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Abstract Understanding spatial and temporal patterns in larval fish distributions is important for investigating
factors related to recruitment variability and for developing sampling methodologies. Variation in species diversity
(Shannon index) and density (number 100 m)3) of larval fishes from nearshore and pelagic habitats in Glen Elder
Reservoir, KS, USA, was assessed during 1999 and 2000. Species diversity and densities of individual taxa were
significantly higher (P < 0.05) in nearshore habitats than pelagic habitats during both years. Larval fish densities
were generally higher in the year 1999 with higher spring water levels. Gizzard shad Dorosoma cepedianum
(Lesueur) was the most abundant taxon in nearshore and pelagic habitats during both years. In addition, larval
gizzard shad was sampled for the longest duration in the upper water column and overlapped with all taxa
collected. High densities of gizzard shad in both habitats suggested that the potential for competitive interactions
was high, especially given the lack of aquatic vegetation and habitat heterogeneity in littoral habitats. Most of the
variation in larval fish diversity and density was because of temporal variation. If sampling effort must be limited
and the purpose of sampling is to monitor larval diversity or density, attention should focus on sampling the same
location over long time periods rather than across a variety of sampling locations.
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Introduction

The early life history of fish is often considered critical
for recruitment to the adult population (Gulland
1982). Thus, understanding how larval fish popula-
tions vary through time and among habitats is
important for answering questions related to both
applied and theoretical ecology. For example, variab-
ility in larval fish distributions may provide insight on
the factors influencing recruitment dynamics such as
the location and suitability of spawning habitat (Par-
ker & Franzin 1991; Donald 1997) or the effects of
anthropogenic disturbances (e.g. elevated thermal
regimes; Barwick 1978; Wilkonska 1994). Knowledge

of larval fish distributions may also provide informa-
tion on species interactions during early life history.
Several studies suggest that larval niche partitioning
has influenced the evolution (i.e. time of spawning,
ontogenetic shifts in diet or habitat use) of sympatric
species (Todd & Davis 1995; Chouinard & Bernatchez
1998). In addition to providing insight on factors
influencing fish populations and communities, under-
standing spatial and temporal variation in larval fish
distributions is extremely important for developing
standardised sampling methodologies.
Most research on larval fishes has been conducted in

marine systems (e.g. Miller, Crowder, Rice &
Marschall 1988; Pepin, Dower & Davidson 2003;
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Stratoudakis, Bernal, Borchers & Borges 2003). In
freshwater, larval fish distributions have been studied
in large rivers (Holland & Sylvester 1983; Copp 1993;
Brown & Coon 1994), streams (Floyd, Hoyt &
Timbrook 1984), and natural lakes (Amundrud, Faber
& Keast 1974; Post & McQueen 1988; Economou,
Daoulas, Psarras & Barbieri-Tseliki 1994; Wang &
Eckmann 1994). Despite the abundance and impor-
tance of reservoirs, few studies have examined larval
fish distributions in impounded systems, and of those,
most have focused on a single species (Linlokken,
Kleiven &Matzow 1991; Michaletz 1997; Chick & Van
Den Avyle 1999) or family (Tisa, Ney & Whitehurst
1985; Sammons, Bettoli & Fiss 1998). The objective of
this study was to examine spatial and temporal
variation in larval fish communities in a large reservoir
system, Glen Elder Reservoir, KS, USA. Because
larval fish often have a patchy distribution (i.e. both
spatially and temporally), the relative importance of
spatial and temporal variation in larval fish diversity
and densities to the design of sampling protocols was
also examined.

Materials and methods

This study was conducted on Glen Elder Reservoir, a
5093 ha impoundment in north-central Kansas
(39�29¢ N; 98�18¢ W). Glen Elder Reservoir is similar

to other reservoirs in the Great Plains region of
North America with regard to abiotic conditions and
fish communities. In general, reservoirs in the region
are turbid and warm (mean summer tempera-
tures ‡ 30 �C), and rarely thermally stratify because
of persistent wind action. Fish communities are
diverse and all species spawn during the spring prior
to or during high seasonal rainfall (i.e. April to June).
Although many species are highly abundant and
reproduce naturally [e.g. gizzard shad, Dorosoma
cepedianum (Lesueur), channel catfish, Ictalurus punct-
atus (Rafinesque), white bass, Morone chrysops
(Rafinesque)], other species are routinely stocked
[e.g. walleye Sander vitreus (Mitchill), striped bass,
Morone saxatilis (Walbaum)] to maintain or supple-
ment populations that provide recreational angling
opportunities. A detailed description of the abiotic
conditions and fish communities in Glen Elder
Reservoir and other Kansas reservoirs is provided in
Quist (2002).
Larval fishes were sampled weekly from the last

week in March until the end of June during 1999 and
2000 (Fig. 1). Although habitat (e.g. aquatic veget-
ation, woody debris) in Kansas reservoirs is rare or
absent, that which does occur is located in shallow
water habitats generally within 200 m of shore.
In addition, management activities (e.g. habitat
improvement) occur in nearshore areas indicating

Figure 1. Location of ichthyoplankton sampling sites from nearshore (open symbols) and pelagic (solid symbols) habitats in Glen Elder Reservoir,

Kansas (1999–2000).
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the importance of areas within 200 m of shore for
management purposes. A stratified-random sampling
design was used to select sampling sites from near-
shore and offshore habitat types. Nearshore habitats
were defined as areas within 200 m from the shoreline
and offshore habitats were those >500 m from shore.
Larval fish were sampled during the day at all sites
using paired conical nets (bongo nets; 0.5 m diam-
eter · 1.5 m long, 500 lm mesh) and a metered net
(1.0 m diameter · 3.0 m long, 500 lm mesh). Bongo
nets were pushed just below the surface of the water
from the bow of the boat, and the metered net was
towed behind the boat using an aluminium depressor
to maintain the top of the net at a depth of 0.5 m
from the surface. Nets were towed at a rate of
1.5 m s)1 for 15–20 min, although duration was
occasionally reduced to prevent clogging the net with
debris and algae. Flow meters (Model 2030R; Gen-
eral Oceanics, Inc., Miami, FL, USA) were fixed to
the mouth of all nets and measured the distance
travelled. Distance travelled was then multiplied with
the surface area of the opening of the net to
determine sample volume.
Ichthyoplankton samples were immediately pre-

served in 90% ethanol and transported back to the
laboratory for identification. Larval fish were identified
using keys provided by May & Gassaway (1967), Taber
(1969) and Auer (1982). All larvae were identified to
species where possible, but accurate identification of
several taxa beyond the genus level is difficult or
impossible without conducting molecular analyses
(Rettig 1998). Therefore, Lepomis spp., Pomoxis spp.,
Ictiobus spp., and Carpiodes spp. were only identified to
genus. Based on the relative abundance of adults in
Glen Elder Reservoir, these taxa were probably dom-
inated by green sunfish Lepomis cyanellus Rafinesque,
bluegill Lepomis macrochirus Rafinesque, white crappie
Pomoxis annularis Rafinesque, smallmouth buffalo
Ictiobus bubalus (Rafinesque), and river carpsucker
Carpiodes carpio (Rafinesque). Although larvae can
exhibit difference in their spatial and temporal distri-
bution depending on the ontogenetic status (e.g.
Werner & Gilliam 1984), lack of basic ecological
knowledge of species prevented identification of life
stages. Once all larval fish were identified, species
diversity at each site and sampling date was estimated
using the Shannon index (Ney 1999). Repeated-
measures analysis of variance (ANOVA; Milliken &
Johnson 1992) was used to determine if species diversity
and density (number 100 m)3) differed over spatial and
temporal scales during each year. When significant
interactions occurred (i.e. habitat by sampling date),
least-squared means were used to examine difference

among habitats on individual sampling dates (Milliken
& Johnson 1992). The importance of spatial and
temporal variation was examined using methods first
using repeated-measures ANOVA and then partial vari-
ance was estimated following the methods of Meador &
Matthews (1992): S2H ¼ ðMSH �MSIÞ=ND and
S2D ¼ ðMSD �MSIÞ=NH, where, S2 is the variance,
MS the mean square from the ANOVA,N the sample size,
H the habitat type, D the sampling date and I the
interaction between habitat type and sampling date.
The percentage of variation (model variation) was
estimated from each component and partitioned into a
ratio (i.e. S2H : S2DÞ to identify the relative importance of
spatial and temporal variability on larval fish diversity
and densities. All analyses were conducted using SAS
(SAS Institute 1996) and a ¼ 0.05.

Results

A total of 41 168 larval fishes representing 14 different
taxa were collected (Table 1). Larval walleye was the
first species collected in 1999, followed by gizzard shad
and white bass (Fig. 2). Most taxa were first collected
during mid to late May, but Ictiobus spp. andCarpiodes
spp. were first sampled during late May or early June.
During 2000, gizzard shad was the first species collec-
ted, and similar to 1999, exhibited the most protracted
temporal occupation of any species in the upper water
column. Common carp Cyprinus carpio L., freshwater
drum Aplodinotus grunniens Rafinesque, Carpiodes
spp., and white suckers Catostomus commersoni
(Lacépède) were only sampled during 1999. Although
most taxa were sampled from both habitat types,
logperch Percina caprodes (Rafinesque), Pomoxis spp.,
freshwater drum, and Carpiodes spp. were only sam-
pled from nearshore habitats. No taxa were exclusively
sampled from pelagic habitats during either year.
Diversity of larval fishes generally increased through

time, but was highly variable among habitat types
during both years (Fig. 3). Species diversity was low
until the middle of May in 1999 and did not increase
until the end of May in 2000, when water temperatures
were 18–20 �C during both years. Species diversity was
significantly higher (P ¼ 0.04–0.0001) in nearshore
than pelagic habitats on most sampling dates in both
years (Fig. 3). Not only were nearshore habitats more
diverse, but most taxa also had higher densities in
nearshore habitats compared with pelagic habitats
(Table 1). Although densities were generally low for
most taxa, densities were usually higher in 1999 than
2000.
Gizzard shad, Lepomis spp., and white bass were the

most abundant taxa during both years and comprised
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over 96% (by number) of the larval fish collected.
Therefore, spatial and temporal trends in abundance
for these species were further examined (Fig. 4).
During 1999, gizzard shad were generally more abun-
dant in pelagic habitats (P ¼ 0.05–0.0001) and peaked
about a week later than in 2000. In 2000, gizzard shad
densities were much lower than in 1999 and exhibited a
bimodal distribution in pelagic habitats. Similar to
1999, gizzard shad were most abundant in pelagic
habitats during 2000. White bass densities peaked
about 1 week earlier and were higher (P ¼ 0.04–
0.0001) on individual sampling dates in nearshore than
pelagic habitats in 1999. Although few white bass were
sampled in 2000, most were sampled on one sampling
date from pelagic sampling sites. Lepomis spp. densi-
ties were significantly higher (P ¼ 0.02–0.0001) in
nearshore habitats during both years. Similar to
gizzard shad and white bass, Lepomis spp. densities
were generally much higher in 1999 than 2000. Because
gizzard shad were the most abundant species in both
habitats and years, trends in total larval fish abun-
dance were identical to the trends observed for gizzard
shad.
Partial variance analysis indicated that most of the

variation in species diversity and density of individ-
ual taxa was because of temporal variation rather
than variation between habitat types (Table 2).
Freshwater drum and Pomoxis spp. were the only
taxa where spatial variation was higher than tem-
poral variation.

Discussion

Distributions of larval fishes in lentic systems may
reflect a response to predation (Johnston, Gaboury,
Janusz & Janusz 1995), prey resources (Werner 1967),
or drift because of wind-generated water currents
(Noble 1972). Alternatively, the abundance and loca-
tion of larvae may reflect the behaviour and spawning
habitat requirements of adults (Storck, Dufford &
Clement 1978; Wilkonska 1994; Pope & Willis 1998).
Although the specific mechanisms responsible for the
distribution patterns of larval fishes in Glen Elder
Reservoir were not determined, the observed distribu-
tions likely reflect the spawning requirements of adults.
For example, logperch, Pomoxis spp., Lepomis spp,
and nearly all of the cyprinids collected in Glen Elder
Reservoir spawn in shallow littoral areas (Cross &
Collins 1995; Pflieger 1997). Consequently, diversity
and densities were highest in nearshore habitats during
both years. Although larval gizzard shad were ubi-
quitous during both years, densities were generally
higher in pelagic habitats. Adult gizzard shad generally
spawn in coves and other open-water habitats, which
may explain their distribution in Glen Elder Reservoir.
Similar distributions of gizzard shad have been repor-
ted for reservoirs in Illinois (Storck et al. 1978),
Missouri (Michaletz 1997), Oklahoma (Matthews
1998), and Tennessee (Sammons & Bettoli 2002).
Densities were higher in 1999 than 2000 for nearly

all taxa, likely reflecting differences in water level

Table 1. Summary of mean species diversity (Shannon index) and density (number 100 m)3) of larval fishes sampled from nearshore and

pelagic habitat types from Glen Elder Reservoir, Kansas, during 1999 and 2000. Numbers in parentheses represent 1 SE. Total density estimates

represent densities of all larval fishes

Index or taxa

1999 2000

Nearshore Pelagic Nearshore Pelagic

Diversity 0.17 (0.08) 0.04 (0.02) 0.16 (0.11) 0.11 (0.05)

Walleye 0.01 (0.01) 0.05 (0.04) 0 (0) 0.01 (0.01)

Gizzard shad 105.93 (53.59) 183.52 (135.82) 3.47 (1.74) 12.17 (7.17)

Common carp 0.02 (0.01) 0.02 (0.01) 0 (0) 0 (0)

White bass 0.12 (0.05) 0.01 (0.01) 0.01 (0.01) 0.01 (0.01)

Freshwater drum 0.05 (0.03) 0 (0) 0 (0) 0 (0)

Logperch 0.01 (0.01) 0 (0) 0 (0) 0.01 (0.01)

Lepomis spp. 1.31 (0.67) 0.29 (0.16) 0.04 (0.03) 0.02 (0.01)

Pomoxis spp. 0.06 (0.03) 0 (0) 0 (0) 0 (0)

Ictiobus spp. 0.09 (0.08) 0.03 (0.02) 0.01 (0.01) 0.01 (0.01)

Carpiodes spp. 0.01 (0.01) 0 (0) 0 (0) 0 (0)

Fathead minnow 0.02 (0.01) 0.03 (0.02) 0.01 (0.01) 0.01 (0.01)

Emerald shiner 0.01 (0.01) 0.01 (0.01) 0 (0) 0.01 (0.01)

Central stoneroller 0.01 (0.01) 0 (0) 0.01 (0.01) 0.01 (0.01)

White sucker 0.01 (0.01) 0.01 (0.01) 0 (0) 0 (0)

Total 107.65 (54.01) 183.99 (135.97) 3.47 (1.74) 12.23 (7.18)
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characteristics. Many species, particularly those that
spawn in littoral areas, depend on high water levels
during the spring for spawning and production of prey
resources for larvae (Martin, Mengel, Novotny &
Walburg 1981). During 1999, water levels were 1–2 m
higher than during 2000 (Quist 2002) and extensive
flooding of terrestrial vegetation was observed. There-
fore, spawning conditions and prey resources were
probably better for most species in 1999 than during
2000. Michaletz (1997) found that high water levels
resulted in extensive spawning activity and high
densities of larval gizzard shad in two Missouri
reservoirs. Similarly, Mitzner (1991) found that larval
Pomoxis spp. densities were higher during years with
elevated water levels in Rathbun Lake, Iowa.
Most studies on larval fish dynamics have been

conducted in natural systems (e.g. Forney 1980;

Economou et al. 1994; Todd & Davis 1995) and those
conducted in reservoirs have generally focused on a
single species (e.g. Michaletz 1997; Chick & Van Den
Avyle 1999). Consequently, knowledge on interactions
(i.e. competition, predation) during the early life
history of fish in artificial systems is limited. Chouinard
& Bernatchez (1998) stated that interactions among
larval fishes have been largely ignored and that the
greatest contributions to fitness in most fishes are likely
maximised during the early life history. Nearly all
larval fishes depend on zooplankton for adequate
growth and survival (Miller et al. 1988) and the timing
of spawning is closely associated to prey production
in natural systems (Colby, McNicol & Ryder 1979;
Werner & Gilliam 1984). In reservoirs, interac-
tions among larval fishes are especially important
because species have little evolutionary history of

Figure 2. Chronology of larval fishes sampled from nearshore (open bars) and pelagic (solid bars) habitats by week of the year in Glen Elder

Reservoir, Kansas, during 1999 and 2000. Although samples were collected during the end of March, the x-axis is truncated to the weeks when larval

fishes were collected. Arrows represent the first day of each month.
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co-occurrence. Although the primary objective of this
study was to describe distribution patterns, the results
suggest that interactions among larvae may be high in
Glen Elder Reservoir because spatial and temporal
overlap was high for most larval taxa. Competitive
interactions may be especially important when one
species (e.g. gizzard shad) is highly abundant, has a
larger body size, or displays aggressive behaviour
(Davis & Todd 1992; Todd & Davis 1995; Chouinard
& Bernatchez 1998).
Gizzard shad have been successful in reservoirs and

may have important effects on other larval fishes. Not
only are larval gizzard shad present at high density for
extended time periods (Tisa et al. 1985; Michaletz
1997; Sammons & Bettoli 2002), but they also
commonly reduce zooplankton abundance through
top–down (direct predation on zooplankton) or bot-

tom–up processes (grazing on phytoplankton; Stein,
DeVries & Dettmers 1995). Garvey & Stein (1998)
found that larval gizzard shad reduced survival of
larval bluegills in Ohio reservoirs. Similar results were
reported in Alabama (Kirk, Davies & Park 1986; Kim
1998), Texas (Guest, Drenner, Threlkeld, Martin &
Smith 1990), and Oklahoma (Jenkins 1957). Mallin,
Birchfield & Warren-Hicks (1985) found that diet
overlap was high between larval gizzard shad and
Lepomis spp. in a North Carolina reservoir and
competitive interactions were most important for small
larvae. The only habitat where larval gizzard shad were
not collected in their study was extremely shallow
littoral areas, suggesting that such areas may provide
areas of refuge for species sensitive to the effects of
gizzard shad. Thus, the general lack of habitat
heterogeneity in nearshore areas of Glen Elder
Reservoir, coupled with high larval fish densities and
diversity suggests that management activities (e.g.
habitat improvement) should focus on nearshore
habitats.
Several caveats must be considered when interpret-

ing the results of this study. First, sampling occurred
only in the upper portion of the water column.
However, over 70% of the fish collected were from
the bongo nets (sampled 0–0.5 m from surface),
suggesting that most fish were distributed near the
surface. Sampling the entire water column requires
specialised gears that are not readily available to
management agencies. Therefore, the sampling gears
used in this study are the gears most likely to be
utilised by management personnel. The other potential
bias with our data is that fish were collected during the
day. A few (n ¼ 6) samples were collected at night
from sites also sampled during the day to help provide
insight on this potential bias. However, larval densities
and species composition of night-time samples were
nearly identical to those collected during the day.
Furthermore, management agency personnel are more
likely to sample ichthyoplankton during the day,
providing additional support for using a daytime
sampling regime.
Predicting year-class strength and monitoring pop-

ulations is important for successful management of
sport and prey species. The objectives of this study did
not address whether larval densities index recruitment;
however, several studies have shown that larval den-
sities provide an accurate prediction of year-class
strength (Rijnsdorp, van Stralen & van der Veer
1985; Uphoff 1989; Sammons & Bettoli 1998).
Regardless of whether larval densities index year-class
strength, the results of this study provide important
information for developing sampling methodologies

Figure 3. Mean species diversity (Shannon index) of larval fishes

sampled from nearshore and pelagic habitats by week of the year in

Glen Elder Reservoir, Kansas, during 1999 and 2000. Asterisks repre-

sent a significant difference (P < 0.05) between habitat types on a given

sampling date. Arrows represent the first day of each month.
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related to monitoring and answering research or
management questions. Although many studies have
found high spatial and temporal variability in larval
fish densities (e.g. Storck et al. 1978; Scott & Buchanan
1979; Sammons & Bettoli 2002), partial variance
analysis indicated that temporal variation was higher
than spatial variation for species diversity and densities

of most taxa. Because sampling effort is often limited
due to logistical constraints, studies designed to
monitor larval fish densities and species composition
should sample over a long time period. Whether these
recommendations are applicable to other systems is
unknown, but similar results are likely in reservoirs
characteristic of those in the southern Great Plains.

Figure 4. Mean density (number 100 m)3) of larval gizzard shad, white bass, Lepomis spp., and all taxa sampled from nearshore and pelagic habitats

by week of the year in Glen Elder Reservoir, Kansas, during 1999 and 2000. Asterisks represent a significant difference (P < 0.05) between habitat

types on a given sampling date. Arrows represent the first day of each month.
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