
shown for Area 4. Therefore, further alterations of flood pulse might result
in fish community shifts towards more opportunistic strategists.

5.6.4 Role of permanent water body characteristics

Even though flood and temperature variability between years seems to
dominate fish recruitment in the Volga-Akhtuba floodplain, we found that
more permanent characteristics of the water bodies also played a role in
determining recruitment success for some species.

Common bream revealed a strong association with submerged grassland
area in spring, probably related to its phytophilic spawning preferences
(Reshetnikov, 2002). Moreover, the negative correlation of common bream
abundance with submerged macrophyte cover could be an effect of breams
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ability to deteriorate growth conditions for macrophytes (Scheffer, 1998).
Pelagic bleak was associated with larger water bodies with a low shoreline
index, which is in line with its open-water habitat preference. As expected,
limnophilic rudd was strongly correlated with submerged macrophyte co-
ver, and thus probably short flood duration as shown in other floodplain
river systems (Heiler et al., 1995; Van Geest et al., 2003). Hypoxia-tolerant
gibel carp was the only species surviving in desiccating water bodies, which
are usually small, therefore showing negative correlations with size and ex-
tent of flooded grasslands.

We hypothesize that in the lower Volga floodplain spring temperature and
its match with flooding is the most important factors in YOY fish recruit-
ment. A mismatch of flood timing and temperature reduces recruitment
success of all species, especially periodic strategists (Cushing, 1990). The
shorter flood durations caused by the regulation of the Volga River increase
the probability of such a mismatch and therefore might reduce fish recruit-
ment success in the long run. Independent of flooding events, however,
long-term characteristics of the water bodies within the floodplain, especi-
ally related to their morphology, hydrology, and vegetation, also explain a
large part of fish recruitment success.
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The effects of hydro-geomorphology on fish
abundance and distribution in a large-scale
temperate floodplain

6.1 Abstract

Natural river-floodplain systems are characterized by a dynamic hydro-geomor-
phology resulting in a wide range of habitats that support high fish diversity and
production. Various factors (e.g. hydrological dynamics, water quality, biotic pro-
cesses) have been proposed to explain fish abundance and distribution in large ri-
ver floodplains, but it is still widely acknowledged that the mechanisms involved
might vary in diverse floodplain systems and that they are not fully understood. To
examine whether flooding dynamics and floodplain geomorphology influence fish
abundance, and species distributions across the Volga-Akhtuba floodplain, Russian
Federation we examined (1) the inter-annual variation in species abundance and
(2) the distributions of eight species with respect to variables reflecting floodplain
hydro-geomorphology. We used both ANOVA and boosted regression trees analy-
sis to analyse the data. We found that inter-annual flood variability caused variation
in overall abundances of most fish species. However, prevalence of the majority of
most abundant species remained stable. The distribution of fish species was strongly
influenced by geomorphology and flooding. The geomorphic heterogeneity of the
floodplain creates suitable habitats across ranges of fish guilds (rheophilic, eurytopic
and limnophilic) resulting in high diversity of the floodplain ichthyofauna. We con-
clude that this diverse habitat availability is a highly significant factor influencing fish
abundance and distribution in the Volga-Akhtuba floodplain and that its effects can
be more pervasive than the effects of inter-annual variability in flooding, except for
temporary deviations in part of the water bodies occurring during extreme years.
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BnnaHue rmapo-reomop¢onornyeckmnx
YCIOBU Ha UMC/IEHHOCTb Ppbld n ee
pacnpepeneHne B  KPyMHOMACLWITaGHbIX
novmax ymepeHHoro Knmmara

6.2 Peslome

EcTecTBeHHble CMCTeMbl peKa-MorMa XapaKTepusylTca ANMHAMUYECKUMU FUApPO-
reomopdonormyeckumy  npowueccamv, GopMUPYIOWUMA  LUMPOKUIA  AUana3oH
YCIIOBUI OOWTaHWA, KOTOPbIi MOALEPKMBAET BbICOKOE pa3Hoobpasvie BULOB
pbl6 U X NPOAYKTMBHOCTb. [ANA OGBACHEHWA UYMCNEHHOCTM W pacnpeaeneHns
pbl6 B GonblwKMx MONMax peKk mnpengnaralTca pasfnyHble ¢akTopbl (Hanpumep,
rmgponornyeckas AUHaMMKa, KauecTBo Bofbl, 6MoTUUecKMe npoLecchl), ogHaKko
4O CUX Mop OO6LIenpu3HAaHO, YTO OKasblBalolWMe BIWAHME MeXaHVW3Mbl MOTyT
pa3nnyaTbca B HECXOAHbIX MONMEHHbIX CUCTEMAX M YTO 3TN MEXaHU3Mbl He 10 KOHLa
NoHATbl. YTOObI ONpenenuTb, BAVUAET NN AUHAMUKA MOJIOBOAbA 1 reoMopdonorns
NoliMbl Ha YNCNIEHHOCTb PbIO U pacnpepaeneHne BUAOB B Bonro-AxTy6uHcKoim noime,
Poccuiickana Oefepaums, Mbl uccnefosany (1) MexrofoBble BapraLMm B KONNYECTBe
BMAOB M (2) pacnpepeneHne BOCbMW BUAOB B 3aBWCMMOCTM OT MEPEMEHHbIX,
OnuCbIBALWMX rmgponornyeckue n reomopdonornyeckne ycnosus. na aHanmsa
ZaHHbIX Mbl CMONb30BaNN AUCNEPCUOHHBIN aHann3 (ANOVA) 1 meTog paclumpaemblx
perpeccroHHbIxX aepeBbeB (boosted regression trees analysis). Mbl BbisiBMAW, YTO
MEeXrofoBas M3MEHYMBOCTb 3aTOMJIEHUIN MOWMbI CAYXWUNa MPUYMHON Pasnnyumn
B OOLEeN YMCNEeHHOCTU 6onblWMHCTBA BUAOB pblb. OgHako, JOMUHMPOBaHWe
60onblUMHCTBA Hambonee MHOFOUMCIIEHHbIX BMAOB OCTaBanocb CTabunbHbIM. Ha
pacnpefeneHvie BUOOB pPblb CyLECTBEHHO BAMANN reoMopdoriormyeckme ycioBus
N xapaKkTep 3atonneHus. [eomopdonornyeckas HEOLHOPOAHOCTb NOWMMbI CO3JaeT
noaxoAsLne MecToobuTaHWsA ANs Pa3fnyHbIX SKONMOrMYECKUX rpynn pbi6 (peodusbl,
3BPUTOMbI U IMMHOOWbI), BbipaXasiCb B BbICOKOM pa3HOOOpasvu mxtrmodayHbl
novimbl. Mbl NpYXoAnM K BbIBOAY, YTO AOCTYMHOCTb Pa3HOOOPa3HbIX MeCT 06UTaHKA
ABNAETCA OOHUM U3 Hambonee 3HauMMbIX GaKTOPOB, BAMAIOWMM Ha M306unue 1
pacnpegeneHue pbibbl B Bonro-AxTy6rHCcKo noime, 1 YTo fencTaue 3Toro Gpakropa
MOXeT 6bITb 6osee CyLecTBEeHHbIM MO CPABHEHWIO C MEXIOA0BOW M3MEHUMBOCTbIO
3aToMJ/IeHNs, 3a NCKITIOYEHMEM BPEMEHHbIX OTKIIOHEHWI B YaCTU BOAHbIX 0OBEKTOB,
NPOABAALMNXCA B SKCTPEMANbHbIX MO FMAPONOrMYECKMM YCIOBUAM rOAax.
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6.3 Introduction

Natural river floodplains are among the most productive and diverse fresh-
water ecosystems (Tockner & Stanford, 2002; Ward, Tockner & Schiemer,
1999). Seasonal flooding inundates terrestrial habitats, and this in turn ex-
pands habitat availability and increases habitat complexity for aquatic or-
ganisms. Flooding also mobilizes organic matter (Robertson et al., 1999),
and facilitates the exchange of nutrients between the aquatic and terres-
trial compartments of the riverine ecosystem. Increased nutrient availabi-
lity and frequent disturbances are caused by regular flooding, which result
in high production and biodiversity of floodplains (Junk, Bayley & Sparks,
1989; Lowe-McConnell, 1964; Tockner, Malard & Ward, 2000). Water bodies
in the floodplain can show strong environmental dynamics (Baker, Killgo-
re & Kasul, 1991; Sabo & Kelso, 1991), largely driven by the seasonal flood
pulse (Miranda, 2005; Schramm & Eggleton, 2006). Because of the dynamic
nature of river-floodplain systems and the spatial and temporal extent of
connectivity, floodplain water bodies are characterized by varying hydro-
geomorphic features e.g. water body size, shape, and distance to the main
channel. They provide a wide range of habitats that support high fish diver-
sity and production (Amoros & Bornette, 2002; Welcomme, 1985).

Various mechanisms have been proposed to explain fish abundance and
distribution patterns in floodplain systems (Lowe-McConnell, 1987; Mar-
telo et al., 2008; Saint-Paul et al., 2000; Welcomme, 1985). Some studies
propose that fish abundances and distributions are random in floodplain
water bodies (Lowe-McConnell, 1987). Other authors suggest active ha-
bitat selection by fish species (Martelo et al., 2008; Saint-Paul et al., 2000;
Welcomme, 1985), which in turn may be influenced by water quality pa-
rameters of the floodplain water bodies such as turbidity (Tejerina-Garro,
Fortin & Rodriguez, 1998). Recently, flood pulse dynamics (e.g. frequency,
magnitude, timing and duration of floodplain inundation) were suggested
as a major factor structuring abundance and distribution of fish in tropical
as well as arid floodplains (Arthington et al., 2005; da Silva, Petry & da Silva,
2010; Sousa & Freitas, 2008). The aforementioned studies indicate that the
mechanisms shaping fish abundance and distribution in large river flood-
plains are highly variable and not fully understood. Some recent studies
demonstrate the importance of hydrological dynamics in structuring fish
abundance and distribution in tropical floodplains in South America (Ar-
rington & Winemiller, 2006; Espirito-Santo et al., 2009; Martelo et al., 2008)
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and Australian arid rivers (Balcombe & Arthington, 2009). Few studies have
been carried out in large temperate floodplains (Lasne, Lek & Laffaille, 2007;
Winemiller et al., 2000), of which most examined fish abundance and distri-
bution in floodplains that were severely altered by human activity (Feyrer,
Sommer & Harrell, 2006; Gehrke & Harris, 2000; Grift, Buijse & Van Geest,
2006; Jurajda, Reichard & Smith, 2006). This is related to the scarcity of un-
disturbed large temperate floodplains in temperate zones since up to 90 %
of the floodplains in Europe and North America are considered functionally
extinct due to river regulation (Tockner & Stanford, 2002).

The lower Volga floodplain is still relatively undisturbed (Middelkoop et
al., 2005), and thus provides an excellent opportunity to study factors that
control fish abundance and distribution. In this study we aim to determine
how the abundance and distribution of fish species in such a floodplain is
influenced by hydro-geomorphic conditions. Therefore our objectives were
to 1) determine the effects of flooding and geomorphology of floodplain
water bodies on floodplain fish abundance; 2) determine which hydro-
geomorphic features play the most important roles in the distribution of
various species within the floodplain and 3) predict fish distribution in the
floodplain, based on relationships between the occurrence of selected spe-
cies and hydro-geomorphic variables.

6.4 Methods
6.4.1 Study Area

The Volga River (Russian Federation), with a length of 3,690 km and an
average annual discharge of 8,103 m3s™, is the longest river in Europe and
16" longest in the world (Litvinov et al., 2009). It has a combined rainfall /
snowmelt flow regime, with peak discharge in May-June. A series of up-
stream dams, completed in the 1960s, moderately altered the natural flow
regime of the lower Volga downstream of Volgograd (Middelkoop et al.,
2005; Mordukhai-Boltovskoi, 1979). Directly downstream of the Volgograd
dam, the Volga splits into the larger Volga River, and the smaller Akhtuba Ri-
ver. The Volga-Akhtuba floodplain extends between these two rivers over a
length of 300 km, and is 10-30 km wide. The Western part of the floodplain
(the study area, Fig. 6.1) accommodates about 3500 water bodies (shal-
low floodplain lakes and streams) with a wide range of sizes and shapes.
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Figure 6.1

Map of the Volga-Akhtuba floodplain and its location in Russian Federation.
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Figure 6.2 Daily discharge of Volga River during sampling years.
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The depth of most of the floodplain lakes ranges between1-2 metres. The
Volga-Akhtuba floodplain is situated in the semi-arid continental climatic
zone with very dry, hot summers and severe, cold winters (Averina et al.,
2000). Its geomorphology has been preserved to a large extent (Averina
et al., 2000). The vegetation of the floodplain mainly consists of meadows
(Averina et al., 2000), which are used for extensive grazing of cattle and hay
production (Losev et al., 2008). When water levels rapidly rise in spring (Fig.
6.2), 50-85% of the floodplain is inundated within approximately two weeks
through permanent and temporary side channels as well as through over-
flowing terrestrial areas.

6.4.2 Data collection

The geomorphology of 3518 water bodies was described by determining
the surface area and perimeter from available digitised topographic maps
(scale 1:85,000) using ArcGIS and by calculating shoreline development
(SLD) and shoreline index (SLI) (measures for shoreline complexity and wa-
ter body shape) from these (Table 6.1). Flood extent was derived from a
sequence of five satellite images and field observations and classified into
4 levels: (1) no overbank expansion of the water body; (2) overbank expan-
sion, but water bodies do not merge (3) large overbank expansion, water
bodies merge, but large non-flooded patches remain; and (4) very large
overbank expansion, resulting in one large water table.

Table 6.1  Variables used in the classification of water bodies .

Variable | Description

Area Surface area in summer (ha)

SLI Shore Length Index (the ratio of shore length to water body area; m™)

SLD Shore Line Development (the ratio of the length of the shore line to the length of the
circumference of a circle of area equal to that of the water body)

Extent Flood extent (categories 1-4) From low to high

Fish were sampled in water bodies which were selected to cover a broad
range of hydro-geomorphic characteristics. Sampling was performed from
the end of August until the end of September in 2006 (19 water bodies),
2007 (27 water bodies), and 2008 (40 water bodies). Fifteen water bodies
were repeatedly sampled across all three years. On average three samples
were collected in each water body using a beach seine (30 m long, 1.5 m
high, 10 mm stretched mesh size). The beach seine was hauled over a dis-
tance of 20 - 40 m, sweeping an area of 600 — 1200 mZ2. For each sample,
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fish were identified to the species level (Koblitskaya, 1981), counted and
measured (standard length). In each water body, a subsample of fish was
weighed and length-weight relationships were derived. Catch per unit ef-
fort (CPUE) was expressed as gm™ area swept by the seine. Scientific and
common names, flow guilds and totals of individuals caught for each of the
fish species are given in Table 6.2.

Table 6.2  List of all the species caught with their flow preferences (Reshetnikov, 2002; Schiemer
& Spindler, 1989).

SPECIES
Scientific name Common name | Flow Total number
preference caught
Abramis ballerus (Linnaeus, 1758) Blue bream Eurytopic 344
Abramis brama (Linnaeus, 1758) Common bream | Eurytopic 26,069
Alburnus alburnus (Linnaeus, 1758) Bleak Eurytopic 38,835
Alosa kessleri (Grimm, 1887) Caspian anadro- | Rheophilic 2

mous shad
Aspius aspius (Linnaeus, 1758) Asp Rheophilic 20
Blicca bjoerkna (Linnaeus, 1758) White bream Eurytopic 44,706
Carassius carassius (Linnaeus, 1758) Crucian carp Limnophilic 207
Carassius gibelio(Bloch, 1783) Gibel carp Eurytopic 10,547
Clupeonella cultriventris (Nordmann, 1840) Black Sea sprat Rheophilic 7,485
Cobitis taenia (Linnaeus, 1758) Spined loach Rheophilic 1,291
Cyprinus carpio carpio (Linnaeus, 1758) Carp Eurytopic 466
Esox lucius (Linnaeus, 1758) Pike Eurytopic 1,128
Gymnocephalus cernuus (Linnaeus, 1758) Ruffe Eurytopic 2,731
Leucaspius delineatus (Heckel, 1843) Sunbleak Limnophilic 11,331
Leuciscus idus (Linnaeus, 1758) Ide Rheophilic 1,770
Misgurnus fossilis (Linnaeus, 1758) Weatherfish Limnophilic 2
Neogobius fluviatilis (Pallas, 1814) Monkey goby Eurytopic 811
Perca fluviatilus (Linnaeus, 1758) Perch Eurytopic 18,116
Proterorhinus marmoratus (Pallas, 1814) Tubenose goby | Eurytopic 342
Rutilus rutilus (Linnaeus, 1758) Roach Eurytopic 124,382
Sander lucioperca (Linnaeus, 1758) Pikeperch Eurytopic 19
Scardinius erythrophthalmus (Linnaeus, 1758) | Rudd Limnophilic 10,207
Silurus glanis (Linnaeus, 1758) Wels Eurytopic 5
Syngnathus abaster (Risso, 1827) Black-striped Eurytopic 931
pipefish

Tinca tinca (Linnaeus, 1758) Tench Limnophilic 342
302,089
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6.4.3 Data Analysis - Abundance

Mean CPUE values were calculated for each species and each water body
(WB) in each year (2006-2008). CPUE-values of the 12 most abundant
species were tested by analysis of variance (ANOVA) for the effect of year
and WB, using the model: CPUE = year + WB + yearWB + €. Because of
the non-normal distribution of CPUE values, data were ranked and ranks
were transformed using Blom’s method, which adjusts the rank scores to an
approximately normal distribution (Blom, 1958). In this way we could use
ANOVA on the transformed ranks, allowing for testing for interactions. This
would not have been possible when using a non-parametric method on
non-transformed ranks. The fifteen water bodies that were sampled across
all years were used for this analysis.

6.4.4 Data analysis - Occurrence

The occurrence of eight species were described with respect to flood ex-
tent, surface area of water body, shoreline development (SLD) and shoreli-
ne index (SLI) for 43 sampled water bodies, using Boosted Regression Trees
Analysis (Elith, Leathwick & Hastie, 2008; Friedman, 2001; Friedman, 2002).
Boosted regression trees have recently been shown to be a powerful ap-
proach for ecological modelling studies (De'ath & Fabricius, 2010; Elith et al.,
2008; Leathwick et al., 2008). The approach consists of two components: fit-
ting regression trees and boosting. The algorithm of fitting regression trees
involves iteratively partitioning the data in parts in such a way that the sum
of the squared deviations from the mean in the separate parts is minimised.
This has a number of advantages in comparison to classical regression tech-
niques, e.g. the ability to deal with missing data and to automatically mo-
del interactions. However, regression trees are prone to misclassification.
To overcome misclassification errors, the boosting algorithm stochastically
combines regression trees in different combinations and fits these to the
data to produce a robust predictor. The algorithm iteratively improves the
fit by focusing on the observations which are the hardest to predict in each
cycle until an optimal solution is found (Elith et al., 2008).

To identify the importance of each of the environmental variables in explai-
ning fish occurrence, binomial models were run for each of the 8 selected
species separately. We did not analyze statistically rare species (occurring
less than 20%). The tree complexity and learning rate of the models was
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optimized in all cases so that a maximum of ~1000 trees was fitted. Ten-fold
cross-validation was used to assess the performance of each model. Cross-
validation compares the fitted values from ten individual models, based
on 10 random subsets of the data, to withheld portions of the raw data
(Elith et al., 2006; Leathwick et al., 2006). Predictive performance of the mo-
dels was assessed using the area under the receiver operating curve (AUC)
(Bradley, 1997). Values for AUC give a measure of the degree to which fitted
values discriminate between observed presences and absences; values can
be interpreted as indicating the probability that a presence for a species
drawn at random from the data will have a higher fitted probability than an
absence drawn at random (Leathwick et al., 2008). To account for the year
effect in each of the species models the water bodies that were repeatedly
sampled across all years were placed into a single cross-validation fold and
were down-weighted so that the contribution of each replicate year repre-
sented a fraction of the total. In addition, because of the low sample sizes in
this study the cross-validated BRT performance measures were estimated,
based on 5 replicate model runs.

The importance of each predictor variable was assessed by calculating
the contribution of each predictor to the model, averaged across all trees
(n.trees in Table 6.4; Ridgeway 2006). Spatial predictions of fish occurrence
for each species were predicted across the sampled area using the final mo-
del and estimated information for the other 3518 water bodies across the
Volga-Akhtuba floodplain. All BRT models were fitted in version 2.6.0 of R
using the ‘gbm’library (Ridgeway, 2004).

6.5 Results

6.5.1 Abundance dynamics

During the 2006 - 2008 surveys more than 300,000 fishes representing a
total of 25 species were caught (Table 6.2). Eurytopic fish species such as
roach, perch, pike, common bream and white bream accounted for the hi-
ghest CPUE in weight (g'm) (Table 6.3). Small-bodied bleak, sunbleak and
Black Sea sprat were also numerous (Table 6.1), but their contribution to
CPUE expressed in gm was smaller. CPUE values showed a high variation
between years and water bodies, but there were some consistent patterns.
Roach was the most abundant species in all years followed by perch and
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Table6.3 ANOVA table of the CPUE (g-m?) of the most abundant fish species.; P, probability;

WB, water bodly.
Abbrev | Species 2006 ‘ 2007 2008 Factor P
WB Year WB-year
2
Mean CPUE (SE) (g:m?) (df=14) (df=2) (df-28)
Abbr Abramis brama 1.2(0.4) 1.7 (0.6) 1.3(0.5) | <.0001 0.3398 <.0001
Alal Alburnus alburnus 1.0 (0.4) 0.6 (0.1) |0.2(0.06)  0.0016  <.0001 <.0001
Blbj Blicca bjoerkna 2.0(1.0) 0.9(0.3) | 0.4(0.2) | <.0001 | <.0001 <.0001
Cagi Carassius gibelio 2.7(1.2) | 0.51(0.4) | 0.4(0.2) | <.0001 | <.0001 <.0001
Cyca Cyprinus carpio 1.2(0.5) |0.06 (0.04) 0 <.0001 | <.0001 <.0001
Eslu Esox lucius 4.8 (1.1) 34(1.0) | 2.0(0.4) | <.0001 | 0.0487 <.0001
Gyce Gymnocephalus cernuus | 0.25(0.1) | 0.5(0.2) | 0.7(0.3) | <.0001 | 0.0019 <.0001
Leid Leuciscus idus 0.14(0.1) | 0.2(0.1) | 0.2(0.1) | <.0001 | 0.5814 <.0001
Pefl Perca fluviatilus 2.0(0.7) 24(0.6) | 6.0(2.6) | 0.0004 | 0.0326 <.0001
Ruru Rutilus rutilus 5.0(1.5) 48(1.1) | 6.4(2.4)  0.0004  0.6572 0.0003
Scer Scardinius 0.95 (0.4) 1.2(0.4) |0.4(0.16) | <.0001 | 0.0025 0.0002
erythrophthalmus
Titi Tinca tinca 0.07 (0.05) | 0.09 (0.06) | 0.1 (0.06) | <.0001 0.79 0.0321
2.0
Cyca
c 16| mY
e}
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Figure 6.3 Mean CPUE and CV between years for the 12 most abundant species (abbreviations
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pike (Table 6.3; Fig. 6.3). Common bream, ide, roach and tench showed the
lowest variation between years (no significant effect of year; Table 6.3; Fig.
6.3), whereas common carp and gibel carp showed the largest variation in
abundance between years, with CPUE about 6-fold higher in 2006. Bleak
and white bream showed the highest CPUE in 2006, with a 2 to 5-fold lower
level in respectively 2007 and 2008. Pike also showed the highest CPUE in
2006, but with a 1.5-fold decrease in the following years. By contrast, ruffe
and perch demonstrated the lowest CPUE in 2006 and an approximately 2
to 3-fold increase in 2007 and 2008 respectively. All species showed a sig-
nificant effect of the WB and the interaction term between WB and year,
suggesting that hydro-geomorphology plays an important role in shaping
abundance patterns within the floodplain.

6.5.2 Hydro-geomorphic variables and fish distribution

BRT model performances were relatively high (cross-validated AUC > 0.7)
for most individual species models, with the exception of common bream
and tench (Table 6.4). Water body size was the most important predictor
explaining the probability of occurrence of eurytopic bream and ruffe and
rheophilic ide (Table 6.4), whereas flood extent was the most significant
predictor explaining the occurrence of eurytopic white bream and black-
striped pipefish (Table 6.4). Common bream and ruffe were most frequently
present in large water bodies, whereas the distribution of white bream was
also strongly positively associated with large flood extent (Fig. 6.4A,B). Si-
milarly rheophilic ide and spined loach were most frequently found in large
water bodies with a large flood extent (Fig. 6.4A,B). For limnophilic tench
and eurytopic gibel carp the shore line development and shoreline index
were the most important predictors explaining their occurrence. Tench was
found across a range of water body sizes and showed a strong association
with well-developed shorelines, just like gibel carp, which also showed a
negative association with flood extent. Eurytopic black-striped pipefish
were strongly associated with intermediate flood extent and well-develo-
ped shorelines.

Predictions of species occurrence across the 3518 water bodies identified
that distribution patterns varied across the species, as shown for the dis-
tribution of common bream, white bream, gibel carp and ide (Fig. 6.5A,B).
Common bream was predicted to occur most frequently in large water
bodies and they were predicted to occur along the whole study area (Fig.
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6.5A). Spatial predictions for white bream and ide identified that across the
water bodies which were not sampled, these species could occur more fre-
quently in the North-Eastern part of the study area (Fig 6.5A,B) where there
is a large flood extent (Fig. 6.6). Gibel carp, on the other hand, was predicted
to occur most frequently in smaller water bodies and in the South-Western
part of the floodplain associated with a low flood extent (Fig. 6.5B).

Table 6.4  Average percentage contributions of environmental variables to species distribution
(bold indicates the variable explaining the highest proportion of the variation) and
summaries of the optimal binomially distributed boosted regression tree models for
species with intermediate prevalence. All models were fitted with a tree complexity
of 3;Ir, learning rate; n.trees, number of trees; AUC, area under the receiver operating
tree; Ir was optimized for each species model so that an optimal number of trees was
fitted. Mean and standard errors (SE) for the predictive deviance and AUC were cal-
culated using tenfold cross-validation.

Contributing variables

[ —_
8 £ )
c i <G
3 - s | 3 |E2| 8
e | 8 § 3 g5 2
- ) (a] - © v 3 = = v 2
T | 2 a@ @ g a88 = e 2 &8 =2
Abramis brama 53 63.3 | 232 7.6 0.6 71 0.0003 | 1450 | 0.63 | 0.58 | 0.66
(0.09) | (0.04)
Blicca bjoerkna | 46.2 | 22.0 | 98 | 164 | 56 78 0.0013 | 1150 | 0.63 | 047 | 0.84
(0.08) | (0.04)
Carassius gibelio | 21.4 | 285 | 13.0 | 35.4 1.7 63 0.0013 | 1200 | 0.65 | 0.57 | 0.76
(0.1) | (0.07)

Cobitis taenia 321 | 400 89 | 152 | 38 63 | 0.0006 | 1050 | 069 | 0.6 | 0.72
(0.08) | (0.07)
Gymnocephalus | 3.7 | 70.1 | 164 | 9.1 0.7 44 | 0.0003 | 1000 | 0.66 | 0.64 | 0.7

cernuus (0.05) | (0.06)
Leuciscus idus 38.0 | 45.0 29 6.9 7.2 51 0.0013 | 1000 | 0.68 | 048 | 0.87
(0.09) | (0.03)
Syngnathus 349 | 196 | 232 | 19.1 | 3.2 29 0.005 | 1200 | 0.57 | 0.36 | 09
abaster (0.1) | (0.03)
Tinca tinca 7.4 12.7 | 39.1 | 33.9 6.9 45 0.0003 | 1100 | 0.68 | 0.67 0.6
(0.04) | (0.04)
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Figure 6.4A Functions fitted for the three most important predictors for four species. The functi-
ons fitted by the BRT models relate the probability of occurrence to flood extent and
some features of water body geomorphology.
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Figure 6.5A Spatial distribution of predicted probabilities of occurrence of common bream and
white bream. The distributions were predicted across the sampled area using the
final BRT models and estimated information for the other water bodies across the
Volga-Akhtuba floodplain.
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Figure 6.5B Spatial distribution of predicted probabilities of occurrence of gibel carp and ide. The
distributions were predicted across the sampled area using the final BRT models and
estimated information for the other water bodies across the Volga-Akhtuba flood-
plain.
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Figure 6.6 lllustration of the flood extent for selected water bodies within the floodplain in dif-
ferent years.

6.6 Discussion

Species occurrence at a particular location and time may be due to a com-
bination of large-scale factors (i.e. climate, catchment geomorphology),
whereas the relative abundance or biomass of a species in an assembla-
ge is more likely driven by processes operating at the local scale, such as
habitat availability and biotic interactions (Rahel, 1990). In this study we
found that species distributions were strongly associated with large scale
hydro-geomorphology of the floodplain whereas abundance was strongly
influenced by both local geomorphology of water bodies and inter-annual
flood variability.

6.6.1 Methodological uncertainties
We are aware of the possible methodological uncertainties and limitations

of our data sets, which we will subsequently discuss below. Fish data were
collected using a seine net, which may cause bias. However, seining was
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reported to be the most effective method for sampling shallow offshore
sites, compared to other methods i.e. electrofishing (Lapointe, Corkum &
Mandrak, 2006). Moreover as shown by Jurajda et al. (2009), who also used
a seine net with 10mm mesh size and compared it to point-sample elec-
trofishing and continuous electrofishing, reported that estimates of the
size structure of the fish assemblages obtained using the beach seine were
similar to those obtained by electrofishing. As mentioned in the Methodo-
logy section, the analysis of the effect of year and water body on CPUE was
based on 15 water bodies only. These water bodies were selected to cover
a range of hydro-geomorphic features, but the conclusions drawn should
be taken with caution. We observed high CV values for some species with
low CPUE values (Fig. 6.3). This indicates higher variation in abundance
between years for these species. However, it may also suggest that for rarer
species data become more uncertain. Further difficulty arises from possible
temporal auto-correlation between years within water bodies, which may
obstruct the interpretation of the results of ANOVA (Nagelkerke & van Den-
sen, 2007). These uncertainties would require larger spatial and temporal
resolution of the dataset. However, because we did not find any indication
of temporal auto-correlation and extensive long-term datasets are lacking
for large temperate floodplains we believe that the patterns found hold im-
portant clues for further unravelling the effects of hydro-geomorphology
on fish in large temperate floodplains.

6.6.2 Does variability in fish abundance relate to environ-
mental variability?

The abundances (CPUE) of many species showed significant inter-annual
variation. In 2006 the abundance of common carp and gibel carp was much
higher compared to 2007 and 2008, despite the severe winter hypoxia with
extensive fish mortality (Sorokin, V.N.; pers. comm.) and the desiccation of
some water bodies in the following summer due to low flood magnitude in
2006. In 2007 and 2008 the winters were less severe and desiccation did not
occur. Both these species are known for their hypoxia tolerance (Lushchak
et al., 2001; Van Raaij et al., 1996) and therefore might have had a selec-
tive advantage compared to other species from the specific environmen-
tal conditions occurring in 2006. Winter hypoxia may also have provided
a selective advantage in recruitment for these species. Similar results were
found indeed for common carp in the Midwest shallow lakes in the USA
(Bajer & Sorensen, 2010). In eutrophic lakes in Finland, severe winter morta-
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lities were found to lead to high zooplankton abundances, which resulted
in clear water, thereby favouring visual predators such as perch and pike
(Jeppesen et al., 1997). In 2006, we observed slightly higher abundances of
pike, but the abundances of perch did not corroborate the results of Jeppe-
sen et al. (1997). Possibly, pike depends more on water clarity in capturing
prey than perch that is also successful in turbid waters (Chapman & Mackay,
1984; Granqvist & Mattila, 2004; Hoogland, Morris & Tinbergen, 1956). An al-
ternative explanation might be that annual flooding allowed dispersal and
re-colonisation (Miranda, 2005), thereby reducing or diluting possible ef-
fects of winter hypoxia. The abundances of eurytopic common bream and
roach, rheophilic ide and limnophilic tench did not show significant year
effects, despite the differences in flood magnitude and duration between
sampling years (Fig. 6.2). For all these species we found a significant effect
of water body and water bodyxyear interactions (Table 6.3). This suggests
that the role of inter-annual flood variability in structuring fish abundances
is especially relevant at the spatial scale of individual water bodies and not
so much on the scale of the entire floodplain. This may be a result of the
large geomorphic diversity of the Volga-Akhtuba floodplain. Consequently,
even with different flood magnitudes required habitats for various fish spe-
cies (e.g. rheophilic to limnophilic) remain available in all years. Moreover
occurrences of the most abundant species remain stable suggesting that
the hydro-geomorphic characteristics maintain the distribution of fishes in
the floodplain water bodies (Fig. 6.5A,B).

6.6.3 Does hydro-geomorphology govern fish distribution?

Large-scale geomorphology, controlling the flood extent, in combination
with smaller scale geomorphology (water body size, shore line complexity)
seems to control the prevalence of various flow guilds within the floodplain
(Fig. 6.7). Rheophilic ide and spined loach were most prevalent in large wa-
ter bodies with a high flood extent. A similar but weaker association, was
found for the more eurytopic white bream (which is more often associa-
ted with running waters; Grift et al. (2001) reported that this species avoids
isolated floodplain water bodies). By contrast, eurytopic gibel carp (often
associated with stagnant waters (Lasne et al., 2008)) was more prevalent
in smaller water bodies with a small extent of flooding. Small water bodies
with low flood extent have higher probability of exposure to harsh conditi-
ons (such as winter hypoxia or desiccation, as shown in 2006). Hypoxia to-
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Figure 6.7 Effects of interactions between flood extent and water body area on probabilities of

occurrence of selected species. The plots are based on the probability functions fitted
by the BRT models.
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lerance possibly allows gibel carp to take advantage in these environments
over other species (Nilsson & Ostlund-Nilsson, 2008; Roesner et al., 2008).
The distributions of eurytopic common bream and ruffe were associated
with large water body size. Large floodplain water bodies often show a
higher turbidity and lower macrophyte cover (Van Geest et al., 2003). Tur-
bid waters are preferred habitats for these species. Ruffe is able to select
moving prey items under high turbidity (Holker & Thiel, 1998) and does
not rely on macrophytes as spawning substrate (Reshetnikov, 2002). Also
common bream is typically found in turbid open waters (Lammens, Nes &
Mooij, 2002) and has superior feeding abilities in these environments (Die-
hl, 1988). The distribution of limnophilic tench was associated with shore
line complexity. Tench avoids open, clear waters (Kotrschal et al., 1991), and
therefore complex, usually vegetated, shorelines may be very important for
its distribution. In addition, a decline in tench populations was shown to
be related to a decline in littoral zone complexity (Mamcarz & Skrzypczak,
2006).

The hydro-geomorphic variables which we used seem to explain a large
part of the variation in distribution patterns for many species. However,
other variables may play a role too, i.e. distance to the main channel, flow
velocity or chemical water quality parameters (Araujo, Pinto & Teixeira,
2009; Rodriguez & Lewis, 1997). In addition macrophyte abundance may
also explain a large part of the variability in the distribution of species such
as tench (Navodaru, Buijse & Staras, 2002) or black-striped pipefish (Luzh-
nyak & Korneev, 2006; Malavasi et al., 2007). Nevertheless, some of these
variables could possibly correlate with the variables we used (e.g. turbidity
with lake geomorphology (Hamilton & Lewis, 1990)) and, therefore, the pat-
terns observed would not change markedly.

6.6.4 The flood pulse, geomorphology and floodplain fish

The annual flooding and the high degree of connectivity among the water
bodies of the Volga-Akhtuba floodplain enable fish dispersal during spring
flooding. However, the specific characteristics of the floodplain such as
flood extent are strongly associated with large-scale geomorphology. This
results in significant differences between different areas which appear rigid
to most of the variation in flood pulses, except perhaps for extreme flood
pulses. Therefore, flooding reduces the spatial variability in environmental
conditions and resulting fish communities (Thomaz, Bini & Bozelli, 2007),
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but on the other hand the geomorphology influences flood characteristics
and increases spatial variability.

Our main conclusion is that spatial heterogeneity of hydro-geomorphic
characteristics of floodplain water bodies and the hydrological connectivity
results in a spatial gradient in the occurrence of fish, as shown for 8 analysed
species across the floodplain. This may suggest that assemblage structure
for other species is driven by similar factors. This conclusion corroborates
the results from neotropical and tropical floodplain systems (Petry, Bayley
& Markle, 2003; Pouilly & Rodriguez, 2004; Rodriguez & Lewis, 1994; Rodri-
guez & Lewis, 1997; Saint-Paul et al., 2000), proposing that fish assemblages
are driven by hydro-geomorphic variables. In the Volga-Akhtuba floodplain
the influence on fish distributions of inter-annual flooding may be reduced
as a result of its large scale and because of the hydro-geomorphic com-
plexity resulting in the availability of many different and extensive habi-
tats. Consequently, the Volga-Akhtuba floodplain has more or less stable
fish communities, associated with different parts of the floodplain, despite
of its great dynamics. The diverse hydro-geomorphology of the floodplain,
which results in high habitat diversity, was shown to be a highly significant
factor influencing fish abundance and distribution and to have the ability
to buffer the ecological effects of flood events that differ in magnitude.
In addition, this diverse hydro-geomorphology, creates suitable habitats
across ranges of fish guilds (rheophilic, eurytopic and limnophilic) resulting
in high diversity and biocomplexity of the floodplain (Amoros & Bornette,
2002).
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Chapter 7

River floodplains are increasingly appreciated for their possible role in flood
protection in combination with river rehabilitation (Buijse et al., 2002; Galat
& Zweimdiller, 2001). In addition, floodplains provide a necessary habitat
for many river fishes, in particular for feeding and recruitment (Baber et al.,
2002; Holland & Huston, 1985; Poizat & Crivelli, 1997). Because only few na-
turally functioning floodplains remain, particularly in temperate regions
(Tockner & Stanford, 2002), their importance for fish recruitment and diver-
sity has mostly been explored in conceptual and semi-quantitative terms.
Empirical evidence to corroborate the concepts is generally poorly availa-
ble. The present study aimed at increasing such empirical knowledge on
the reproduction, recruitment and distribution of fish in a temperate river
floodplain. We assessed the availability, the accessibility and the predicta-
bility of floodplain habitats for the recruitment of various fish species, in
an attempt to link the interactions between the floodplain’s hydrology and
geomorphology to fish recruitment. In this chapter the main findings of
the study are summarized and discussed. Directions for future research and
implications for floodplain fisheries and floodplain restoration in temperate
regions are also considered.

7.1 Main findings

The present study provides a quantitative assessment of the flood pulse
concept (FPC). Therefore it offers a more generic understanding of the re-
lationship between the flood pulse and fish recruitment dynamics in tem-
perate floodplains, which in turn may allow the assessment of potential
changes in fish production and diversity under changing hydrological con-
ditions.

Analysis of time series of discharges of the Volga at Volgograd (1879-2006)
demonstrated that the flood pulse magnitude in the Volga-Akhtuba flood-
plain has noticeably decreased due to construction in 1960 of the Volgo-
grad Reservoir, directly upstream of the floodplain. Still, in spite of this hy-
drological control, considerable year-to-year variation in flood magnitude
and timing has remained (Fig. 7.1). Flood control is geared to maintain and
regulate hydropower production and improve navigation, but fisheries be-
nefits are also considered. Therefore, discharge management still provides
significant spring flooding. This yearly flooding preserves the eco-hydrolo-
gical functioning of the floodplain and fish populations in the Volga-Akhtu-
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ba floodplain can still depend on year-to year variations in the annual flow
regime. In addition, a strong correlation was found between commercial
fish catch in the floodplain and flood magnitude, suggesting increased fish
recruitment and better feeding conditions in years following high floods.
This corroborates with the FPC. The fact that no significant correlation was
found for the commercial catch in the main channel of the Volga, suggests
that fish present in the main channel benefit much less from high floods
(Chapter 2).
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Figure 7.1 Daily discharge at the Volgograd Dam in years 2005-2008 and the mean for 1996—
2007.

The field study on fish recruitment during three consecutive growing sea-
sons (2006-2008), from spawning to 0* recruits (YOY) (Chapters 3-5, Fig. 7.2)
yielded the following: Spawning of rheophilic species, that release their
eggs in the floodplain, was found to coincide with the flood. In contrast,
the timing of spawning by eurytopic and limnophilic species was unrelated
to flooding (Chapter 3). This confirms a strong species-specific response to
flood dynamics, depending on life-history characteristics (King, Humphries
& Lake, 2003). In addition, in the Volga-Akhtuba floodplain the main river
channels (Volga, Akhtuba) act as a source of water for the floodplain, but
not of spawning fish.

171



Chapter 7

I 1
—  GEO-MORPHOLOGY || FLOOD | | TEMPERATURE —————
S AN pZi|

Hypoxia
Desiccation

Productivity -
Food
availability

R e e i

:
l./. | Spawning

I

Figure 7.2 Simplified conceptual model of factors driving fish recruitment in large temperate
floodplains within a growing season (“+' and *' indicate possible positive and nega-
tive effects).
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Larvae recruitment corroborates the FPC in terms of the potential impor-
tance of the high productivity of flooded terrestrial habitats. Even though
during flooding larvae of most fish species were dwelling in the shoreline
regions of permanent water bodies (Chapter 4), they may still potentially
benefit from the extra food production in shallow areas. A substantial part
of the production of food organisms in the flooded terrestrial habitats will
be conveyed towards the main water bodies with the retreating water after
the flood pulse has peaked and subsequently become available for fish fry.

The survival and growth of fish larvae results in Young of the Year (YOY,
0%) recruitment at the end of the growing season. In agreement with the
FPC, YOY recruitment appeared to be primarily controlled by spring tem-
perature and its match with flooding (Chapter 5), as shown by significantly
higher YOY fish abundance in areas with extensive flooding, compared to
those areas where flooding was less widespread. However, fish recruitment
was also related to long-term characteristics of the water bodies within the
floodplain e.g. water body size and macrophyte cover.

The diverse hydro-geomorphology of the Volga-Akhtuba floodplain, on
a long time scale driven by the flood pulse, creates suitable habitats for
a range of fish guilds (rheophilic, eurytopic and limnophilic) resulting in
high diversity and biocomplexity of the floodplain, as predicted by the FPC
(Chapter 6). On a smaller time scale the diverse hydro-geomorphology of
the floodplain also buffers the ecological effects of year-to-year differences
in the magnitude of the annual flood events.
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7.2 Methodological considerations

This study offers substantial insight into the ecology of early life stages of
fish in large river floodplain systems (order 10" — 102 km width and length).
Yet, the available data are insufficient to fully explore mechanisms driving
fish diversity and production in temperate floodplain systems.

Theindication that the spawning stocks mainly originate from water bodies
within the floodplain rather than from the main river channel (Chapter 3)
imply that the fringes of the large-scale Volga floodplains may be enough
to fulfil spawning habitat requirements for fish dwelling in the main chan-
nel, similar to backwaters and oxbow lakes which act as spawning habitats
for riverine species in smaller river systems (Grift et al., 2003; Hohausova,
Copp & Jankovsky, 2003). Consequently, the spatial scale of the floodplain
system plays an important role in its functioning. Fish populations in small
or altered floodplains will depend to a larger extent on the main channel
as spawning stock source (Grift et al., 2001), while sources of fish may exist
within large floodplains. In the latter case, the flood pulse connections
between channel and habitats occur ‘nested’ within the large floodplain.
Thus, the fish population dynamics within the large Volga-Akhtuba flood-
plain could be considered as ‘separate’ from the main channel, controlled
by the flood pulse connections between the floodplain channels, lakes and
terrestrial habitats. However, additional studies in large temperate flood-
plains are needed to determine whether this is a general principle. More-
over, the spatial scale of fish movements between different floodplain wa-
ter bodies needs additional quantification.

We proposed that the significantly higher abundances of fish larvae along
permanent water body shorelines compared to extensive flooded terrestri-
al habitats are the result of a trade-off between food availability and morta-
lity risk due to e.g. hypoxia, desiccation and predation (Chapter 4). Despite
the fact that we did not have data on food densities and predation risks,
these conclusions are supported by other studies (Brown & Colgan, 1982;
Gehrke, 1991; Paller, 1987). Yet, additional field sampling to quantify food
availability and mortality risks associated by utilising the flooded areas is
needed to confirm or falsify the proposed mechanism.

This study also supports previous hypotheses (King et al., 2003; Trifonova,
1982) that flooding and its coupling with temperature is important for dri-
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ving recruitment success of floodplain fish (Chapter 5). These conclusions
are based on data from the relatively short time-span of three annual spaw-
ning seasons. Three years of data is more than many studies provide (King
et al, 2003; Zeug & Winemiller, 2008), but still, given the complexity of fish
recruitment, these patterns should ideally be tested across longer time-
scales.

Spatial heterogeneity of hydro-geomorphic characteristics of floodplain
water bodies and the hydrological connectivity have significant effects on
the distribution and abundance of most frequently occurring fish species.
However, the number of water bodies we used for the analysis (43) was
small, therefore these conclusions have to be considered with caution and
should be verified when more data becomes available. In addition, to ad-
dress distribution patterns of rare species, a more intensive sampling ef-
fort is needed. The distribution patterns of these species may indeed be
more influenced by year-to-year variations in flooding and by other envi-
ronmental factors. In this study, we only used a limited number of hydro-
geomorphic variables. As a consequence, we did not account for all aspects
of connectivity (i.e. water body permanency, distance to main channel, flow
velocity). Distance to main channel and flow velocity could give additional
explanations to the patterns observed in fish distribution. We also did not
take into account water quality parameters. However, environmental varia-
bles such as temperature, dissolved oxygen concentration, pH and conduc-
tivity proved to be less important factors for structuring the distribution of
fish communities in floodplain systems (Araujo, Pinto & Teixeira, 2009).

7.3 Flood dynamics and fish recruitment

This study confirms that flooding coupled with suitable temperatures can
be essential for spawning, nursery and resulting recruitment of fish species
that use the floodplain (Chapters 3-5), as hypothesized in the FPC (Junk,
Bayley & Sparks, 1989).

Inter-annual variability of floods and ambient temperature in the Volga-
Akhtuba floodplain is substantial (Fig. 7.3). The match between species-
specific environmental requirements for spawning and growing with the
environmental conditions occurring during a specific year in terms of ti-
ming, duration and height of the flood pulse and water temperature, results
in ‘opportunity windows’ which are suitable for the spawning or growth of
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young fish of a particular species. Since different fish species in the flood-
plain have different life-history strategies this will result in complex and
diverse recruitment responses (King et al., 2003; Zeug & Winemiller, 2008).
In the following | will use this concept of opportunity windows to further
explore and discuss the potential for fish recruitment, depending on flood-
plain topography, flood pulse magnitude and other environmental factors.
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Figure 7.3 Seasonal dynamics of mean, maximum and minimum discharge and air tempera-
ture during 1997-2006.

The majority of fish species inhabiting the Volga-Akhtuba floodplain such
as roach Rutilus rutilus, common bream Abramis brama, perch Perca fluvia-
tilis and pike Esox lucius spawn once per year (Chapter 5, Table 5.1). Spaw-
ning is more or less synchronized, because these species are dependent on
opportunity windows in which suitable spawning temperatures become
available in suitable floodplain habitats (Goérski et al., 2010). As emphasized
by the FPC (Junk et al., 1989), flooding coupled with suitable temperatu-
res can be essential for growth and recruitment of these species because
spring and summer are associated with high food production for larval fish
in the floodplain. A decoupling of flooding and suitable temperatures (i.e.
mismatch) will result in poor recruitment because of the limited availability
of spawning and nursery areas, or because of a reduction in food producti-
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on. More opportunistic species, with multiple spawning events throughout
spring and summer, such as gibel carp Carassius gibelio, sunbleak Leucas-
pius delineatus, and ruffe Gymnocephalus cernuus, might be less dependent
on such spawning opportunity windows. They may also recruit successfully
when suitable spawning temperatures and flooding are decoupled, and
then might have a selective advantage over one-time spawners. However,
also these species will depend on the growing opportunity window for YOY
recruits and benefit from high food production when flooding is coupled
with warm temperatures.

Next to flooding coupled with suitable temperatures, flood magnitude,
flood duration, inter-annual predictability of floods, and the rate of change
in the water level, appear to be the main aspects of flooding that can influ-
ence the opportunity windows for spawning and growing.

First, flood magnitude controls the extent of the inundated area and there-
fore the availability of temporarily flooded habitats (Fig. 7.4A, B). These ha-
bitats are associated with high productivity (Herwig et al., 2004) and hence
floodplain productivity will increase when larger parts of terrestrial areas
are flooded, resulting in a strong positive impact on recruitment (Wilzbach
etal., 2002).n systems such as the Volga-Akhtuba floodplain where ground-
water influence is small for most of the water bodies (Sheppel, 1986), flood
magnitude also controls the water levels of water bodies during summer.
Floods of low magnitude, such as the one in 2006, caused drying of some
of the more isolated water bodies (Fig. 7.5) and favoured hypoxia-tolerant
species (such as gibel carp). Recruitment of this species may be driven by
environmental instability such as hypoxia (Bajer & Sorensen, 2010). Further-
more, drying out also consolidates sediments and favours aquatic macrop-
hyte dominance in the subsequent year (Van Geest et al., 2005) creating a
more suitable habitat for macrophyte-associated species such as rudd Scar-
dinius erythrophthalmus and tench Tinca tinca.

Secondly, flood duration controls the strength of biotic responses to floo-
ding (Poff et al., 1997). Longer flood durations will increase the probability
of the co-occurrence of flooding and suitable temperatures for spawning
and growth and thus extend the duration of the opportunity windows
(Chapter 5, Fig. 5.2). However, very long duration may create areas of poor
water quality (low oxygen levels) in the floodplain and can again reduce
fish recruitment (Gehrke, 1991; Junk et al., 1989).
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Figure 7.4A Flooded terrestrial habitats of the Volga-Akhtuba floodplain — grasslands
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Figure 7.4B Flooded terrestrial habitats of the Volga-Akhtuba floodplain - forested habitats
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Figure 7.5 Dried water bodies after low flood in 2006
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Thirdly, the predictability of annual floods favours the development of
morphological, behavioural, and physiological adaptations of aquatic orga-
nisms to flooding (Bayley, 1991; Junk et al., 1989) and therefore it is essential
for successful fish recruitment. Floods in the Volga-Akhtuba floodplain are
relatively predictable since they result from snowmelt in the upper catch-
ment and are controlled by the Volga cascade management, whereas heavy
rains causing smaller flood pulses are absent due to the reservoir regulation
and dry local climatic conditions (Averina et al., 2000). Consequently, spe-
cies that are adapted to flooding, i.e. adjusted to large scale temporal and
spatial variability, have the most successful recruitment in this floodplain.
Such species are usually large sized, long lived, and spawning once per year
(having periodic life history traits sensu Winemiller (1989)). Common bream,
roach and pike seemed to have better recruitment in areas with larger flood
extent (Chapter 5). However, more opportunistic species may have a se-
lective advantage when floods become less predictable as a result of, for
example, Volga cascade management changes (Chapter 2). We observed
much higher abundances of the more opportunistic, batch-spawning gibel
carp in 2006 (extremely low flood, compared to average after Volgograd
dam construction).

Fourthly, the rate of rise and fall of the water level will influence the
range and strength of biotic responses to flooding. A slow or moderate rise
and fall in water level is likely to improve recruitment, since young fish be-
nefit from the habitat availability as the slowly retreating water will pro-
vide a source of food from highly productive flooded grasslands (Junk et al.,
1989). Sudden changes in the water level may result in fish displacement
downstream (Nunn et al., 2003), and in fish stranding. These processes ap-
pear not to play an important role in large scale floodplain systems such
as the Volga-Akhtuba floodplain, because flow velocities over the inunda-
ted floodplain are reduced due to its complex geomorphology. Only in the
main floodplain channels, flow velocities in the order of 0.2 - 0.8 m/s were
observed. In smaller scale floodplains and possibly along the margins of
large scale floodplains these processes may play a more important role.

The coupling of a sufficiently high temperature with the availability of in-
undated habitats creates opportunity windows which are essential for fish
recruitment in floodplains. However, this relationship between flood pulse,
temperature and fish recruitment may differ between rivers. As classified by
Winemiller (2004), rivers display at least three general patterns in relation to
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flow and temperature dynamics: 1) temperate with aseasonal flood pulses,
2) temperate with seasonal flood pulses and 3) tropical with seasonal flood
pulses. The relationships between flooding and fish spawning and recruit-
ment are probably most tight in seasonal systems. The flood pulses in the
lower Volga show a cyclic pattern of high spring flows related to the mel-
ting of snow (Chapter 2), providing a relatively predictable flow and tempe-
rature regime to which fish may respond adaptively (Resh et al., 1994).

Fish recruitment analyses within this study concentrated on the spring flood
period. However, conditions operating outside this period may also play
an important role in fish recruitment. We did not have quantitative data
on possible factors influencing YOY recruitment after water retreat during
summer. We only measured the result of these processes and expressed
them as abundance of YOY at the end of growing season (Chapter 5). Ne-
vertheless, initial spawning conditions need to be favourable to enable suc-
cessful recruitment in the first place and the concept that both flooding and
temperature can have a positive effect on both spawning and recruitment
is already well documented (Winemiller, 2004). Of course, extreme summer
conditions, both abiotic (such as anoxia and desiccation) and biotic (com-
petition and predation) may influence, and in extreme circumstances even
obscure, the effect of successful spawning. It is however more likely that
successful or unsuccessful spawning is enforced by subsequent higher or
lower temperatures. For instance, the relatively cold summer in 2008 may
have additionally reduced recruitment in that year, because of decreased
productivity of food organisms (Chapter 5).

7.4 Winter mortality

In addition to spring and summer temperatures and flood pulse dynamics,
winter mortality also has to be considered to understand fish recruitment
and the resulting fish communities in the Volga-Akhtuba floodplain. The
floodplain lies in the continental climatic zone (Averina et al., 2000), and is
exposed to severe winters with long periods of air temperatures below 0°C
(Fig. 7.3). Subsequently freezing of water bodies may result in massive fish
mortality. For instance, the severe winter of 2005/2006 caused extensive
fish mortality (Fig. 7.6), which in 2006 may have led to a lower predation
pressure on YOY, and thus a very abundant year-class, in spite of the rela-
tively small flood magnitude that spring (Chapter 5). A similar mechanism
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was also demonstrated for perch Perca fluviatilis and roach Rutilus rutilus in
eutrophic lakes in Finland (Ruuhijarvi et al., 2010). In lakes, winter fish-kills
can have cascading effects on the lower trophic levels, which in turn, may
lead to conspicuous changes in the fish community (Jeppesen et al., 1997).
For instance, if the majority of zooplanktivorous fish die during winter, the
abundance, body size and grazing pressure of zooplankton increase, po-
tentially resulting in a clear water phase in the next spring. In turn, clear
water favours visual predators such as perch and pike over benthivorous
fish, reducing sediment disturbance, maintaining the clear water phase and
facilitating macrophyte growth (Scheffer, 1998). In floodplain ecosystems,
seasonal flooding allows for the connection and exchange of fish stocks
during spring and as a consequence possibly diminishes these effects of
winter freezing. Winter hypoxia may also provide a selective advantage for
the recruitment of specific species such as common carp Cyprinus carpio, a
world-spread invasive species originating from the lower Volga region. In
shallow lakes in the Midwest of the USA this species could only recruit in
significant numbers when shallow spawning habitats suffered from severe
winter hypoxia. When common carp used these disturbed habitats, com-
petition with other species and predation on early life stages was reduced,
resulting in a more successful recruitment (Bajer & Sorensen, 2010).

Figure 7.6  Freezing mortality of fish in winter 2005/2006 in lake Bezchasnoye
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1.5 Flooding and floodplain: fish meta-commu-
nity dynamics

Meta-community dynamics can create spatial and temporal resilience of
floodplain fish communities. A meta-community consists of a network of
communities that are linked by the dispersal of potentially interacting spe-
cies (Holyoak, Leibold & Holt, 2005; Leibold et al., 2004). Meta-communities
can exist as spatially structured communities along environmental gra-
dients whose constituent species are linked by dispersal processes. Howe-
ver, the spatial location of the communities and their constituent species
can change through time (Holyoak et al., 2005; Leibold et al., 2004). Under-
standing the processes that sustain the network of constituent communi-
ties will add to our understanding of how fish diversity would be impacted
by fragmentation of habitats and loss of connectivity between communi-
ties.

The fish communities constituting the meta-community of the floodplain
ecosystem are spread along environmental gradients and are connected
by seasonal flooding. In the Volga-Akhtuba floodplain these environmental
gradients underlie patterns in fish communities (Chapter 6). The inter-annu-
al flood pulse variability may influence these gradients and, consequently,
the long term availability and quality of aquatic habitats and their associ-
ated fish species. For example, year-to-year variability of flood magnitude
may result in annual variations in the depth of water bodies and thus chan-
ge resource availability in the floodplain by controlling terrestrial inputs. It
will also alter the susceptibility of these water bodies to winter mortalities
or desiccation. This may cause local (and temporary) extinctions and favour
certain communities (in this case a hypoxia tolerant community, such as
reported in the Volga-Akhtuba floodplain in 2006, Chapters 5 and 6). Com-
munities may not re-establish in the same location after extinction and may
be replaced by a different community type. Subsequent flooding may then
result in homogenization of the meta-community, by allowing connection
and exchange of stocks. The main river channels as well as some floodplain
water bodies which are less prone to environmental changes may act as a
source for various species and therefore provide a mechanism facilitating
recruitment after local extinctions. In conclusion, the flood pulse seems
to have a governing role in structuring floodplain fish communities by on
one hand creating spatial habitat heterogeneity and, on the other hand,
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homogenizing the meta-community through connecting the communi-
ties during high water periods. Large-scale floodplain systems such as the
Volga-Akhtuba floodplain accommodate many ‘refugia’ for recolonisation;
therefore the resilience of the meta-community is maintained.

7.6 The possible effects of human-induced pres-
sures on fish recruitment in the floodplain

Worldwide, floodplains have been utilized by humans since the dawn of
civilisation (Junk & Wantzen, 2004; Tockner et al., 2010). River-floodplain
systems provide a wide array of ecosystem goods and services such as
supply of fresh water and food (agriculture and fisheries), but also recre-
ation, transport, water quality protection and wildlife habitat (Costanza et
al., 1997; Tockner et al., 2010). The extensive availability of resources and
services also makes floodplains highly attractive for human exploitation re-
sulting in the majority of floodplains being threatened by human activity
(Tockner et al., 2010; Tockner & Stanford, 2002).

Like many floodplains in the world, the Volga-Akhtuba floodplain is ex-
posed to multiple human-induced alterations (Fig. 7.7) either directly, such
as damming, water extraction, land-use change and fishing, or indirectly
through possible climate change. These alterations affect floodplain geo-
morphology, change the dynamics of the flood pulse or affect fish stocks by
legal and illegal fisheries. These may all impact the ecological functioning
of the floodplain and hence fish recruitment.

Spawning
habitats

Channelization / Human induced fires ‘

Embankments

GEO-
MORPHOLOGY

Land use change
(upstream water
withdrawal,
irrigation)

Fishery / Poaching ‘
Nursery
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1
YOY
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Growth

Non-native species ‘

Climate change

¥ Wintering
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Land use change
(within the floodplain)

Figure 7.7 Schematic overview of human activities affecting floodplain functioning and fish
recruitment
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One of the major alterations is the construction of the cascade of reservoirs
in the upper Volga. These reservoirs reduced the magnitude and duration
of spring flood pulses and altered their timing (Chapter 2). The shorter flood
durations could be associated with a de-coupling of flooding and suitable
temperatures for spawning and growth of young fish, which might reduce
fish recruitment. Moreover, human settlement within the floodplain and
use of the floodplain grasslands for cattle grazing and hay production in-
creased (Fig. 7.8). Many kilometres of dikes were constructed in the Western
floodplain to protect settlements and agricultural lands from flooding, sub-
stantially reducing flooded habitats for fish.

Figure 7.8 Grasslands used for hay production in the Volga-Akhtuba floodplain

Commercial fisheries (with catches in the water bodies of the Western
floodplain making up to 97 and 180 tons in respectively 1999 and 2001 (un-
published data from Leninsk Fisheries Inspection; fishing companies also
operate in other years, but no further data is available), sport fishing (Fig.
7.9) and poaching (Fig. 7.10) may impact spawning stocks.

Due to an increased human presence in the floodplain in recent years, the
Volga-Akhtuba floodplain has been exposed to frequent human-induced
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Figure 7.10 Examples of various poaching techniques used in the lower Volga; ‘Barrel’ used to
catch fish at the shorelines of shallow lakes; large hooks used for sturgeons; Small
pieces of gillnets deployed on a rope and lifted when entangled fish are visually de-
tected (‘TV nets’)

186



General discussion

fires. For example, in 2006 and 2007 substantial areas of the floodplain wit-
hin the Nature Park were locally burned (Fig. 7.11; the Nature Park ‘Volga-
Akhtuba Floodplain’). When such large areas are exposed to fire, the avai-
lability of structural habitat elements, such as tree trunks, and large plant
stems will be severely reduced, which may affect habitat suitability for fish
spawning and fish nurseries. Burning may also affect water quality, for in-
stance increase the availability of nutrients, dissolve inorganic carbon and
alter the pH (Battle & Golladay, 2009). As a result productivity and food
availability for (aquatic) consumers might be increased, as was shown for
wildfires (Dunham et al., 2007; Koetsier, Tuckett & White, 2007). The effects
of fires on aquatic ecosystems are variable and depend on the severity of
the fires, but severe fires may have long-lasting effects on the functioning
of wetland ecosystems (Koetsier et al., 2007; Malison & Baxter, 2010).

In addition to the effects of habitat alteration, native fish populations are
also affected by the introduction of non-native species such as gibel carp
which can reach high abundances (Chapter 2). Early maturation, high fe-
cundity and batch spawning are life-history traits making gibel carp very
successful in the variable floodplain environment, especially during extre-
me conditions. Due to its hypoxia tolerance (Lushchak et al., 2001; Roes-
ner et al., 2008), it can take advantage of habitats avoided by other species
(Chapter 4 and 5).

The aforementioned direct alterations of the floodplain may be superim-
posed on the potential increase in atmospheric temperatures and changes
in the water cycle because of climate change (Stocker & Raible, 2005). Higher
air temperatures will likely lead to earlier snowmelt and to a lower propor-
tion of precipitation falling as snow (Barnett, Adam & Lettenmaier, 2005). In
watersheds which are mainly fed by snowmelt, such as the Volga River, this
can lead to elevated winter peak flows and decreased spring flows (Barnett
etal., 2005; Stewart, Cayan & Dettinger, 2004). Various effects of these chan-
ges for fish recruitment in the floodplain can be hypothesized. Reduced
flooding will likely decrease the amount of available fish spawning and nur-
sery habitats and lead to higher probabilities of low water levels. This will
lead, in turn, to an increased probability of hypoxia and desiccation of wa-
ter bodies, which may favour hypoxia-tolerant species such as non-native
gibel carp. A reduced magnitude and duration as well as a shifted timing of
floods may decrease the probability to co-occur with temperatures suitable
for spawning and YOY growth and thus reduce the duration of opportunity

187



Chapter 7

Local burning in the Volga-Akhtuba floodplain
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Figure 7.11 Burned floodplain area (top) and map showing the extent of local burning in the
floodplain in 2006 and 2007
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windows for fish recruitment (Chapter 5). However, the atmospheric tem-
peratures are predicted to increase too, which will also affect the timing of
spawning and the duration of opportunity windows. Earlier flooding might
favour species that spawn in lower temperatures. Or perhaps more unpre-
dictable flooding will favour more opportunistic species spawning multiple
times within a year. How this will affect food availability for young fish and
growing opportunity windows still remains an open question.

Furthermore, increased human population growth may lead to increased
water withdrawal for human uses (Vorosmarty et al., 2000). This may be ac-
celerated by the current fast economic growth of the Russian Federation.
Anincreased water withdrawal will further reduce the amount of water that
is available for spring inundation of the floodplain.

7.7 Implications for floodplain management and
restoration

This study confirms that the integrity of the annual flood pulses is very im-
portant for fish recruitment in the floodplain systems. Consequently, it im-
plies that it is crucial to preserve the flood pulse because it permits high
connectivity and habitat diversity, and as a result of this, high floodplain
productivity and diversity.

Attempts to preserve and restore floodplain ecosystems are underway
worldwide. Examples are the Danube River, Rhine River (Europe), Kissim-
mee River (North America), and the Murray River (Australia) (Bernhardt et
al., 2005; Hein et al., 1999; Jensen, 2002; Nienhuis et al., 2002). However, to
improve the success of these attempts, an understanding of the relation-
ship between fish recruitment and the physical environment of the flood-
plain is important. Multiple human-induced impacts work in concert to
alter diversity and productivity of floodplains. Hence, these factors need
to be considered simultaneously when developing management concepts.
Future management strategies should carefully take the dependence of
fish recruitment on the flood pulse into consideration. Moreover, manage-
ment goals of floodplain ecosystems are complex and often conflicting. This
study suggests that a crucial factor for preserving fish recruitment success
is the maintenance of spatio-temporal opportunity windows for spawning
and growth of fish species. Even under changing environmental and social
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circumstances such opportunity windows should be preserved to save fish
recruitment and diversity in the floodplain. Careful discharge management,
aiming at a prolonged flood pulse and increasing the probability of the co-
occurrence of habitat availability and suitable temperatures is essential to
optimize the benefits for fish production and fisheries in the floodplain (Op-
perman et al., 2009). The Volga-Akhtuba floodplain appears to be a nested
system with diverse functional units with various flood pulses from flood-
plain channels to lakes, resulting in diverse habitats. The diversity of these
units, which is essential for fish diversity and resilience of the floodplain,
needs to be preserved in order to maintain full ecological functioning of the
floodplain. Post-damming changes in floodplain geomorphology (Chapter
2) may require additional management actions to preserve floodplain di-
versity and productivity.

7.8 Future perspectives

This study addresses some of the knowledge gaps regarding the various
factors that govern fish recruitment in large river floodplains. However,
more knowledge needs to be acquired to achieve a comprehensible under-
standing of the complex floodplain processes controlling the productivity
and diversity of these systems.

In recent years, advanced models to simulate 2D hydraulics of water flow
over floodplains became available (Horritt & Bates, 2002). Until now, they
have been mainly applied to assess flood damage or to study overbank
deposition. It would be very interesting to apply these hydraulic models
also to quantitatively predict responses of various ecological processes and
floodplain fish recruitment to different flooding scenarios. Such models
may be useful to indicate possible responses of fish recruitment, and other
ecological processes operating within the floodplain ecosystem, to various
environmental (such as climate change) and management scenarios. Mo-
delling various scenarios may help to elucidate how sensitive the different
habitat types are to environmental changes, which may help in making bet-
ter management decisions.

This study indicates the complex structure of large-scale floodplain sys-

tems. Various functional units nested within the Volga-Akhtuba floodplain
system experience different flood pulse variation. The diversity of these
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units is essential for the distribution and abundance of fish species (Chapter
6) and the resilience of the floodplain to extremes. However, the processes
which control the functional linkages between these floodplain units need
more quantification. For example, the scale and frequency of occurrence of
within-floodplain fish movements for spawning or dispersal; or the trans-
portation of nutrients and food organisms between functional units; or the
dynamics of naturally (by flood duration) or human-induced (by burning)
water quality alterations.

The quantification of the processes that control fish meta-populations
that inhabit floodplains is challenging, but deserves further research. For
example, what is the significance of different habitat patches for popula-
tions of the various fish species that constitute the floodplain meta-com-
munity and dispersal of fish along different spatial and temporal scales?
This may help to understand the impact of reduced habitat complexity and
connectivity (due to human impact) on the ecological integrity of flood-
plain systems. Novel genetic and chemical (such as otolith microchemistry)
methods may help to unravel some of these processes (Woods et al., 2010;
Zeigler & Whitledge, 2010).

Finally, comprehensive floodplain knowledge enables the development of
sustainable management strategies. The number of stakeholders involved
with floodplains is high which potentially leads to more conflicts such as
an increased water demand for domestic use, agriculture and hydropower.
At the same time, floodplains contain unique nature values that deserve
conservation or rehabilitation. Finding a balance between these conflicting
needs and pressures are great challenges for the future management of
floodplain ecosystems. Therefore the development of suitable decision ma-
king and communication tools needs to be addressed (Poff et al., 2003).
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8.1 Summary

Natural river floodplains are among the most diverse and productive eco-
systems on Earth. Fisheries in large rivers and their associated floodplains
provide a major source of food, employment and income which is crucial to
sustain the livelihoods of multitudes of people. In addition, floodplains play
a role in retaining water, mitigating floods, and breaking down pollutants.
Periodic flooding (flood pulse) plays a principal role in the ecological pro-
cesses in floodplain systems. Natural variations in the magnitude, duration
and timing of the flood pulse drive high habitat complexity, which in turn
results in high biodiversity and productivity.

Recruitment is a crucial component of population dynamics. It plays an es-
sential role in the life history of fish, because the survival of juveniles largely
determines the size of adult populations. Floodplains play a key-role in the
life cycle of many fish species, especially in relation to recruitment. There-
fore fish faunas of large rivers are highly adapted to the natural hydrological
regime, i.e. the timing and duration of floodplain inundation.

The Flood Pulse Concept (FPC) is the main transversal concept in large river
ecology, proposing mechanisms governing the functioning of floodplains
and their role for river ecosystems. The FPC states that temporary flooding
of the aquatic-terrestrial transition zones bordering the rivers (the flood
pulse) is the main determinant of floodplain habitat heterogeneity, plant
and animal recruitment, as well as ecosystem productivity. However, little
progress has been made in exploring the FPC over larger spatial scales due
to the lack of empirical data. To make rational decisions about the quality
and extent of river rehabilitation in relation to fish biodiversity and produc-
tion, it is essential to understand the ecological functioning of floodplains
and the relationship between fish recruitment and the characteristics of the
flood pulse.

The objective of this thesis was to reveal mechanisms governing fish recruit-
ment in a large-scale temperate floodplain in relation to flooding and tem-
perature dynamics, and thus provide a generic understanding of the rela-
tion between the flood pulse and fish recruitment dynamics in floodplains.
The study aimed at testing the FPC in a large-scale semi-natural floodplain
by (1) analyzing flood pulse dynamics in response to changes in river flow
regime at various spatial and temporal scales; (2) relating these dynamics
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to recruitment success of riverine fish species that use the floodplain and
(3) identifying the hydro-geomorphic variables that are most involved in
shaping abundance and distribution of fish in the floodplain.

The central hypothesis of the study was that: ‘The characteristics of the
flow regime (‘the flood pulse’) determine the recruitment of fish popu-
lations that use the floodplains. Thus, there is a quantitative and causal
relationship between flood pulse characteristics and fish recruitment.’

The study was executed in the Volga-Akhtuba floodplain (lower Volga, Rus-
sian Federation), one of the few remaining naturally functioning, large-sca-
le floodplains (it is 10-30 km wide, extends over a length of 300 km and
accommodates thousands of lakes and residual floodplain channels) in the
temperate zone. The study constitutes of five interrelated parts (Chapters
2-6).

In Chapter 2, the characteristics of the annual flood pulse of the lower Volga
and its effect on the commercial fish catches in the area are analyzed. The
results of these analyses demonstrate that the flood pulse magnitude in the
Volga-Akhtuba floodplain has noticeably decreased due to construction of
the Volgograd Reservoir, directly upstream of the floodplain, in 1960. Still,
in spite of this hydrological control, considerable year-to-year variation in
flood magnitude and timing has remained. Flood control is geared to main-
tain and regulate hydropower production and improve navigation, but
fisheries benefits are also considered. As a result, discharge management
still provides significant spring flooding. This yearly flooding preserves the
eco-hydrological functioning of the floodplain and fish populations in the
Volga-Akhtuba floodplain can still depend on annual variations in the year-
to-year flow regime. In addition, a strong correlation was found between
commercial fish catch in the floodplain and year to year variations in flood
magnitude.

In Chapter 3, the role of the flood pulse on the spawning of fishes in the
floodplain is evaluated. We found that only the spawning of rheophilic spe-
cies, that released their eggs in the floodplain, coincided with the flood.
In contrast, the timing of spawning by eurytopic and limnophilic species
was unrelated to flooding. In addition, the populations of resident fish were
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shown to be the main source of the spawning stocks in the Volga-Akhtuba
floodplain. The main river channels act as the main source of water for the
floodplain, but not of spawning fish. Instead, the majority of the spawning
stocks originate from the floodplain water bodies. The main river channels,
however, possibly act as a source for re-colonisation of fish when extreme
environmental conditions, such as freezing or desiccation cause extinctions
of local populations.

In Chapter 4, the habitat use of fish larvae in relation to the flooding is
examined. In the Volga-Akhtuba floodplain during the flood, larvae of most
fish species were dwelling in the shoreline regions of permanent water bo-
dies and hardly used flooded terrestrial habitats. Possibly as a result from
a trade-off between food availability and mortality risk due to desiccation,
hypoxia and predation, which are supposed to be higher in the flooded
areas. Flooded terrestrial habitats produce food organisms that are convey-
ed with the flood water back towards the main water bodies when water
levels retreat after the flood pulse and can then be utilized by fish fry. Thus,
the flooded areas appear to function more as an indirect food source for
fish larvae than a direct nursery.

In Chapter 5, the effects of the extent, timing and duration of flooding and
temperature variability on the recruitment success of young fish (YOY) at
the end of the growing season are reported. This recruitment appeared to
be primarily controlled by spring temperature and its coupling with floo-
ding. Floodplain areas with a large extent and longer duration of flooding
accommodated significantly higher densities of young fish, especially spe-
cies characterized by periodic life history traits (large body size, delayed
maturation, high fecundity and low parental investment) such as pike Esox
lucius, roach Rutilus rutilus and ide Leuciscus idus. This confirmed that ex-
tended inundation improves the recruitment of fish in the floodplain. Gibel
carp Carassius gibelio, a species tolerant to high temperatures and hypoxia,
did especially well in small water bodies in the driest parts of the floodplain.
In addition, fish recruitment of some species was also related to long-term
characteristics of the water bodies within the floodplain e.g. water body
size (bleak Alburnus alburnus) and macrophyte cover (rudd Scardinius ery-
throphthalmus).

In Chapter 6, the effects of flood variability and geomorphology of flood-
plain water bodies on fish abundance and distribution are analyzed. It was
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found that the Volga-Akhtuba floodplain accommodated relatively stable
fish communities, associated with different parts of the floodplain, despite
of its great dynamics. We found that species distributions were strongly as-
sociated with large scale hydro-geomorphology of the floodplain, whereas
abundance was strongly influenced by both local geomorphology of water
bodies and inter-annual flood variability.

In conclusion, this study confirms that the integrity of the annual flood
pulses is very important for fish recruitment in the temperate floodplain
systems. The match between species-specific environmental requirements
for spawning and growing with the environmental conditions occurring
during a specific year in terms of timing, duration and height of the flood
pulse and water temperature, results in ‘opportunity windows’ which are
suitable for the spawning or growth of young fish of a particular species.
Consequently, a crucial factor for fish recruitment in floodplain systems is
the maintenance of these spatio-temporal opportunity windows for spaw-
ning and growth of fish. Even under changing environmental and social
circumstances such opportunity windows should be preserved to maintain
fish recruitment and diversity in large floodplains.
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8.2 AHHOTAUuA

HeHapyLleHHble MONMbI PEK OTHOCATCA K Hambonee pasHOOOpasHbIM ©
NPOAYKTUBHbIM 3KOCUCTEMAM Ha 3eme. PbI60NOBCTBO Ha KPYMHbIX peKax
N B CBA3AHHbIX C HUMM MOMMax SABNAETCA Ba*KHbIM MCTOYHUKOM nmwn,
3aHATOCTM HaceneHVa M AOXOAa, UTO ABMSETCA KoueBbiM (aKToOpoM
B YCTOMYMBOCTU KWU3HW ANIA MHOXeCTBa niogeil. Kpome Toro, novimbl
AKKYMYJIMPYIOT BOA4Y, UrPatoT pPoJsib B CHMXEHUW Yrpo3bl 3aTONNIEHUNA BO
BPEMSA MOSIOBOAbA U OUMLLAIOT 3arpsA3HeHus. MNeprognyeckoe 3aTonneHne
(flood pulse) wrpaeT Befywyl ponb B 3KOMOrMUECKUX MpoLeccax,
npoTtekawwmx B MOMMEHHbIX cuctemax. EctecTBeHHble u3MeHeHuMA B
amMnAnNTyae, NPOLOSIKMTENBHOCTU U BPEMEHMW HaCTYMNEHUA MONOBOAbBS
BIEKYT 3a cO60I pa3HOOOpasme MecToobUTaHuii, YTo, B CBOI ouepepb,
006YyCNOBNMBAET BbICOKME G1OPa3HO06pasne 1 NPOLYKTUBHOCTb.

MononHeHue ABnAeTCAPELAOWMM KOMMNOHEHTOM ANHAMUKA NONYNALUIA.
OHO 1rpaeT CyWecTBEHHYIO POJlb B UCTOPUUN KU3HWU Pblb, MOCKOMbKY
BbIXKMBAHNE MOJIOAN BO MHOFOM OMpPEAENeTcs KOMNYECTBOM B3POCIIbIX
ocobert B nonynaunun. Mombl UrpatoT KNIOYEBYIO POJIb B XKU3HEHHbIX LIKaX
MHOMMX BULOB Pbl6, 0COHEHHO MO OTHOLLEHMIO K BOCMPON3BOACTBY. [1o3ToMy
nxtnodayHa OONbLIMX PeK BbICOKO afanTUpOBaHa K eCcTeCTBEHHOMY
rMApPOSIOrMYECcKOMYy PeXKMY, TO eCTb BPeMeHU U MPOLOIKUTENBHOCTA
3aTonsieHNA NONMblI.

KoHuenuuna nynbca nonosoguin - The Flood Pulse Concept (FPC) - ectb
rnaBHaA BCeoObEMSTIOLWAA KOHLEMLMA B SKOMOMUUN KPYMHBIX PEK, B paMKax
KOTOPOW NpeasioxeHbl MexaHV3Mbl ynpasnsolwme GyHKLUNOHMPOBaHUEM
Nnovm 1 ob6bACHEHa NX posib B 3KocucTeme pekun. FPC yctaHaBnuBaeT, uto
BPEMEHHOEe 3aTOMJIeEHNE BOAHO-HAa3eMHbIX NMEPEXOLHbIX 30H, FPaHNYaLLNX
¢ pekamu (the flood pulse), ectb rnaBHbI onpeaensiOWMA  paKTop
MHOroo6pasna NoMMeHHbIX MeCTOOOUTaHWUI, BOCNPON3BOACTBA PacTeHUNA
N XKMBOTHBIX , @ TaKXKe MPOAYKTUBHOCTU 3KocucTeMbl. OfHaKO HeJOCTaTOUYHO
NonHo BbiAicHeHa pabota FPC Ha 6onblwmnx npocTpaHCTBax W3-3a
HefgoCTaTKa SMNUPMYECKUX AaHHbIX. YTOObl NpPUHUMaTL paLvoHasibHble
peWeHns Mno MoBOZY KayecTBa M MacwTaba BOCCTAHOBJIEHUA PEKU
OTHOCUTENbHO 6ropasHo06pa3nA U NPOAYKTUBHOCTA Pblb, OUEHb Ba)KHO
NMOHMMaTb 3Konornyeckoe ¢GYHKUUOHWPOBAHME MONM K CBA3b MeXay
BOCNPOU3BOACTBOM PbIObl U XapaKTEPUCTUKAMI NMOSTOBOANIA.
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Lenb paHHOro AncCepTauMOHHOIO WCCAEAOBAaHWA 3aKlyaeTca B
BbISIBJIEHUN MEXaHU3MOB YMpPaBAAOWNX MOMOJIHEHNEM 3anacoB pbib
B MOMMe KPYMHOW pPeKN YMEPEeHHOro Knmmarta B CBA3U C AVMHAMUKOW
3aToNNeHNA 1 TeMnepaTypHOro pexmnma Boabl 1, Takum o6pasom, B obLem
MOHUMaHMW CBA3N MeXAY MNepPUOAMYHOCTbIO MOSIOBOAMIA U AMHAMUKON
BOCMPOU3BOACTBA pblbbl B nowmax. Lenblo wnccnepgoBaHusa  6bino
TecTMpoBaHuMe KoHuenuum FPC B nonyecteCTBEHHOM NONME KPYMHOW peKun
nyTem: (1) aHann3a AMHaAMUKM NEePUOAMYHOCTY NONIOBOAUN KaK pe3ynbraTa
N3MEHEHNA peXmma TeYeHUA peKn B PasfMUHbIX MPOCTPAHCTBEHHbIX
N BPEMEHHbIX MaclwTabax; (2) yBA3KM 3TOW AUHAMMUKNA C YCMELHOCTbIO
BOCMPOU3BOACTBA PEYHbIX BUAOB PblO, UCMONb3YIOLWMX NOUMY /1A HepecTa
1 (3) noeHTMdMKaLMKM rngpo-reomopPosiornyeckux nepeMeHHbIX, KOTopble
Hanbonee CyleCcTBEHHO BAMAIT Ha GOPMMPOBAHME YNCIIEHHOCTY PbIb 1
Ha ee pacnpefeneHve B nomme.

LleHTpanbHaa runotesa WCCEfOBAaHUA 3aK/OYAETCA B C/iefylouem:
«XapaKTepucTNKn pexnma TeuyeHun («<nepmognyHoOCT! NONOBOAUNIN»)
onpeaensAldT BOCMPOM3BOACTBO MOMNYAAUMIA Pbi6, NCNONb3YOLWMX
noimbl AnA Hepecta. Takum o6pa3om, CyllecTByeT KONnYeCcTBeHHas
N NPUYNHHO-CNEACTBEHHAA CBA3b MeXAY XapaKTepucTukamm
neproguyecKux nosioBogui N BOCNpPON3BOACTBOM PbiGbi»,

WNccneposaHne nposogunocb B Bonro-Axty6uHckow nowime (HuxHAA
Bonra, Poccuiickan Qefepauus), OGHOM 13 HEMHOMMX KPYMHOMACLUTAOHbIX
(pacnpocTtpaHaeTca Ha annHy 300 KM v winpuHy 10-30 KM) NONM yYMepeHHOro
KNn1maTa, COXPaHUBLLMXCA B eCTeCTBEHHOM cocToAHUN. PaboTta cocTonT u3
NATY B3aMMOCBA3aHHbIX YacTel (MnaBbl 2-6).

B rnaBe 2 aHanu3npyloTCA XapakTepUCTUKM €XKEFOAHbIX NepnoanyYecKnx
nosioBoannHaHWxHen Bonre nnxBnnsiHne HaKOMMePUYECKoe pbib0NOBCTBO.
Pe3ynbTaTtbl 3TOro aHanM3a NokasbIBatoT, UTO MacwwTab nonosoauii B Bonro-
AXTYO/MHCKON MONMe CYLeCTBEHHO COKPATWICA MOCHe COOpPYXeHUs B
1960 rogy Bonrorpagckoro sogoxpaHunuila Bbile MOWMbl MO TeYEHMUIO.
OpHaKko, HeCMOTpPA Ha perynnpoBaHme CTOKa, 3HaUUTeSIbHble MEXIrofoBble
KonebaHnA YpPOBHA W W3MEHEeHUs BPEMEHM HaCTYMNeHMA MOSIOBOAbA
COXpaHUNNCb. KOHTPOMb CTOKA HanpaB/eH Ha BbIPAabOTKY U peryinpoBaHme
JNEKTPO3HepPrMn un ynyuyleHne YCIOBUN HaBWUraumu, HO WHTepechl
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pbI6ONIOBCTBA TaKXe yuuTbiBaloTCcA. B mTore perynuposaHue pacxopos
yepes nnotuHy Bomkckon IC Bce eule obecneumBaeT cCylleCcTBEHHOE
3aTOMJ/IeEHNe TMOWMbI BO BpPEMA BeCeHHero nonosoabA. ExerogHble
NOJSIOBOAbA COXPAHAIOT 3KO-ruaponornyeckoe GyHKLMOHNPOBaHKE NONMbI
1 nonynAauum poi6 B Bonro-AxTybrHCKON NovmMe, Kak 1 paHblue, 3aBUCAT
OT MEXXFOAOBbIX BapuaLuii pexkrma cToka. Kpome Toro, 6bi1a 06Hapy»eHa
TeCHas CBA3b MeXay 06beMaMy KOMMepPUECKMX BbIFIOBOB U MEKrofOBbIX
V3MEHEHUN amnanuTyabl NOSI0BOANN.

TpeTbAa rnaBa nNocBsALleHa OLUEHKe BAMAHMA «Nyfnbca MNOJSIOBOAMI» Ha
HepecT pbl6 B norime. Mbl 06HapPYXWK, YTO HEPECT TONbKO PeoPUIbHbBIX
BMAOB, KOTOpble MeuyyT WKpPYy B MNOMMe, COBMafjaeT C MoJIOBOAbEM.
HaoboporT, BpemA HepecTa 3BPUTOMNHbIX U IMMHOGUIIbHBIX BUAOB He Obino
CBA3aHO C 3aTonyieHreM normbl. Kpome Toro, nonynauymm pbi6, NOCTOAHHO
XMBYLLUX B MOVIMe, COCTaBNAT 6OMNbLUYIO YacTb HepecToBbIX cTad B Bonro-
AxTybuHckon nonme. OCHOBHbIE PEKU U €PUKUN BbICTYNAKT UCTOYHMKAMU
8006l B MOWMME, HO HE MCTOUYHMKaMUN HepecTsalenca pbibbl. BonblMHCTBO
pbl6 BbIXOAUT Ha HEpeCT 13 BOAHbIX 06bEKTOB BHYTPW NONMbl. OCHOBHble
peKun, OfHAKO, MOTYT CNYKUTb UCTOYHUKAMW 3acefnieHns MONMbl pblbon
B CJlyyae HaCTyrJIeHWA >SKCTPeMarbHbIX YCIIOBUN cpefbl, TakuX Kak
npomMmep3aHne WAN nepecbixaHue, BREKyLMX 3a CObOWN CoKpalleHune
NOKanbHbIX NONYAALMIA.

B rnaBe 4 uccnegyetca 3acefieHne MeCcTOOOUTaHUIN MOWMbI JINYNHKAMM
pbl6 B 3aBUCUMOCTM OT MONOBOAbS W €ro Xapaktepuctuk. B Bonro-
AXTYOVHCKOW NovMe BO BpPeMs MOSIOBOAbSA JINYMHKM OO/IbLUMHCTBA BULOB
pbi6 Oepxatca y 6eperoB NOCMOAHHbIX BOAHbIX OOBEKTOB, HO He Ha
neproanYeckn 3aTaninBaembix MectoobrtaHusax. BepoatHo, 3To pesynbtaTt
Nnoncka paBHOBECUS MeEXAY AOCTYMHOCTBbIO MWLM W PUCKOM rnbenu ot
nepecbiXxaHUA, MNOKCUN N XMLLHNYECTBA, KOTOpble NpeanosnoKUTenbHO
Bbllle Ha 3aTanimMBaembix TeppuTopusax. lNepuoguueckn 3atannnBaemblie
TeppuTOpMN MNOCTaBAAIOT NULLY ANA MaJbKOB B OCHOBHble BOAOEMbI
Ha cnage nonosofbA. Takum 06pa3oMm, neprogmyeckn 3aTanavBaemble
TeppUTOPUY ABAAIOTCA KOCBEHHbBIM UCTOYHMKOM NMULLKN ANA NUYNHOK Pblb,
HO He OCHOBHOW CPefoii, B KOTOPOW NPONCXOAUT POCT Pbibbl.

B nAToM rnaBe onucbiBaeTcA BAUAHKE MacmTa6a, BpeMeHn HacTynneHnaA

n  nNpoaoIKUTENbHOCTA NONOBOAbA WM AWHAMUKKW  TeMNepaTtypHOro
peXnma BOAblI Ha ycnex BOCNPOM3BOACTBA CEroneTtok B KOHLE Ce30Ha.
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BbliAcHUNOCH, UTO 3TO BOCMPOM3BOACTBO B MNEPBYID Ouyepeab 3aBUCUT
OT BECEHHero TeMNEPATYPHOro pexrMa M B3aUMOCBA3W TemnepaTtypbl
BOAbl M 3aToOMjieHusi. Te palioHbl MOWMbI, B KOTOPbIX BOAbl BO BPEMS
nonosoabA 6onblie 1 3alepXKMBAETCA OHa [OJblle, COCPeaoTaunBatoT
3HaUUTENIbHO OoJbliee KOMMYEeCTBO MOJIOAM Ppbld, 0COBEHHO TeX BUOOB,
KOTOPblE XapaKTEPU3YIOTCS YETKO BbIPAaXKEHHbBIMU KM3HEHHBIMU LKIaMU
(6onblwre pa3mepbl Tena, NoO3fHee CO3peBaHKe, BbICOKasA MNOLOBUTOCTb
N HE3HAUUTENbHbIN POAUTENBCKUN YXO4 3a MOTOMCTBOM). K Hum
OTHOCATCA WyKa Esox lucius, nnotea Rutilus rutilus v a3b Leuciscus idus. 1o
noaTeepxaaet 10T GaKT, uto 6osbluee MO MacwTabam NonoBofbe yyyliaet
BOCMNPOU3BOACTBO pblbbl B Norime. CepebpaHbii Kapacb Carassius gibelio —
BWA, TOJIEPaHTHbIV K BbICOKMM TEMMEPATYpam 1 TMNOKCUKN, XOpoLo cebs
YyBCTBOBaN B HEGONbLINX BOJOEMAX MOWMbI B Haubonee 3acylunmBbix ee
yuyacTkax. Kpome TOro, BOCnpoun3BOACTBO HEKOTOPbIX BUAOB Pblb Obino
CBA3aHO C JONTOCPOYHbIMU XapaKTEPUCTUKAaMM BOAHbIX OO bEKTOB BHYTpH
MorMbl, Hanpumep, ¢ pa3mepom BogoemMa (yknewnka Alburnus alburnus) n
Hanuuve BbICLIE BOOHOWM pacTUTeNbHOCTU (KpacHonepka Scardinius ery-
throphthalmus)

B wecton rmaBe aHanM3MpyeTca BAWAHUE U3MEHUYMBOCTU 3aTOMJIEHUSA
NorMbl U reomopdonorMm NONMeHHbIX BOAOEMOB Ha YNCIIEHHOCTb Pblbbl 1
ee NPOCTPaHCTBEHHOE pa3melleHune. BbiacHeHo, 4To B Bonro-AxTy6uHCKom
nonme oOOWUTAlOT OTHOCUTENbHO  CTabusibHble coobuiectBa  pblo,
NPUYpPOYEHHbIE K Pa3fIMYHbIM yYacTKaM MOVMbl, HECMOTPA Ha 60onbLUyto
AVHAMMYHOCTb CucTeMbl. Mbl onpefenunu, 4to pacnpepeneHve BULOB
OblJI0 B 3HAYUTENBHOWM CTEMEHU CBA3AHO C KPYNMHOMACWTabHbIMU rngpo-
reomopdoorMyeckMmmn npoueccamn B noriMe, B To Bpemsa Kak obunve
pbi6bl B GONbLWION Mepe onpedensnocb Kak MUKpopenbedoM BOAHbIX
O0OBEKTOB, TaK U MEXIOAOBbIMY KONeGaHMAMN YPOBHA BOADI.

B 3aknioueHun, HacTosllee WUCC/IeloBaHUE  MOATBEPXKAAET, uTo
COXpPaHMBLLEECA MOCTOSHCTBO €XXErofHblX 3aTOM/IEHNN OUYEHb BaXKHO AJsi
BOCMPON3BOACTBA PblObl B MOWMEHHBIX CUCTEMAX YMEPEHHOro KuMMarTa.
CooTBeTcTBME MeXAy BUgoCneunduUHbIMU TPeGOBaHUAMN AJ1A HepecTa 1
pOCTa C YCJIOBUSAMU OKpY»KatoLLel cpefbl, BO3HMKAOLWMMM B ONpefesieHHble
roAbl Mo Hayany, NPOACIHKUTENBHOCTY, BbICOTE MaBOAKA W TeMnepaTypbl
BOObl BbIPAXAETCA B HAIMUMM «OKOH 6GNaronpuATCTBOBaHUA», KOTOpble
ABNAIOT COOOM COYeTaHUe MNOAXOAAWMX YCIOBMIA ANA HepecTa Wu
pocTa mMonoau pbl6 onpeaeneHHoro Buaa. CnefoBaTtesibHO, BaXKHENLIMM
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ycrioBMeM NS BOCNPOW3BOACTBA pPblbbl B  MOMMEHHbIX CUCTEMaXx
ABNAeTCcA obecneyeHne TaKMX MPOCTPAHCTBEHHO-BPEMEHHbIX OKOH
6naronpuATCTBOBaHUA ANs HepecTa 1 pocTa pblb. [laxke nog BO3aencTBuemM
N3MEHEHMA OKpY»Kalolen cpefbl U COUMANbHbIX YC/IOBUI TaKMe OKHa
6naronpuATCTBOBaHUA  00A3aTeNlbHO AOMKHbI OblTb COXpPaHeHbl AJis
obecneyeHnsa BOCNPON3BOCTBA PblObl 1 COXPaHEeHUA ee pa3Hoobpa3nAa B
noriMax KpymnHbIX peK.
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8.3 Samenvatting

Riviervloedvlaktes in hun natuurlijke staat behoren tot de meest diverse
en productiefste ecosystemen ter wereld. Visserij in grote rivieren en hun
vloedvlaktes levert voedsel, werkgelegenheid en inkomen op die cruciaal
zijn voor het levensonderhoud voor grote aantallen mensen. Bovendien
spelen vloedvlaktes een rol in het vasthouden van water, het verminderen
van extreme waterstanden en de afbraak van verontreinigingen. Periodieke
overstromingen (de zogenaamde overstromingspuls, beter bekend onder
de Engelse benaming ‘flood pulse’) spelen een belangrijke rol in ecologi-
sche processen van vloedvlaktesystemen. Natuurlijke variatie in de hoogte,
duur en timing van de overstromingspuls zorgt voor een grote habitatcom-
plexiteit, die op haar beurt resulteert in hoge biodiversiteit en productivi-
teit.

Rekrutering van jonge vis is een cruciaal onderdeel van populatiedynamica
van visbestanden. Het speelt een essentiéle rol in de levenscyclus van vis,
want de overleving van jonge vis bepaalt grotendeels de omvang van de
populaties volwassen vissen. Vloedvlaktes spelen een sleutelrol in de le-
venscyclus van vele vissoorten, vooral in relatie tot rekrutering. De visfauna
is daarom sterk aangepast aan het natuurlijke hydrologische regime, d.w.z.
aan de timing en duur van overstroming van de vloedvlakte.

Het Overstromingspulsconcept (‘Flood Pulse Concept’ -FPC - in het Engels)
is het belangrijkste transversale concept in de ecologie van grote rivieren.
Het FPC veronderstelt mechanismen die het functioneren van vloedvlaktes
en hun rol in rivierecosystemen bepalen. Het FPC stelt dat de tijdelijke over-
stroming van de aquatisch-terrestrische zone langs de randen van rivieren
(overstromingspuls) in belangrijke mate zowel de habitatheterogeniteit
van de vloedvlakte, de rekrutering van planten en dieren als de producti-
viteit van het ecosysteem bepaalt. Er is echter weinig voortgang geboekt
in het onderzoeken van het FPC door een gebrek aan empirische data. Om
rationele beslissingen te kunnen nemen over herstel van rivieren in relatie
tot biodiversiteit van vis en productie, is het essentieel om het ecologische
functioneren van vloedvlakten en de relatie tussen visrekrutering en de ka-
rakteristieken van de overstromingspuls te begrijpen.
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Het doel van dit proefschrift was om mechanismen bloot te leggen die de
visrekrutering in een grootschalige, gematigde vloedvlakte bepalen in rela-
tie tot overstromings- en temperatuurdynamiek. Dit zou tot een beter ge-
neriek begrip kunnen leiden van de relatie tussen de overstromingspuls en
de dynamiek van visrekrutering in vloedvlaktes. Dit onderzoek beoogde het
FPC te testen in een grootschalige vloedvlakte door (1) de overstromings-
dynamiek te relateren aan veranderingen in het afvoerregime van de Wolga
op verschillende ruimtelijke en tijdschalen, (2) de overstromingsdynamiek
te relateren aan het rekruteringssucces van riviervis die de vloedvlakte ge-
bruikt, (3) identificeren van de hydro-geomorfologische variabelen die be-
palend zijn voor de talrijkheid en verspreiding van vis in de vloedvlakte.

De centrale hypothese van dit onderzoek was dan ook: ‘De karakteristie-
ken van het afvoerregime (overstromingspuls) bepalen de rekrutering
van vispopulaties die de vloedvlakte gebruiken. Er is daardoor een
kwantitatief en oorzakelijk verband tussen de overstromingspuls-ka-
rakterisieken en de rekrutering van vis.

Dit onderzoek is uitgevoerd in de Wolga-Akhtuba vloedvlakte (Beneden-
Wolga, Russische Federatie), één van de weinige overgebleven natuurlijk
functionerende vloedvlaktes (10-30 bij 300 km groot en met duizenden
meertjes en strangen) in de gematigde zone. Het onderzoek bestaat uit vijf
onderling gerelateerde onderdelen (Hoofdstukken 2-6).

In Hoofdstuk 2 worden de karakteristieken van de jaarlijkse overstroming
(overstromingspuls) in de Beneden-Wolga en de effecten hiervan op de
commerciéle visvangsten in het gebied geanalyseerd. De resultaten van
deze analyses laten zien dat de hoogte van de overstromingspuls in de
Wolga-Akhtuba vloedvlakte merkbaar lager is geworden door de aanleg
van het, direct stroomopwaarts van de vloedvlakte gelegen, Wolgograd
reservoir in 1960. Maar ondanks deze hydrologische ingreep varieert de
hoeveelheid water waaruit de overstromingspuls bestaat nog steeds van
jaar tot jaar, evenals de precieze begin- en einddatum. Het beheer van de
rivierafvoer is afgestemd op de waterkrachtwinning en scheepvaart, maar
ook de benedenstroomse visserijpelangen worden meegenomen. Hier-
door vindt er in het voorjaar nog steeds een aanmerkelijke overstroming
van de Beneden-Wolga plaats. Deze jaarlijkse overstroming houdt het eco-
hydrologische functioneren van de vloedvlakte in stand en de vispopula-
ties in de Wolga-Akhtuba-vloedvlakte kunnen nog steeds ‘rekenen’ op de
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jaarlijkse variaties in het afvoerregime. Bovendien is een sterke relatie ge-
vonden tussen de commerciéle visvangsten en de jaar op jaar variatie in de
hoogte van de vloed.

In Hoofdstuk 3 is de rol die de overstromingspuls heeft op het paaien van
vis in de vloedvlakte geévalueerd. We vonden dat alleen het paaien van de
rheofiele soorten die hun eieren afzetten in de vloedvlakte, samenviel met
de vloed. De timing van het paaien door eurytope en limnofiele soorten
was daarentegen gerelateerd aan de overstroming. Bovendien bleek dat
het merendeel van de paaibestanden afkomstig was van lokale vispopula-
ties. De hoofdstromen van de rivieren fungeren als belangrijkste bron van
water, maar niet van paaiende vis. In tegendeel, het grootste deel van de
paaibestanden was afkomstig van wateren in de vloedvlakte zelf. De hoofd-
stromen van de rivieren zouden wel een rol kunnen spelen als bron voor
herkolonisatie van vis na locale uitsterving door extreme omstandigheden
als langdurige bevriezing of uitdroging van wateren in de vloedvlakte.

In Hoofdstuk 4 is onderzocht hoe het habitatgebruik van vislarven is ge-
relateerd aan het overstromen van de vloedvlakte. In de Wolga-Akhtuba-
vloedvlakte gebruikten de meeste vislarven de oeverzones van permanente
wateren tijdens de overstroming en nauwelijks de tijdelijk overstroomde
terrestrische habitats. Mogelijk is dit het gevolg van een afweging tussen
enerzijds voedselbeschikbaarheid en anderzijds het sterfterisico door uit-
droging, zuurstofloosheid en predatie, die waarschijnlijk hoger zijn in de
overstroomde delen. Overstroomde terrestrische habitats produceren
voedselorganismen die met het terugtrekkende water na de vloed worden
meegevoerd naar wateren in de vloedvlakte en aldaar benut kunnen wor-
den door vislarven. De overstroomde gebieden lijken daardoor eerder te
functioneren als een indirecte voedselbron voor vislarven dan als een di-
rect opgroeigebied.

In Hoofdstuk 5 zijn de effecten weergegeven die de uitgestrektheid, timing
en duur van de overstroming en variatie in temperatuur hebben op de re-
krutering van eerstejaars vis aan het einde van het groeiseizoen. Deze re-
krutering leek voornamelijk te worden bepaald door de voorjaarstempera-
tuur en de koppeling met de overstroming. Vloedvlaktegebieden met een
relatief uitgestrekte en lange overstroming huisvesten significant hogere
dichtheden aan jonge vis, vooral van soorten met een ‘periodieke’ levens-
cyclus (grote lichaamsgrootte, late volwassenheid, hoge vruchtbaarheid
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en geringe ouderzorg) zoals snoek Esox lucius, blankvoorn Rutilus rutilus en
winde Leuciscus idus. Dit bevestigde dat uitgestrekte overstromingen de re-
krutering van vis verbetert. Giebel Carassius gibelio, een soort die bestand
is tegen hoge temperasturen en lage zuurstofgehalten, deed het vooral
goed in kleine wateren in de ‘droogste’ delen van de vloedvlakte. Daarnaast
was de rekrutering van sommige vissoorten gerelateerd aan lange-termijn
kenmerken van de wateren in de vloedvlakte zoals omvang van het wa-
terlichaam (alver Alburnus alburnus) en waterplantenbedekking (ruisvoorn
Scardinius erythrophthalmus).

In Hoofdstuk 6 zijn de effecten van geomorfologie van wateren in de
vloedvlakte en variatie in de overstromingspuls op de verspreiding en tal-
rijkheid van vis geanalyseerd. Het bleek dat de Wolga-Akhtuba-vloedvlakte,
ondanks de grote dynamiek, relatief stabiele visgemeenschappen huisvest-
te, die samenhangen met verschillende delen van de vloedvlakte. We von-
den dat de verspreiding van soorten sterk samenhing met de grootschalige
Hydro-geomorfologie van de vloedvlakte, terwijl talrijkheid sterk werd be-
invloed door zowel locale geomorfologie als tussenjaarlijkse variatie in de
vloed.

Concluderend bevestigt dit onderzoek dat de aanwezigheid van jaarlijkse
overstromingspulsen erg belangrijk is voor de rekrutering van vis in vloed-
vlaktes van rivieren in de gematigde zone. Het overeenkomen van soort-
specifieke behoeftes aan milieuomstandigheden voor paai en opgroei met
de milieuomstandigheden zoals die in een specifiek jaar voorkomen voor
wat betreft timing, duur en hoogte van de overstromingspuls en watertem-
peratuur, resulteert in ‘gelegenheidsvensters’ die geschikt zijn voor de paai
en opgroei van een bepaalde vissoort. Als gevolg hiervan is het behoud
van de spatio-temporele gelegenheidsvensters voor paai en opgroei van
vis cruciaal voor de rekrutering van vis in vloedvlaktesystemen. Zelfs on-
der veranderende milieu- en socio-economische omstandigheden zouden
deze gelegenheidsvensters behouden moeten worden om de rekrutering
van vis en diversiteit in grote vloedvlaktes van rivieren veilig te stellen.
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8.4 Streszczenie

Naturalne obszary zalewowe rzek naleza do najbardziej zr6znicowanych
i produktywnych ekosystemoéw na Ziemi. Rybactwo w duzych rzekach
i zwigzanych z nimi obszarach zalewowych stanowia wazne Zzrédto
pozywienia, zatrudnienia i dochodéw dla wielu ludzi. Ponadto, obszary za-
lewowe odgrywaja role w retencji wody, zmniejszaniu ryzyka powodzi, i bio-
logicznej utylizacji zanieczyszczen. Okresowe powodzie (impulsy powodzi,
flood pulses) odgrywajg bardzo istotng role w procesach ekologicznych
ekosystemoéw zalewowych. Naturalne réznice w wielkosci, czasie trwania i
czasie wystepowania tych impulséw powodzi ksztattujg wysoka ztozonos¢
siedlisk, co wigze sie z duza réznorodnoscig biologiczng i produktywnoscia.
Rekrutacja nowych osobnikéw jest zasadniczym elementem dynamiki po-
pulacji. Odgrywa istotna role takze w zyciu ryb, poniewaz wielkos$¢ populacji
dorostych zalezy w znacznej mierze od przetrwania mtodych osobnikéw.
Obszary zalewowe odgrywaja kluczowa role w cyklu zyciowym wielu ga-
tunkéw ryb, szczegdlnie w odniesieniu do rekrutacji. Dlatego ichtiofauna
duzych rzek jest przystosowana do naturalnego rezimu hydrologicznego,
czyli termindw i dtugosci zalewania terenéw zalewowych.

Flood Pulse Concept (Koncept Impulsu Powodzi, FPC) jest w ekologii gtéwna
teorig opisujgca poprzeczne zaleznosci w wielkich rzekach i proponuje me-
chanizmy regulujace funkcjonowanie obszaréw zalewowych i ich role w
ekosystemach rzecznych. Wedtug FPC czasowe zalanie wodno-ladowego
przejscia granicznej strefy rzeki (impuls powodzi) jest gtéwnym wyznacz-
nikiem réznorodnosci zwierzat i rodlin siedlisk zalewowych, rekrutacji,
jak réwniez produktywnosci tych ekosystemoéw. Jakkolwiek niewielkie
postepy poczyniono w badaniu FPC na wiekszych skalach przestrzennych
ze wzgledu na brak danych empirycznych. Przy podejmowaniu racjonal-
nych decyzji, co do sposobu i zakresu rehabilitacji rzek w odniesieniu do
bioréznorodnosci ichtiofauny i produkcji ryb, istotne jest, aby zrozumiec
ekologiczne funkcjonowanie obszaréw zalewowych oraz stosunki miedzy
rekrutacja ryb i charakterystyka impulséw powodzi.

Celem niniejszej pracy byto poznanie mechanizmoéw rzadzacych rekrutacja
ryb w duzych zalewowych rzekach klimatu umiarkowanego, w nawiagzaniu
do dynamiki powodzi i temperatury, a tym samym wyjasnienie relacji
miedzy impulsami powodzi i dynamika rekrutacji ryb na obszarach zale-
wowych. Przetestowano teorie FPC na terenach zalewowych duzych, na-
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turalnie funkcjonujacych rzek poprzez (1) analize dynamiki impulséw po-
wodzi w zwigzku ze zmianami przeptywu wody w gtéwnym korycie rzeki,
w roznych skalach przestrzennych i czasowych, (2) odniesiono tg dynamike
do dynamiki sukcesu rekrutacji rzecznych gatunkéw ryb, ktére korzystaja z
obszaréw zalewowych oraz (3) okreslono jakie warunki hydro-geomorfolo-
giczne sg najbardziej zaangazowane w ksztattowanie i rozmieszczenia ryb
w rozlewiskach.

Gtéwna hipoteza badan byla nastepujaca: “Whasciwosci systemu
przeptywu wody (‘the flood pulse; “impuls powodzi”) reguluje
rekrutacje populacji ryb, ktéore korzystaja z terenéw zalewowych. Tak
wiec wystepuje ilosciowy i przyczynowy zwigzek miedzy cechami im-
pulséw powodzi i rekrutacja ryb.”

Badanie zostato zrealizowane w rozlewisku Wotga-Ahtuba (dolna Wotga,
Federacja Rosyjska), jednym z niewielu wielkich (okoto 300 km dtugosci,
10-30 szerokosci), zachowanych, naturalnie funkcjonujacych obszaréw za-
lewowych w klimacie umiarkowanym. Badanie zostato podzielone na piec
potaczonych ze sobg czesci (rozdziaty 2-6).

W rozdziale 2 zostaty przeanalizowane cechy rocznych impulséw powodzi
dolnejWolgiiich wpltyw na komercyjne potowy ryb w tej strefie. Wyniki ana-
liz wskazuja, ze wielkos¢ impulséw powodzi w rozlewisku Wotga-Ahtuba
znacznie spadta z powodu budowy w 1960 roku zbiornika ‘Wotgograd’
powyzej obszaréw zalewowych. Gtéwnym zadaniem zbiornika jest kontro-
la przeptywu wody w rzece, produkgji energii elektrycznej oraz poprawa
zeglugi. Nie mniej jednak zarzadzanie przeptywem wody uwzglednia
réwniez interesy rybactwa. Zrzuty wody nadal wywotuja lokalne wiosenne
powodzie. Coroczne powodzie zachowujg ekohydrologiczne powigzania
terenéw zalewowych z rzeka a populacje ryb nadal moga wykorzystywac
pozytywny wptyw powodzi. Ponadto stwierdzono silny zwigzek miedzy ko-
mercyjnymi potowami ryb w rozlewisku i corocznymi zmianami w wielkosci
powodzi.

W rozdziale 3 oceniane jest oddziatywanie impulsu powodzi na tarto
ryb w rozlewisku. Okazato sig, ze tylko tarfo ryb reofilnych, ktére sktadaja
ikre w rozlewiskach, zbiega sie z czasem powodzi. Tarto gatunkéw eury-
topowych i limnofilnych nie miato zwigzku z powodzia. Ponadto popul-
acje ryb zamieszkujace jeziora i strumienie rozlewisk okazaty sie gtéwnym
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zrédtem stad tarfowych w rozlewisku Wotga-Ahtuba. Sama rzeka dziata
gtéwne jako zrédto wody dla terenéw zalewowych, a nie tarlakéw. Rzeka,
jednak prawdopodobnie stanowi zaséb tarlakéw przy rekolonizacji tych te-
renéw w ekstremalnych warunkach srodowiskowych, takich jak catkowite
zamarzniecie lub wysychanie, ktére moze by¢ przyczyna wymierania lokal-
nych populacji.

W rozdziale 4 opisano wyniki badan dotyczacych wykorzystywania sied-
lisk przez larwy ryb w odniesieniu do powodzi. W rozlewisku Wotga-Ahtuba
podczas powodzi, larwy wiekszosci gatunkéw ryb przebywaja na ptyciznach
stafych zbiornikdbw wodnych i prawie nie wykorzystuja zalanych sied-
lisk. Prawdopodobnie jest to w wynik kompromisu miedzy dostepnoscia
zywnosci oraz ryzykiem wysuszenia, niedotlenienie czy presji drapieznikow,
ktére prawdopodobnie sg wyzsze w zalanych obszarach. Zalane tereny sg
zrédtem pokarmu, ktdry moze by¢ wykorzystywany przez narybek, gdy po-
ziom wody opada po powodzi, a wraz z cofajaca sie woda do gtéwnych
zbiornikdéw wodnych sptywajg réznego rodzaju organizmy pokarmowe.
W zwiagzku z tym obszary zalewowe wydaja sie raczej funkcjonowac, jako
posrednie zrédto pokarmu dla narybku, niz bezposrednie siedliska.

W rozdziale 5 opisano wyniki dotyczace skutkdw czasu wystapienia po-
wodzi oraz zmian temperatury na sukces rekrutacji mtodych ryb (YOY)
na koniec okresu wegetacji. Rekrutacja wydaje sie by¢ przede wszystkim
kontrolowana przez temperature wiosng i jej zintegrowanie z powodzia.
Obszary zalane w wiekszym stopniu i na dtuzszy czas, cechowata znacznie
wiekszg gestos¢ mtodych ryb, zwlaszcza gatunkéw charakteryzujacych sie
duzymi rozmiarami ciata, pézng dojrzatoscia ptciowa, wysoka ptodnoscia
oraz brakiem opieki nad potomstwem takimi jak szczupak Esox lucius, pto¢
Rutilus rutilus oraz jaz Leuciscus idus. Potwierdza to, ze przedtuzony czas
zalania zwieksza rekrutacje ryb w rozlewiskach. Srebrny karas Carassius
gibelio, gatunek odporny na wysokie temperatury i niedotlenienie, radzit
sobie szczegdlnie dobrze w matych zbiornikach wodnych, podatnych na
wysychanie. Ponadto rekrutacja niektérych gatunkéw ryb zwigzana byta
rowniez z dtugoterminowymi wiasciwosciami zbiornikéw w rozlewiskach
np. wielkoscig zbiornika (ukleja Alburnus alburnus) czy pokryciem roslinami
wodnymi (wzdrega Scardinius erythrophthalmus).

W rozdziale 6 analizowano skutki powodzi i geomorfologii zbiornikow te-
renéw zalewowych na bogactwo i dystrybucje ryb. Stwierdzono, ze tereny
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zalewowe Wotga — Ahtuba zamieszkujg stosunkowo stabilne zespoty ryb,
zwigzane z bardzo réznorodnymi terenami zalewowymi. Rozmieszczenie
gatunkow ryb byto $cisle zwigzane z geomorfologia tych terenéw w skali
makro, podczas gdy liczebno$¢ zalezata gtéwnie od lokalnych warunkdéw
hydrogeomorfologicznych i rocznej zmiennosci skali powodzi.

Podsumowujac, niniejsze badania potwierdzity wptyw réznic wielkosci
powodzi (impulséw powodzi) na rekrutacje nowych rocznikéw ryb na te-
renach zalewowych rzek klimatu umiarkowanego. Warunkiem sukcesu
jest zaistnienie swoistych, czasoprzestrzennych ,okien mozliwosci’, w
ktérych wymagania poszczegdlnych gatunkéw odnosnie tarta i wzrostu
narybku s3 zgodne z czasem, dtugoscia i zakresem impulsu powodzio-
wego oraz termikg wody. Takie ,okna mozliwosci” powinny by¢ zagwa-
rantowane zespotom ryb, pomimo stale zmieniajacych sie uwarunkowan
spotecznych czy srodowiskowych w celu zachowania mozliwosci rekrutacji
i r6znorodnosci ichtiofauny obszaréw zalewowych rzek.
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