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Abstract

In some Snake and Columbia River reservoirs, adult white sturgeon (Acipenser transmontanus) are common but few juvenile fish
are found. indicating a lack of spawning success or poor survival of larvae. In contrast. recruitment of young-of-the-year while
sturgeon to juvenile and adult stages is successful in the unimpounded Columbia River downstream of Bonneville Dam, The
availability and size of preferred prey during the period when white sturgeon larvac begin exogencus feeding could be an impor-
tant delerminant of vear-class strength. To ¢xplore this issue, we examined the diet composition of 352 larval and young-ol-the
vear white sturgeon colleeted from 1989 through 1991 in the lower Columbia River. Samples were collected downstream from
Bonneville Dam and upsiream from the dam in Bonneville and The Dalles Reservoirs. Fish that ranged in size from 15 to 290 mm
in total length fed primarily on gammarid amphipods (Corophiun spp.) during all months. This diet ilem became increasingly
important to all sizes ol while sturgeon examined as they grew, The length of Coraphium spp. eaten by larval and young-of-the-
year white sturgeon increased with increasing fish length (rf = 45.6%. P < 0.0001}. Copepods {Cyclopoidal, Ceratopogonidae
larvae. and Diptera pupac and larvae (primarily chironomids) were alse consumed, especially al the onsct of exogenous feeding.
A small percentage of white sturgeon were found with empty stomachs during June (1.6% downstream from Bonneville Dam}
and July (4.5% downstream and 2.6% in the reservolrs). Diets of larval and young-of-the year white sturgeon from both im-
pounded and free-flowing scctions of the Columbia River were similar and we found no evidence of larval starvation in the areas
investigated, areas currently supporting healthy white sturgeon pepulations.

Introduction young-of-the-year have been found (Parsley and

Construction of dams along the Columbia and Beckman 1994).

Snake Rivers has [ragmented populations of white
sturgeon, Acipenser rransmontanus. The popula-
tion of white sturgeon in the unimpounded Co-
lumbia River downstream from Bonneville Dam
is currently robust and supports substantial sport
and commercial fisheries (DeVore et al. 1993),
However, upstream from Bonneville Dam popu-
lation levels vary, with some reservoirs sup-
porting relatively large populations and oth-
ers having very few white sturgeon (Cochnauer
et al. 1985, Beamesderfer et al. 1995, Anders
and Richards 1996). In some reservoirs, adult
white sturgeon are common but few juvenile
fish are found, indicating a lack of spawning
success or poor survival of larvae (Cochnaner
et al. 1985, Beamesderfer et al. 1995). In the
three reservoirs above Bonneville Dam, succes-
sive year-class failures and peor recruitment to

For many fish specics, year-class strength is
largely dependent on larval survival (Houde 1987,
Miller et al. 1988). The two major causes of lar-
val mortality in nature arc starvation and preda-
tion, and these are most likely interrelated {Hunter
1981, Houde 1987). The availability and size of
preferred prey at the onset of exogenous feeding
could be an important determinant ol white stur-
geon year-class strength in the Columbia River.
If insufficient adequately-sized prey are available,
growth rates would be reduced and mortality would
be increased due to greater vulnerability to pre-
dation and starvation. The objective of our study
was to describe the diet composition of exog-
enously feeding white sturgeon larvae and young-
of-the-year collected downstream from Benneville
Dam and those collected upstream in the reser-
voirs created by Bonneville and The Dalles Dams.
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Methods

Fish Collection

All larval and young-of-the-year (YOY) white
sturgeon examined in this study were captured with
trawls fished on the bottom. In the unimpounded
reach downstream from Bonneville Dam (Fig-
ure 1), the National Marine Fisheries Service fished
a 3.0-m beam trawl or a 7.9-m semiballoon shrimp
trawl from late June through October 1990, and
trom late June through September 1991 (McCabe
and Tracy 1994). In Bonneville and The Dalles
Rescrvoirs, U.S. Fish and Wildlife Service (now
the U.S. Geological Survey) fished either a 6.9-
m high-rise trawl or a 3.0-m beam trawl to cap-
ture larval and YOY white sturgeon from July
through October 1989 and 1990 (Parsley et al.
1993). The trawls were towed upstream along the
bottom. for 2 to 20 minutes per set for the beam
trawl and 5 to |5 minutes for the shrimp and high-
rise trawls. Information on abundances of col-
tected white sturgeon eggs, larvae, and juvenilcs,
and their relation to water depth, flow, subsirate
type. and other factors are reported by McCabe
and Tracy (1994) and Parsley et al. {1993).

While sturgeon larvae were collected down-
stream from Bonneville Dam from River Kilo-
meter (RKm) 45 to 232 from May through late
July, a distribution that suggested wide dispersal
after hatching (McCabe and Tracy 1994), Young-
of-the-year white sturgeon were collected from
June through Octeber downstream from Bonneville
Dam hetween RKm 45 and 211 (Figure 1). Up-
stream from Bonneville Dam (RKm 234), young-
of-the-year were collected from July through
October from RKm 242 in Bonneville Reservoir
to RKm 343 in The Dalles Reservoir.

Stomach Analysis

Larval and YOY white sturgeon were measured
(total length) in the field, placed in a 4% buff-
ered formaldehyde solution, and later translerred
to vials containing 70% ethanol for storage, Af-
ter weighing each fish, we removed its stomach
surgically and examined the contents using a 10X
binocular dissecting microscope. Food items were
identified to the lowest practical taxon (usually
species), but grouped at a higher taxonomic level
for analysis. The percent frequency of occurrence
and percent numbers of each food category were
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Figure 1. Lower Columbia River showing approximate locations where larval and voung-ol-the-year white sturgeon were cap-

tured for food habits analysis [rom 1989 through 1991,
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then calculated. Weights of individual food items
were not taken because of their small sizes. Data
were stratified by moenth (with September and
October combined) and by area (upstream and
downstream {rom Bonneville Dam),

Corophiuwm spp. {gammarid amphipods) found
in stomachs of fish captured downstream from
Bonneville Dam were measured to the nearest (1.1
mim (excluding antennae) using a lens microme-
ter, and a mean length of Coropfiium spp. con-
sumed was calculated for each fish, The relation-
ship between fish length and Corophitm spp. length
was then explored using linear regression.

A mean stomach fullness value {Terry 1977)
ranging [rom one (empty) to seven (distended)
was calculated for each month. Although subjec-
tive. this measure provided a useful, qualitative
indication of feeding success.

Results

A total of 352 larval and YOY white sturgeon
stomachs were examined; 203 from fish captured
downstream from Bonneville Dam, and 149 from
fish captured in Bonneville and The Dalles Res-
ervoirs (Table 1). There was little differcnee in
dict between years, so the vears wera combined
for this analysis. Since few fish were sampled
from The Dalles Reservoir (11) and their diet was
similar to those from Bonneville Reservoir, the
data from the two reservoirs were also combined.
Fish ranged in size from 15 1o 290 mm in length,
with the average length increasing cach month.

During June, 20.3% of the fish sampled down-
strcam from Bonneville Dam contained some yolk,
a proportion that declined to 8% during July (Table
2). Empty stomachs were found in 1.6% (1) of
the fish examined during June and 4.5% (4) dur-
ing July (Table 2). No volk sacs or empty stom-
achs were found in {ish collected from August
through October downstream from Bonneville
Dam. In Bonneville and The Dalles Reservoirs,
no fish were sampled in June and no fish with
volk sacs were sampled during any month { Table
3). Empty stomachs were found in 2.6% (1) of
the fish sampled during July in these rescrvoirs,
while no empty stomachs were found from Au-
gust through October.

The shortest larval white sturgeon exhibiting
exogenous feeding in this study were 21 mm in
length. One 21-mm fish captured downstream from
Bonneville Dam contained yolk material and ex-
ogenous food. The smallest fish containing ex-
ogenous food and no yolk was also 21 mm in
length. Fish still containing yolk material ranged
from 1510 22 mm in length. All larvae found with
empty stomachs and no volk ranged from 20 to
22 mmin length. No empty stomachs were found
in fish > 22 mm in length.

First-feeding whirte sturgeon (those captured
during June and July) consumed Corophium
spp.. copepods (Cyclopoida)., Ceratopogonidac
larvae, and Diptera pupae and larvae (primarily
chironomids). Other food items were caten, but
less frequently (Tables 2 and 3). Corophium spp.

TABLE 1. Lengths and weights of larval and voung-of-the-year white sturgeon sampled each month from 1989 through 1991 in
the Columbia River. Stomach fullness values ranged from one tempty) 10 seven (distended). Standard errors arce in

parentheses.

Month N Mean Length (imm) Mean weight (g) Mean stomach fullness
Daownstream from Bonneville Dam
June 64 259097 0.1(0.01 4.1
July 88 38.7(2.28) 4.6 (4.05) 4.6
August 3l 115.816.12) 7.3(1.15) kA
Sept/Qct 20 208.7 (12,11 318 (46D 4.6
Overall 203 63.2(4.37) 6.9 (1.96) 4.3
Upstream from Bonneville Dam
July 38 31.7(3.50) 1.20.21) 5.3
August 76 103.6(3.79) 7.310.84) 5.4
Sept/Oct 35 181.807.46) 34.6 (4.59) 5.4
QOverall 149 108.8 (4.63) 12.1(1.535) 54
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TABLE 2. Food habits of larval and young-of-the-year white sturgeon {by maonth) collected from the Columbia River down-
stream from Bonneville Dam, 1990 and 1991.

June July August Sepl/Oclober Overall
n =064 n=88 n=3l n=20 n =203
Number Frequency® Number Frequency Number Frequency Number Frequency Number Frequency
Food typa (%) (%) (%) (%} (%) (%) (%) (%) () (%)
Oligochaeta <0.1 5.0 <0.1 0.6
Bivalvia 0.7 4.0 <0.1 32 0.3 KRRV 0.2 5.6
Ostracoda 0.5 26 0.2 200 0.2 34
Neomysiy
mercedis 0.2 2.0 1.3 16.9 4.5 38.1 0.5 450 1.9 230
Ramellogammuaruy
Spp. 1.2 10.0 0.3 6.5 0.2 12.9 0.1 20,0 0.3 10.1
Corophiuni spp.  45.2 68.0 57.2 83.1 87.2 100.0 96.8 100.0 #3.1 83.7
Daphaic spp. 0.2 2. 0.3 9.7 0.1 28
Cyclopoida 31.0 30.0 17.2 247 0.7 9.7 5.4 208
Ceratopogonidae
larvae 7.7 22.0 14.9 53.2 21 516 0.2 30.0 4.1 410
[ptera larvae
and pupac 13.6 52.0 8.4 68.8 4.9 774 1.7 55.0 4.7 652
Ephemeroptera 0.2 2.0 <0.1 32 <(.1 1.1
Isopoda <0.1 10.0 <0.1 1.1
Hemiptera <0.1 5.0 <0.1 0.6
Empty stomachs 1.6 4.5 0.0 0.0 2.5
With yolk sac 203 8.0 0.0 0.0 G.%

* Frequency of occurrence

TABLE 3. Food habits of young-of-the-year white sturgeon (by month) collected from the Columbia River upstream {rom
Bonneville Dam. 1989 threugh 1991,

July August Sept/October Overall
n=38 n=76 n=2733 n=149
Number Frequency* Number Frequency  Number Frequency  Number Frequency

Food Type (%) (%) (5} (%) (%) (%) (%) (%)
Oligochacta <0).1 29 <(.1 0.7
Bivalvia 0.2 14.3 0.1 34
Neomysis mercedis KR 297 2. 21.0 10.8 62.9 0.9 331
Ramellogammarus spp. 2.8 i6.2 1.2 36.8 0.8 40.0 1.1 324
Coropliium spp. 83.3 97.3 95.1 98.7 87.8 97.1 90.9 98.0
Cladocera 0.4 5.4 0.3 14.3 <0.1 5.7 02 10.1
Cyclopoida 4.0 8.1 <0.1 2.9 0.3 2.7
Ceratopogonidae larvae <(.1 1.3 <{.1 0.7
Diptera larvae and pupac 3.0 243 0.4 13.2 0.2 22.9 0.5 18.2
Ephemeroptera <1 29 <0.1 0.7
Insecta <01 2.9 <0.1 0.7
Empty stomachs 2.6 0.0 0.0 0.7
With yolk sac 0.0 0.0 0.0 0.0

*Frequency of occurrence
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Figure 2. The relationship between the length (imm) of Corephiinnt spp. found in larval and young-of-the-year white
sturgeon stomachs and white sturgeon total length (mm) downstream from Bonneville Dam, 1990 and

1991

had the highest percent number and percent fre-
quency of cccurrence in larvae and YOY white
sturgeon slomachs each month in fish sampled
downstream from Bonneville Dam and in the res-
ervoirs (Tables 2 and 3}, Downstream from
Bonneville Dam. the proportion of the diet com-
posed of Corophium spp. increased cach month,
and Corophinm spp. were found in 100% of the
stomachs from August through September/Octo-
her (Table 2). In the reservoirs, Corophium spp.
were found in > 97% of the fish examined in all
months {Table 3). The length of Corophium spp.
eaten downstream from Bonneville Dam increased
significantly with increasing fish length {r*=45.6%,
P <0.000D(Figure 2). The Corophium spp. eaten
by white sturgeon were primarily C. salmonis,
although C. spinicorne were also consumed.

Mean stomach fullness values ranged from 4.1
(26-50% full} in June to 5.1 (50-75% full} in August
downstream from Bonneville Dam, averaging 4.5
in this reach (Table 1). In the reservoirs. mean
stomach fullness ranged from 5.3 to 5.4, averag-
mg5.4.

Discussion

Corophium spp. were the dominant prey consumed
by larval and YOY white sturgeon captured from
both impounded and free-flowing sections of the
Columbia River during this study. and were im-
portant in the diet of first-feeding fish. Mortality
of larval fish is often greatest during the period
of transition from endogenous to exogenous feed-
ing {Hjort 1926). It is unknown when “irrevers-
ible starvation™ or the “point-of-no-return” (May
1974) occurs for larval white sturgeon that are
deprived of food. Exogenous feeding generally
begins 8 to 14 days post-hatch, depending on water
temperatures (Conte et al. 1988). Post-yolk-sac
larval white sturgeon metamorphose into juve-
niles with a full compliment of fin rays and scutes
after about 25 to 30 days (authors, unpublished
data). During this time, fish actively feed on the
substrate, but they do not have complete swim-
ming capabilitics. Priegel (1970} found that far-
val walleye (Stizosredion vitrewm vitreum) were
dependent on suafficient currents to carry them
downriver 1o arcas with suitable food within three
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to five days ol hatch. If river velocities were not
sufficient, their yolks were depleted prior to
entering habitat suitable for their primary prey,
and they starved. Presumably, larval white stur-
geon would lare similarly if appropriate food is
not available at the onset of exogenous feeding.

Corophium spp. were also the most important
prey for juvenile and sub-adult white sturgeen
collected downstream from Bonneville Dam in
the Columbia River (Muir et al. 1988, McCabe
etal. 1993) and for YOY white sturgeon collected
in the San Joaquin River, California (Schreiber
1962). The diets of YOY for other sturgeon spe-
cies vary from primarily prey of benthic origin
to planktonic origin (Kasumyan and Kazhlayev
1993, Ross and Bennett 1997). Post-larval lake
sturgeon (Acipenser fulvescens) fed primarily on
cladocerans and dipteran larvae in a Wisconsin
lake (Kempinger 1996). Cladocerans and dipteran
larvac were also eaten by white sturgeon larvae
in our study, but were not the predominant prey.
Food habit studies of larger white sturgeon have
found that the dietary importance of fish and Targer
invertebrates increases with increasing fish size
(Semakula 1963, Radtke 1966, Semakula and
Larkin 1968, McKechnie and Fenner 1971).

The availability of Corophiwm spp. could play
akeyrele in the survival of larval and YOY white
sturgeon in the Columbia River and could possi-
bly explain the apparent poor survival of larvae
and YOY in some Snake and Columbia River
reservoirs that apparently have successful spawning
but poor recruitment (Parsley and Beckman 1994),
Downstream from Bonneville Dam. YOY whitc
sturgeon werc captured primarily between RKm
45 and 166, with few collected in the 68 km of
river immediately downstream from Bonneville
Damat RKm 234 (McCabe and Tracy 1994). They
were found primarily on sand subsirates, which
are the predominant substrates in the lower Co-
lumbia River downstream from Bonneville Dam
and in Bonneville Reservoir (Parsley and Beckman
1994). Sturgeon prefer sandy bottoms, where they
can feed efficiently using their ventral barbels and
protrusible mouths to suck prey from the substrate;
they avoid vegetation. uneven substrates, and silt
(Levin 1988, Sbikin and Bibikov 1988).

White sturgeon spawning in the Columbia River
system occurs during high flows that disperse eggs
and larvac downstream. Brannon et al. (1985)
reported that white stargeon larvae held in aquaria
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swam up in the water column for about a five-
day period after hatching, then settled to the bot-
tom where they stayed if food was present. Tf foed
was not found, larvae again swam to the surface.
This behavier would increase their downstream
displacement and is thought to be a mechanism
for dispersal to suitable hahitats. Nilo et al. (1997)
suggesicd that Take sturgeon year-class strength
in the Saint Lawrence River was determined in
the first few months of life. and that climatic and
hydrological conditions in June, while larvae were
dispersing from spawning grounds and exogenous
feeding began. were the critical elements. Stevens
and Miller (1970) found a direct relationship be-
tween river tlow and white and green sturgeon
(A. medirostris) larval abundance in the Sacra-
mento-San Joaquin Delta, California although river
flow may have influenced their sampling efficiency
to some degree.

The larval and smallest YOY white sturgcon
examined in this study selected the smallest
Corophium spp. This would be expected since
sturgcon larvae are gape-limited and unable to
handle larger prey. The spring and carly summer
timing of white sturgeon larvac coincides with
the presence of juvenile Corophiunm spp. it the
size range useable by larvae. Although little is
known about Corophium spp. populations in the
Columbia River, especially in reservoirs, most
populations studied have produced offspring twice
yearly in spring and fall (Higley eval. 1984). The
distribution and density of Corephium spp. popu-
lations are related to sediment size, and their abun-
dance would most likely vary throughout the res-
ervoirs and downstream from Bonneville Dam
(Higley et al. 1984, McCabe et al. 1997). Reser-
voirs typically change from coarse sediment or
cobble in their upper reaches to fine sand or silt
downstream (Vannote et al. 1980). Theretore, the
degree to which white sturgeon larvae success-
fully disperse to suitable habitats could be de-
pendent on the magnitude of spring flows, the
effect of channel morphometry on velocities within
each reservoir, and the length and sediment char-
acteristics of each reservoir.

As post-larval size (especially mouth gape) and
swimming performance increase. the range of
suitable food sizes and types increases (Blaxter
1969). Rapid growth from the larval stage increases
swimming performance and decreases predation
risk and size-related vulnerability to predators in
bloater (Coregonus hoviy (Rice et al. 1997).



Swimming speed (sustained and burst) increases
with larval length, giving larger larvae an advan-
tage to capture food or avoid predation (Miller et
al. 1988). Survival of striped bass larvae (Morone
saxarilis) was rclated to prey availahility, with
areatest mortality occurring when endogenous
energy seurces (volk and oil) were exhausted
(Eldridge et al. 1981), Species having larger lur-
vae, such as white sturgeon, may have a longer
window (o find prey, due to their relatively large
siz¢ and available energy reserves. This could
increase survival in environments where prey
availability is patchy (Miller et al. 1988).

Sturgeon have high fecundity, with white stur-
geon in the lower Columbia River found to pro-
duce from 98.200 to 699,000 eggs per female
(DeVore et al. 1995), with potentially even more
eggs produced by the largest spawners with esti-
mates as high as 4.7 million eggs per female (Moyle
1976). Therefore, substantial mortality during the
egg and larval stages is expected. Miller and
Beckman {1996) observed white sturgeon eggs
in the stomachs of four common fish species col-
lected downstream from The Dalles, John Day,
and McNary Dams in the Columbia River. Al-
though no larvac or YOY were {found in these
predator stomachs during their study, their sam-
pling occurred immediately downstream from
spawning arcas from which most larvae would
have already been displaced. Some predation far-
ther downstream during this life stage would be
likely. Anders (1996) reported that a substantial
number of naturally produced white sturgeon eggs
collected from the Kootenai River, Idaho during
1994 and 1995, were recorded from stomach con-
tents of native predatory [ishes. Anders and
Richards (1996} reported finding one white stur-
geon larvae in the stomach of a northern pike-
minnow, Prvchocheilus oregonensis.
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