American Fisheries Society Symposium 62:637-653, 2008
© 2008 by the American Fisheries Society

Review of Gizzard Shad Population Dynamics at the
Northwestern Edge of Its Range

MELIssA R. WUELLNER¥*, BRiaN D. S. GRAEB,

MATTHEW J. WARD, AND DaviD W. WILLIS
Department of Wildlife and Fisheries Sciences, South Dakota State University
NPB 138, Box 2140B, Brookings, South Dakota, USA

Abstract—Gizzard shad Dorosoma cepedianum is widely distributed in North
America, and South Dakota marks the northwestern edge of its native range. To
date, most research regarding population dynamics of gizzard shad has been con-
ducted in more southerly waters. We reviewed the dynamics and biology of giz-
zard shad populations in South Dakota and compared this information with that
reported for southerly populations. Once predicted to become extirpated in some
South Dakota systems because of a lack of recruitment, gizzard shad populations
today are naturally recruiting and have actually expanded their range, although
adult population densities remain low. Recruitment of adult gizzard shad varied
depending on the system. One population of gizzard shad introduced into a U.S.
Bureau of Reclamation reservoir in western South Dakota exhibited erratic recruit-
ment patterns, with only three age-groups recruited from 1993 to 2004. In contrast,
adult gizzard shad samples collected in two Missouri River reservoirs indicated
more consistent recruitment over an 8-year period. Peak abundance estimates of
larval gizzard shad varied widely by system and by year. From 2004 to 2006, densi-
ties of gizzard shad in three western South Dakota reservoirs varied between 8 and
722 tish/ 100 m?®. Densities of gizzard shad in Missouri River reservoirs in 2004 and
2005 varied between 6 and 24,640 fish/100 m®. Production of gizzard shad in South
Dakota reservoirs may equal or exceed that of southern systems. When available as
prey, age-O gizzard shad are an important component of predator diets (30—100%
by weight of all prey consumed by walleyes Sander vitreus). Introduction of gizzard
shad resulted in increased growth rates for recreational fishes in western South
Dakota. Currently, the presence of gizzard shad in South Dakota is considered to
be a benefit to recreational fisheries in the state. However, further research should
address the relationship between climate and reservoir operation on gizzard shad
dynamics and the interactions between age-0 shad and age-0 Micropterus, Perca, and
Sander spp.

Introduction

Gizzard shad Dorosoma cepedianum have a
wide native range, extending as far east as
the coast of Virginia and as far west as New
Mexico; north—south limits of gizzard shad

* Corresponding author: melissa.wuellner@sdstate.
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distribution are the Missouri River basin of
the Dakotas and the St. Johns River, Florida
(Heidinger 1983). Gizzard shad are often an
important component of fish communities
throughout their range, providing an im-
portant prey resource for several predators
such as walleyes Sander vitreus (Stroud 1949;
Jester and Jensen 1972; Quist et al. 20045
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Ward et al. 2007), white bass Morone chrysops
(Jester and Jensen 1972), and white crappie
Pomozxis annularis (Jahn 1983; Mosher 1983).
Because gizzard shad have benefited many
recreational fisheries, this fish has been in-
troduced as a prey species both within and
outside of its native distribution (Heidinger
1983; Dettmers and Stein 1992, 1996; Moyle
and Cech 2003).

Despite the benefits that gizzard shad
may provide, management of the species
can be problematic. In southern systems,
juvenile gizzard shad may experience fast
growth and low mortality due to prolonged
growing seasons (Swingle 1950; Noble
1981; Michaletz 1997). Resulting intraspe-
cific competition for adult gizzard shad may
lead to decreased production of age-0 shad
and negative impacts to recreational fishes
(Noble 1981). In contrast, gizzard shad on
the northern periphery of their range are
more susceptible to winterkill (Heidinger
1983; Porath 2006), reducing the prob-
ability of intraspecific competition among
adults and increasing the likelihood that
age-0 shad will be produced on an annual
basis (Heidinger 1983; Willis 1987). Evi-
dence suggests that gizzard shad popula-
tions in South Dakota are likely limited
by winterkill. Walburg (1964) reported no
survival of age-0 gizzard shad in years
when ice cover lasted more than 103 d in
Lewis and Clark Lake (southeastern South
Dakota). Furthermore, stocking of” juvenile
gizzard shad (N = 85,000) into Lake Oahe
in April 1982 resulted in no subsequent
survival (Hanten 2006). Understanding the
environmental factors that affect gizzard
shad population dynamics is important to
management of predator species (e.g., wall-
eyes) in South Dakota (Ward et al. 2007).

In this paper, we summarized our
knowledge of native and introduced popu-
lations of gizzard shad in South Dakota
and compare this information to southern
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populations. Because gizzard shad dynam-
ics in South Dakota have changed marked-
ly since the 1970s and 1980s, we examine
those changes and hypothesize the future
of gizzard shad management in the north-
central United States.

Study Sites

Gizzard shad have been extensively stud-
ied in six South Dakota reservoirs (Table
1). Gizzard shad have been introduced into
three smaller western reservoirs (Angos-
tura, Belle Fourche, and Shadehill). Angos-
tura Reservoir was stocked with prespawn
adult gizzard shad in 1990-1992 and 1994,
and the population is presently self-sustain-
ing. Belle Fourche and Shadehill reservoirs
have been stocked with prespawn adult giz-
zard shad since 1997 and 1999, respectively
(Ward 2005; Ward et al. 2006). All three
western reservoirs are operated by the U.S.
Bureau of Reclamation (BOR). Angostura
and Belle Fourche reservoirs are used for
irrigation, and water levels may be reduced
during summer to 50% and 15% of full pool,
respectively; however, water levels in Sha-
dehill Reservoir are more stable. All three
reservoirs are considered eutrophic (Stueven
and Stewart 1996).

Gizzard shad are native to three main-
stem Missouri River reservoirs: Lewis and
Clark Lake, Lake Francis Case, and Lake
Sharpe. Construction of these impound-
ments was authorized by the Pick-Sloan
Flood Control Act of 1944 (Public Law
78—534), and all three are managed by the
US. Army Corps of Engineers for hydro-
power, recreation, water supply, navigation,
flood control, and fish and wildlife. Water-
level fluctuations on Lewis and Clark Lake
and Lake Sharpe are small (<1.1 m, annu-
ally); changes in water levels on Lake Fran-
cis Case may vary between 6 and 14 m in a
given year. All three Missouri River reser-
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voirs are classified as mesotrophic (Stueven
and Stewart 1996).

Methods
Dynamics of Adult Gizzard Shad

Adult gizzard shad were collected in Lakes
Sharpe and Francis Case and in Angostura
Reservoir using daytime electrofishing dur-
ing the spring spawning period of 2004.
Fish were measured to the nearest millime-
ter (total length), and sagittal otoliths were
removed to determine the age structure
of each gizzard shad population (Clayton
and Maceina 1999). Annual growth was
assessed as the differences in mean length
at time of capture by cohort. Total annual
mortality was estimated using catch-curve
analysis.

Reproduction and Early Life History
of Gizzard Shad

Larval gizzard shad were collected in An-
gostura, Belle Fourche, and Shadehill reser-
voirs (2004—2006), Lakes Sharpe and Francis
Case (2004—2005), and Lewis and Clark Lake
(2005) every 10—14 d from early May to mid-
August each year. In all reservoirs, larval fish
were collected using 1.0-m-diameter ichthy-
oplankton trawl with 500-1,000-pm mesh
(bar measure). A flowmeter was mounted in
the mouth of the trawl to estimate the vol-
ume of water filtered. Locations were select-
ed using a stratified-random approach. Each
reservoir was divided into zones (lower, mid-
dle, and two upper zones for BOR reservoirs
and upper, middle, and lower zone for the
Missouri River reservoirs). In Angostura,
Belle Fourche, and Shadehill reservoirs, four
5-min trawls were completed in each zone.
Three 10-min trawls were completed in each
zone of Lakes Sharpe, Francis Case, and
Lewis and Clark. Additionally, Hipple Lake,
a 178-ha backwater area of Lake Sharpe, be-
lieved to be reproductive and nursery habitat
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for larval gizzard shad, was sampled sepa-
rately during each period. Density of larval
gizzard shad was calculated as the number
of shad per 100 m’ of water filtered.

Juvenile gizzard shad were collected in all
six reservoirs between 2003 and 2006. In the
Missouri River reservoirs, fish were collected
using a 60-m bag seine with 6.4-mm bar mesh
at randomly selected shoreline locations dur-
ing summer 2003 and 2004. The BOR reser-
voirs were sampled using a combination of a
30.5-mm bag seining (6.4 mm bar mesh) and
daytime electrofishing in summer from 2004
to 2006. Sample sites were selected similarly
to those for larval sampling. In all reservoirs,
gizzard shad were enumerated and sagittal
otoliths were removed from 50 to 100 ran-
domly selected shad. Hatch date for each fish
was determined by counting the number of
daily growth rings on the otoliths and add-
ing 3 d to account for the first daily ring be-
ing formed 3 d posthatch (Davis et al. 1985).
Daily growth of juvenile gizzard shad was
determined by taking total length at time of
capture, subtracting 5 mm for the length at
hatching, and dividing by the age of the fish
in days (Bremigan and Stein 1999).

Assessing Impacts of Gizzard Shad
on Piscivore Dynamics

Walleye diets were assessed monthly in An-
gostura Reservoir from April through Sep-
tember 2004. In the Belle Fourche and Sha-
dehill reservoirs, walleye diets were assessed
seasonally in 2004 (early May, late July, and
mid-September). Most walleyes were collect-
ed using nighttime electrofishing, but short-
term (i.e., <4 h) gill-net and modified fyke-net
sets were also used to supplement catches. Di-
ets of walleyes were summarized according
to Ward et al. (2007) and compared to diets
of walleyes collected pre-gizzard shad intro-
duction. In addition, consumption and growth
estimates of walleye cohorts were estimated
as described by Ward et al. (2007).
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Results and Discussion

Population Dynamics of Adult
Gizzard Shad

Recruitment—Adult gizzard shad were
collected in Angostura Reservoir (N = 100)
and Lakes Francis Case (N = 58) and Sharpe
(N = 118) in spring 2004 (Figure 1). Only
Angostura Reservoir exhibited the expected
pattern of erratic recruitment. Contrary to
a priori hypotheses, Ward et al. (2006) found
gizzard shad recruitment in Angostura Res-
ervoir to be regulated by both abiotic (e.g.,
winter duration) and biotic (e.g., age-0 giz-
zard shad abundance) factors. Juvenile giz-
zard shad were most likely to recruit into
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the adult population in years exhibiting low
age-0 shad abundance, warmer summer tem-
peratures, and warmer winters (Ward et al.
2006).

In contrast to Angostura Reservoir,
Lakes Francis Case and Sharpe exhibited
consistent recruitment of gizzard shad;
all year-classes were represented for age-3
and older fish (Figure 1). This result was
unexpected given that previous collections
of gizzard shad on Lake Sharpe from 1967
to 1974 indicated only one potential year-
class recruited during that time period (June
1987). However, stable recruitment of giz-
zard shad has been documented in other
reservoirs and may be linked to productivity
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Figure 1. Age structure for adult gizzard shad collected by daytime electrofishing from three
South Dakota reservoirs during spring 2004. Ages were determined from sagittal otoliths. An-
gostura data from Ward et al. (2006).
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and availability of thermal refugia. Gizzard
shad densities in oligo- or mesotrophic res-
ervoirs are low relative to more productive
waters; lower densities may result in consis-
tent recruitment of gizzard shad (DiCenzo
et al. 1996; Sammons et al. 1998; Clayton
and Maceina 2002). While not quantified,
densities of adult gizzard shad in Lakes
Sharpe and Francis Case are likely much less
than those of southern reservoirs. Further,
access to thermal refugia during the winter
months could reduce gizzard shad mortality
(Heidinger 1983; Porath 2006). Submerged
artesian wells are numerous throughout the
Missouri River in South Dakota (Davis et al.
1961), and adult gizzard shad have been com-
monly collected near known artesian wells in
both reservoirs (Graeb 2006). Recruitment
of adult gizzard shad in the Missouri River
may be related to both biotic (adult densi-
ties) and abiotic conditions (productivity and
water temperature).

Size structure and growth—Size structure
and growth of gizzard shad in South Dakota
differed markedly from those reported from
other areas. Gizzard shad size structures in
Angostura Reservoir and in Lakes Sharpe
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and Francis Case in 2004 were dominated by
large individuals that attained at least 320
mm total length (TL) by age 3 (Table 2).
Gizzard shad collected from Angostura Res-
ervoir attained larger lengths at each age on
average than those from the Missouri River
reservoirs (Table 2), but shad from all three
of the above reservoirs were larger than the
Texas average reported by Fagan and I'itz-
patrick (1978) and the national average re-
ported by Carlander (1969).

Analysis of growth patterns by age in
all three reservoirs indicated fast growth at
early ages and considerably slower growth
after age 3 (Table 2). Rapid growth is likely
related to low densities of adult gizzard shad
relative to other water bodies (Ward et al.
2006). Clayton and Maceina (2002) report-
ed that gizzard shad mean total length was
250-270 mm at age 2.5 but only 280-300
mm by age 7.5 in two Alabama reservoirs.
Growth of gizzard shad in Barataria Estu-
ary, Louisiana, also demonstrated an asymp-
totic growth pattern at or near age 3 (300~
325 mm TL) with a maximum TL of 352
mm for males and 425 mm for females (IFon-
tenot 2006). Thus, gizzard shad in southern

Table 2. Gizzard shad mean total length (mm) by cohort at time of capture in Angostura Res-
ervoir (N = 100) and in Lakes Francis Case (N = 58) and Sharpe (N = 118). All samples were
collected by electrofishing during April or May and all fish were aged with sagittal otoliths.
Comparison data are mean lengths at age from Carlander (1969; including his nationwide and
the highest average lengths from Kansas [KS7] to Oklahoma [OK] summaries) and from Fagan

and Fitzpatrick (1978; Texas [TX7).

Angostura Francis Case Sharpe
Age (SE, N) (SE, N) (SE, N) Nationwide KS-OK X
3 381 (3, 82) 387 (4, 14) 330 (4, 44) 284 363 249
4 396 (5, 25) 324 (5, 26) 318 411 262
5 4564 (15, 18) 858 (14, 14) 845 439 279
6 447 (2, 2) 432 (7, 2) 380 (16, 14) 328 429 303
7 477 (11, 4) 402 (24, 10) 333 401 368
8 388 (42, 3) 373
9 399 (26, 3) 406
10 441 (6, 16) 369 (52, 2) 399
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waters appeared to reach asymptotic length
at ages similar to South Dakota populations,
but at smaller mean lengths.

Adult mortality—Although adult giz-
zard shad were collected in Lakes Sharpe
and Francis Case and Angostura Reservoir,
low sample size and erratic recruitment
precluded calculation of total annual mor-
tality in Lake IFrancis Case and Angostura
Reservoir (Figure 2). Total annual mortal-
ity in Lake Sharpe was 30% (r = —0.96, P =
0.01) for ages 3—7. Gizzard shad populations
are often characterized as short-lived with
high natural mortality (Heidinger 1983).
Michaletz (1998) reported average annual
mortality rates of 62% for adult (=age-3)
gizzard shad in 15 Missouri reservoirs while
mortality rates of 66% were reported for
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adult shad in Claytor Lake, Virginia (Bonds
2000). No gizzard shad older than age-5
were collected in Barataria estuary, Louisi-
ana (Fontenot 2006). Mortality of gizzard
shad in Lake Sharpe appears to be low rela-
tive to more southerly waters; survival may
be related to low densities of gizzard shad,
relatively large sizes of shad prior to winter,
and availability of thermal refugia.

Gizzard Shad Reproduction and
Early Life History

Larval production—An important con-
cern for gizzard shad management in South
Dakota was the extent of reproduction given
the apparent low adult density in our north-
ern populations. Larval densities in the three

i
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Figure 2. Hatching date distribution (by week) for juvenile gizzard shad collected from three
Missouri River reservoirs in late July and early August, 2003 and 2004. Sagittal otoliths were
removed for aging and hatching date was determined by counting the number of daily growth
rings on the otoliths and then adding 3 d (the first daily ring is formed 3 d posthatch; Davis et

al. 1985).
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BOR reservoirs ranged from 3 to 722/100
m’ (Table 3). The one reservoir with an es-
tablished population of adult gizzard shad
(Angostura) had abundance estimates inter-
mediate to the two reservoirs in which pre-
spawn adult shad were stocked annually.
Larval gizzard shad densities in the Mis-
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souri River reservoirs equaled or exceeded
those of BOR reservoirs and ranged from 6
to 1,374/100 m’ (Table 3). However, larval
densities were 2—25 times greater in Hip-
ple Lake, a shallow backwater area in Lake
Sharpe (Table 8). These results suggest that
this area may be important for larval rearing

Table 3. Mean abundance estimates for larval gizzard shad indicating peak abundance docu-
mented in South Dakota reservoirs. All samples were collected with a 1-m-diameter conical trawl
towed for 5—10 min. Number of tows varied by reservoir (see Methods). A flowmeter mounted in
the trawl mouth allowed determination of water volume filtered per tow. Comparison data from

southern populations are provided.

Peak number/

Water body State Year 100 m* (SE) Source
Angostura SD 2004 29 (10) Ward (2005)
2005 63 (63)
2006 152 (152)
Belle Fourche SD 2004 558 (192) Ward (2005)
2005 722 (851)
2006 202 (108)
Francis Case SD 2004 32 (24) Graeb (2006)
2005 9 (5)
Lewis and Clark SD 2005 58 (47) Graeb (2006)
Shadehill SD 2004 3 (1) Ward (2005)
2005 34 (6)
2006 19 (5)
Sharpe (Hipple Lake) SD 2004 8,767 Graeb (2006)
2005 24,630
Sharpe (reservoir) SD 2004 6(3) Graeb (2006)
2005 1,374 (1,368)
Comparisons
Beaver Reservoir AR ~180 Netsch et al. (1971)
Clark Lake OH 8,400 Dettmers and Stein
(1992)
Claytor Lake VA 4—6 Bonds (2000)
Glen Elder Reservoir KS 4—150 Quist et al. (2004)
Kokosing Lake OH 8,400 DeVries and Stein (1992)
Lake Carl Blackwell OK ~4 Downey and Toetz (1983)
Lake Rathbun IA 1,000 Mayhew (1977)
Lake Texoma OK/TX 140 Kashuba and Matthews
(1984)
Normandy Reservoir TN 1-118 Sammons et al. (1998)
Smith Mountain Lake VA 50 Tisa et al. (1985)
Thomas Hill Reservoir MO 772 Haake (1979)
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and production and may supply substantial
numbers of gizzard shad to Lake Sharpe.

Assessments of larval gizzard shad den-
sities from South Dakota reservoirs indicat-
ed that production in northern latitudes can
equal or exceed that in southerly populations
(Table 8). Abundance of larval gizzard shad
has been linked to biotic (e.g., low adult den-
sities and high adult female condition [Wil-
lis 1987; Miranda and Muncy 19887) and
abiotic conditions (e.g., water temperature
and rising water levels that trigger spawn-
ing activity [Shelton et al. 1982; Willis 1987;
Michaletz 19977).

Dynamics of juvenile gizzard shad—
Juvenile gizzard shad abundance catch per
unit effort as indexed by electrofishing in
BOR reservoirs varied between 14 and 38,734
fish/h between summer 2004 and 2006
(Table 4). Belle Fourche Reservoir had con-
sistently greater numbers of juveniles, and
the least number of juvenile shad were col-
lected in Shadehill Reservoir in 2005. No
estimates of relative abundance from were
available from seining in the Missouri River
or BOR reservoirs, due to lack of effort in-
formation. Studies in southern waters have
used summer or autumn seining to index ju-
venile abundance (e.g., Willis 1987; Ploskey
et al. 1990) or trawls (Michaletz et al. 1995;
Boxrucker et al. 1995); thus, abundance com-
parisons are difficult. Aday et al. (2003) re-
ported that autumn abundance of age-0 giz-
zard shad electrofishing (AC) catch per unit
effort ranged from 30 to 228 fish/h over 2
years in six smaller central Illinois reser-
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voirs. While electrofishing afforded more
precise estimates of abundance compared to
seining in BOR reservoirs of South Dakota
(Ward 2005), the use of alternative tech-
niques (e.g., hydroacoustics) may provide
even higher accuracy (Aday et al. 2003).

Hatch-date distributions from juvenile
gizzard shad indicated high variations in re-
production, both among waters and between
years. In the three Missouri River reservoirs,
gizzard shad spawning appeared to last 5—7
weeks, with peak hatches typically occurring
in late May or early June (Figure 2). Gizzard
shad appeared to hatch later in 2004 than in
2003 in two reservoirs, likely due to below
normal temperatures experienced in 2004,
which may have delayed shad spawning (Mi-
chaletz 1997). Results from BOR reservoirs
indicated a shorter spawning period of 3—6
weeks, with peak activity in mid-June (Ward
2005). However, juvenile estimates of hatch
duration in all six reservoirs are likely con-
servative given that larval gizzard shad (<10
mm TL) were often collected in mid- to late
July (Ward 2005; Graeb 2006). Protracted
spawning of gizzard shad is not uncommon;
spawning periods of 6 weeks were reported
tor Kansas reservoirs (Willis 1987) and Bea-
ver Reservoir, Arkansas (Netsch et al. 1971).
Timing and duration of spawning is often
considered important in management of
gizzard shad as prey (Willis 1987; Michaletz
1997).

Daily growth rates of juvenile gizzard
shad were similar among all six reservoirs.
Between 2004 and 2005, growth varied

Table 4. Late summer mean catch per unit effort (number/h) for age-0 gizzard shad collected
from three South Dakota reservoirs using daytime electrofishing. Standard errors of the mean

are provided in parentheses.

Year Angostura Belle Fourche Shadehill
2004 76 (34) 46 (31) 9(9)
2005 852 (94) 916 (302) 14 (13)
2006 457 (139) 3,734 (802) 556 (154)
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from 0.73 to 1.5 mm/d in the BOR reser-
voirs (Ward 2005). Growth in the three Mis-
souri River reservoirs ranged from 0.7 to 1.2
mm/d in 2008 and 2004 (Figure 3). Cooler
water temperatures in the Missouri River
in 2004 may have caused slower growth of
age-0 gizzard shad than in 2003. Michaletz
(1997) estimated that average growth of’ ju-
venile gizzard shad was 0.66 mm/d in res-
ervoirs of southwest Missouri. However,
growth may vary within and among cohorts
(Michaletz 1997).

Gizzard Shad Community
Interactions

Gizzard shad are often the most important
prey species for percids in Midwestern U.S.
reservoirs (Momot et al. 1977; Stahl and
Stein 1994; Carlander 1997; Donovan et al.
1997; Quist et al. 2004; Sieber Denlinger
et al. 2006), which also appears to be true

1.4 1
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for shad in South Dakota. Prior to gizzard
shad introductions in Shadehill Reservoir,
walleyes primarily consumed invertebrates,
suggesting that prey fish abundance was
limited (Slipke and Dufty 1997). Gizzard
shad were introduced to supplement prey
supply in BOR reservoirs beginning in the
early 1990s. Recent studies of walleye food
habits in these reservoirs have indicated that
gizzard shad comprise a substantial propor-
tion of walleye diets (90-100% by weight)
from midsummer to September (Ward et al.
2007). Since gizzard shad were introduced
into Angostura Reservoir in 1990, both
walleye relative abundance (based on catch
per effort in annual, standardized gill-net
samples) and growth have increased (Ward
et al. 2007). Further, walleyes in Angostura
Reservoir actually lost weight from April
through July but grew rapidly in August and
September when gizzard shad became avail-

2003
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Figure 8. Growth rates (mm/d) of juvenile gizzard shad in three Missouri River reservoirs.
Daily growth of juvenile gizzard shad was determined by taking total length at time of capture
in late July and early August, subtracting 5 mm for length at hatching, and dividing by the age
of the fish in days (Bremigan and Stein 1999). Error bars represent one standard error of the

mean.
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able (=25 mm TL; Figure 4). Similar growth
patterns have been observed in Pymatuning
Sanctuary, Pennsylvania (Kocovsky and Car-
line 2001), and Glen Elder Reservoir, Kan-
sas (Quist et al. 2002), where gizzard shad
were not substantial components of walleye
diets until late summer. Further, Santucci
and Wahl (1993) noted that walleye growth
increments averaged 60 mm/year higher in
systems where gizzard shad was the primary
prey source versus systems with centrarchid
or cyprinid prey bases.

The Missouri River reservoirs contain
a more diverse prey fish community than
the western irrigation reservoirs (Miller et
al. 2006; Sorensen and Knecht 2006; Adams
2007; Lott et al. 2007; Potter and Lott 2007),
but gizzard shad have become a primary diet
component of piscivorous fish in all of these
systems. Gizzard shad were reestablished in
Oahe Reservoir in the late 1990s, and shad
quickly became a substantial component of
walleye diets (often 30-90% by number) dur-
ing fall and winter months (Hanten 2006;
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Graeb et al. 2008, this volume). Wickstrom
(2006) reported that gizzard shad were an
important prey item for walleyes and saugers
Sander canadensis in Lewis and Clark Reser-
voir, particularly during autumn. Consump-
tion of gizzard shad rather than other avail-
able prey such as yellow perch Perca flavescens
or emerald shiners Notropis atherinoides is
probably due to increased predation success
on shad relative to other fishes (Wahl and
Stein 1988; Einfalt and Wahl 1997).

While gizzard shad do provide benefits
to recreational fisheries, they also create
many concerns (Dettmers and Stein 1992;
DeVries and Stein 1992; Stein et al. 1995;
Roseman et al. 1996; Donovan et al. 1997).
Larval gizzard shad can influence zooplank-
ton populations through predation or com-
petitive herbivory (i.e., middle-out effects on
tood webs; DeVries and Stein 1992). Howev-
er, timing of gizzard shad hatching appears
important in interactions with other age-0
species. In southern systems, gizzard shad
often spawn during early spring and quick-
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Figure 4. Mean walleye weight (i.e., empirical data) for age-2 through age-5 cohorts from April
5, 2004 until September 8, 2004 in Angostura Reservoir, South Dakota. Commencement of
age-0 gizzard shad consumption by walleye corresponds to July 23, 2004. Figure reprinted with

permission from Ward et al. (2007).
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ly outgrow gape limitations of age-O cen-
trarchid predators such as largemouth bass
Micropterus salmoides (Carline et al. 1984
Storck 1986; Garvey and Stein 1998; Allen
et al. 1999; Kim and DeVries 2000). How-
ever, dynamics between percids and gizzard
shad appear to be different. Timing of giz-
zard shad reproduction appears to be later
at the northwestern edge of their range,
leaving age-0 shad vulnerable to predation
by age-0 walleyes (20—-30 mm TL; Momot et
al. 1977; Carlander 1997; Quist et al. 2004).
Furthermore, timing of diet shifts of gizzard
shad may alleviate competition with other
percid planktivores. Michaletz et al. (1987)
tound that larval gizzard shad in Lake Fran-
cis Case initially fed mostly on zooplankton
but gradually switched to algae and detritus;
gizzard shad did not consume zooplankton
after July. Age-0 yellow perch in Lake Fran-
cis Case did consume zooplankton until July
but then switched to insectivory (Michaletz
et al. 1987). Thus, competition between the
two species may be minimized during the lat-
ter half’ of the growing season. Differences
in dynamics of age-0 gizzard shad in South
Dakota compared to southerly populations
may enhance their benefits to recreational
fisheries (DeVries and Stein 1992; Quist et
al. 2008).

Management Implications

Managing gizzard shad populations to en-
hance prey availability is often approached
with caution because of the many poten-
tial direct and indirect negative effects of
shad on aquatic ecosystems. For example,
through middle-out food web linkages (Stein
et al. 1995), gizzard shad can reduce crus-
tacean zooplankton abundance (DeVries and
Stein 1992), decrease growth of planktivores
(Aday et al. 2003), and quickly outgrow gape
widths of predators in some systems (Garvey
and Stein 1998). As such, much research has
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tocused on how to control (i.e., reduce) adult
gizzard shad abundance.

Based on our research, we believe that
gizzard shad have the potential to greatly
enhance the growth rate and size structure
of piscivores in South Dakota reservoirs.
Currently, multiple systems exist in which
adult gizzard shad density is maintained at
low levels by high overwinter mortality of
juveniles, but at a level sufficient for annual
production of larval and juvenile shad as a
prey sources for predators. IFurthermore,
timing of gizzard shad production plays a
role in competitive interactions and in their
vulnerability to age-0 and older predators.
Thus, the potential negative effects of mid-
dle-out food web linkages (Stein et al. 1995)
are minimized.

Despite the current status of gizzard
shad populations in South Dakota, we specu-
late that climate changes could substantially
affect both shad population dynamics and
predator—prey interactions in the future.
Given the likelihood for increased warming
in the northern Great Plains (Poiani et al.
1996) and subsequent effects on fish distri-
butions (Schindler 2001; Stefan et al. 2001),
gizzard shad may become more dominant
in the fish communities of these reservoirs.
Distribution of gizzard shad in the Dakotas
has recently expanded. Once believed to be
excluded from Lake Oahe (Bailey and Allum
1962; Carufel and Witt 1963), gizzard shad
recolonized the reservoir from already estab-
lished populations upstream beginning in the
late 1990s, and a naturally recruiting popula-
tion has since developed (Hanten 2006; Graeb
et al. 2008). FFurthermore, gizzard shad have
been introduced into several North Dakota
reservoirs, and survival of juveniles has been
documented in these waters (Gangl 2007).

Increases in temperature would also
lead to longer growing seasons and shorter
winters, with longer growing seasons poten-
tially allowing age-0 gizzard shad to reach
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larger sizes prior to winter that, combined
with shorter winter duration, could result
in increased recruitment and subsequent
greater density and biomass of adults. This
could benefit gizzard shad management, as
biologists may no longer have to stock adult
gizzard shad in BOR reservoirs to maintain
populations. However, as gizzard shad popu-
lation abundance becomes less restricted by
winter mortality, South Dakota reservoirs
may become more prone to the negative
middle out eftects common in more southerly
populations (Stein et al. 1995). High gizzard
shad biomass could result in South Dakota
biologists suddenly needing to control adult
shad abundance through strategies such as
predator stocking (Dettmers et al. 1998), use
of piscicides (Wydoski and Wiley 1999), and
watershed management (Vanni et al. 2005).

Research on native and introduced giz-
zard shad populations in South Dakota
provided insights on shad dynamics that
are useful for predator—prey management.
However, some key information on adult, ju-
venile, and larval dynamics is still lacking.
Current research is examining the effects of
climate and reservoir operation on factors af-
tecting reproductive timing of adult gizzard
shad, abundance of age-0 shad, and subse-
quent overwinter survival in South Dakota
reservoirs. IFuture management and research
needs include monitoring reproduction pat-
terns of adult gizzard shad and abundance
of age-0 shad, examining potential middle-
out food web eftects that shad may impose,
and determining which abiotic and biotic
factors affect adult shad recruitment and
mortality.
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