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Differences in Angler Catch and Exploitation of Walleye from Virginia Waters
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Abstract: Walleye (Sander vitreus) were collected during late winter–early spring in 2008–2011 at seven sites across Virginia to evaluate angler catch and 
exploitation. A total of 3116 walleye were tagged with FD94 T-bar Floy tags at four small impoundments (<200 ha), two large impoundments (>200 ha), 
and the New River during the course of the study. Anglers were offered a US$20 reward for the return of each tag, and 530 tags (17%) were returned. 
Adjusted annual catch rates ranged from 15%–61%, with a mean of 29%. Annual exploitation ranged from 2%–29% with a mean of 12%. Mean total 
length (TL) of angler-caught walleye was largest in large impoundments (489 mm), next largest in the New River (465 mm), and smallest in small im-
poundments (418 mm; P < 0.001). Mean TL of walleye harvested from small impoundments (462 mm) were smaller than those harvested from large 
impoundments (508 mm) or rivers (507 mm) (P < 0.001).
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Populations of walleye (Sander vitreus) have long been re-
garded as an important component of sport fisheries in much of 
the northern United States and Canada, and have also been intro-
duced into many southern U.S. waters to create additional fisheries 
(Kerr 2011). A key component of managing sport-fish populations 
and developing appropriate regulations is determining the amount 
of exploitation that can be sustained without substantially degrad-
ing the population. This is especially important for recreational 
walleye fisheries that are largely harvest-oriented and maintained 
through stocking. Angler effort and exploitation of walleye likely 
vary across geographic location, regulations, water body type, and 
fish densities, which makes prediction and management of ex-
ploitation difficult (Schmalz et al. 2011). Strategies around North 
America to manage walleye populations have come in the form of 
harvest regulations, stocking, and habitat protection or manipu-
lation (Isermann and Parsons 2011). Unfortunately, exploitation 
rates are rarely documented for most walleye populations making 
it difficult to determine the need for harvest regulations (Schmalz 
et al. 2011). Tagging studies are commonly used to determine 
population impacts and angler exploitation of a variety of fisheries 
(Serns and Kempinger 1981, Larson et al. 1991, Muoneke 1994, 
Pegg et al. 1996), but few of these have been conducted on south-
ern U.S. walleye fisheries.

Walleye fry and fingerlings have been stocked into numerous 
Virginia waters for 60 yr to provide new angling opportunities in 

the state. Historically, little emphasis was placed on establishing 
quality walleye populations in Virginia and, as a result, <2% of the 
state’s anglers that fished in stocked walleye waters from 1978 to 
1995 listed walleye as their preferred species due to low catch rates 
(Steinkoenig 1997). Subsequently, management goals and objec-
tives were developed to establish high-quality walleye populations 
and increase angling interest, which resulted in improved popu-
lations and an increasing walleye angler constituency (Hampton 
2000). In Virginia, all walleye populations but those in the New 
River are sustained by stocking at an annual rate generally be-
tween 20 and 40 fish ha–1 for impoundments and between 300 and 
1,250 fish km–1 for lotic systems; therefore, specifically managing 
spawning-stock size to prevent population collapse is usually not 
important to maintain these fisheries. However, maintaining pop-
ulations that can sustain increasing angler pressure while continu-
ing to fulfill angler expectations is vital. Determining appropriate 
regulations to maintain their populations is further complicated 
by Virginia’s diverse walleye waters (small impoundments, large 
impoundments, and rivers), each providing a potentially different 
management approach to maintain desired populations.

Thus, our objectives were to (1) estimate angler catch and ex-
ploitation, (2) evaluate whether exploitation was affecting the size 
structure, and (3) determine if angler use varied among water 
body types.
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Methods
Walleye populations were monitored at seven sites across Vir-

ginia from 2008 to 2011. Walleye were collected by boat electro-
fishing during late winter and early spring and tagged with FD94 
T-bar Floy tags. We attempted to tag 100 walleye each year at four 
small impoundments (<200 ha) and the New River, and 250 wall-
eye at the large impoundments (>200 ha) (Table 1). Sequentially 
numbered Floy tags were printed with “Reward” and the address 
and phone number of the local Virginia Department of Game and 
Inland Fisheries (VDGIF) office. Each fish was measured (total 
length [TL]), weighed (g), sexed, and tagged near the posterior 
terminus of the spiny dorsal fin prior to release. Tagging was dis-
continued at Lake Whitehurst in 2010 due to loss of public access. 
Lake Orange was added as a replacement small impoundment be-
cause it offered both a good walleye fishery and good public access. 

Multiple media outlets were used to notify anglers about the 
study; information about the survey was disseminated via press 
releases, newspaper articles, outdoor magazines, and the VDGIF 
website (MacRitchie and Armstrong 1984, Muoneke 1992). Also, 
posters explaining the tagging program were displayed at each wa-
terbody to provide anglers with information on how to return tags 
for a US$20 reward. In order to receive the reward, anglers were 
required to submit the tag, catch date, and state whether the fish 
was harvested or released. Postage-paid envelopes with required 
angler catch information were available at lake concession facili-
ties, VDGIF offices, and local tackle shops.

Catch rate for this study included the number of fish caught 
regardless of fate (harvested or released). Annual catch rate was 
calculated as the number of tags returned each year divided by 
the total number of fish tagged each year. At least 10% of the fish 
tagged at each study site were double tagged annually to estimate 
tag loss (Miranda et al. 2002). Tag retention was calculated from 
the proportion of double tagged fish caught by anglers that lost 
and retained tags (Muoneke 1992). Angler survey cards were used 
to estimate non-reporting (Zale and Bain 1994). Thirty postage-
paid postcards were handed to anglers fishing at each study area 
each year. The postcards contained five multiple-choice questions, 
a space for the angler’s return address, and a statement that a re-
ward of $20 was offered for the return of the card. The proportion 
of postcards returned each year was used to estimate response rate. 
Adjusted annual catch rate (Cadj) was calculated by the equation:

Cadj = annual catch rate/(tag retention x response rate)
Annual harvest rates were only determined from the catch 

information provided by anglers with tag returns that indicated 
whether the fish was harvested or released. Annual harvest rates 
were calculated as the proportion harvested. Adjusted annual 

catch rates and harvest rates were used to estimate annual exploi-
tation (u) by the equation:

u = Cadj x annual harvest rate
For study sites with minimum length limit regulations in place 

we compared annual catch, harvest, and exploitation of legal-sized 
fish to other non-restrictive waters.

Minitab Statistical Software Release 12 was used for data analy-
ses and statistical tests. ANOVA was used to test for significant dif-
ferences among study sites and years. Significant differences were 
analyzed with a Fisher’s pairwise comparison test. All statistical 
tests were conducted at α = 0.05. 

Results
A total of 3116 walleye were tagged across all water bodies dur-

ing the course of this study (Table 1). Tags were returned from 530 

Table 1. Number of walleye tagged, number of tagged walleye returned by anglers (Returned), 
adjusted catch rate (Cadj), harvest rate, and exploitation rate (u) in seven Virginia waterbodies during 
2008–2011. Waterbody types were River (R), Small Impoundment (SI), and Large Impoundment (LI). 
Mean (± SD) Cadj, harvest, and exploitation rates with the same superscripts were similar (Fisher’s 
pairwise comparison test, P > 0.05).

Waterbody Type Year
Number 
tagged

Number 
returned

Catch  
rate

Cadj  
rate

Harvest rate 
(%) u (%)

New River R 2008 101 19 19 29 26 8

2009 100 24 24 37 17 6

2010 100 16 16 25 6 2

2011 300 34 11 17 12 2

Mean 27bc ± 8 15d ± 8 4c ± 3

Lake Brittle SI 2008 91 24 26 41 50 20

2009 105 24 23 35 33 12

2010 100 17 17 26 18 5

2011 105 22 21 32 5 2

Mean 33b ± 6 27cd ± 19 10bc ± 8

South 
Holston

LI 2008 250 46 18 28 65 18

2009 250 41 16 25 88 22

2010 250 40 16 25 70 17

Mean 26bc ± 2 74a ± 12 19a ± 3

Hungry 
Mother

SI 2008 100 20 20 31 45 14

2009 60 10 17 26 80 21

2010 100 18 18 27 61 17

Mean 28bc ± 3 62ab ± 18 17ab ± 3

Orange SI 2010 102 19 19 29 68 20

2011 50 10 20 31 20 6

Mean 30bc ± 1 44bc ± 34 13abc ± 10

Philpott LI 2009 249 25 10 15 52 8

2010 250 27 11 17 52 9

2011 258 34 13 20 56 9

Mean 17c ± 2 53ab ± 2 9bc ± 0

Whitehurst SI 2008 90 18 20 31 33 10

2009 105 42 40 61 48 29

Mean 46a ± 22 41bcd ± 11 20a ± 14
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of these tagged fish, and 73 of those were double tagged. Because 
the number of double-tagged fish caught at each study site each 
year was low (0 to 12 fish), we pooled annual tag loss data and 
calculated an overall mean. The overall mean tag loss (12%, SD = 3) 
was used to adjust annual catch rates.

Non-response rates ranged from 7% to 80% across locations 
during this study (Table 2). Site-specific, non-response rates for 
small impoundments varied from 37% to 80% (mean = 56%, 
SD = 14), and resulted in adjusted catch rates exceeding 100%. 
Thus, annual non-response rates from the New River and the two 
large impoundments, which ranged from 7% to 47% (mean 26%, 
SD = 17), were pooled to calculate an overall non-response rate for 
this study. A non-response rate of 26% was used for all waters to 
adjust annual catch rates.

Adjusted annual catch rates ranged from 15% to 61% (Table 1). 
Mean adjusted catch rates were significantly different among sites 
(F = 3.2, df = 6, P = 0.03) (Figure 1). Mean adjusted catch rates were 
higher at small impoundments (34%) than the New River (27%) 
or large impoundments (22%) (F = 3.72, df = 2, P = 0.04) (Figure 2). 
The overall mean adjusted annual catch rate for all water bodies 
was 29% (SD = 10).

The percentage of tagged fish that were reported as harvested 
varied among the different waters (F = 5.6, df = 6, P = 0.004) (Table 
1). Mean harvest was also different among the three water body 
types (F = 8.1, df = 2, P = 0.003). Annual harvest rate was lower at 
the New River (mean = 15%, SD = 8), than at small impoundments 
(mean = 42%, SD = 23) and large impoundments (mean = 64%, 
SD = 14). The overall mean annual harvest was 43% (SD = 25). 

Annual exploitation ranged from 2% to 29% (mean = 12%, 
SD = 8) (Table 1). Mean annual exploitation varied slightly across 
the seven study sites (F = 2.79, df = 6, P = 0.053) (Table 1, Figure 1), 
but was similar among the three water body types (F = 3.05, df = 2, 
P = 0.07). However, mean annual exploitation was more than 
three-fold higher at small and large impoundments than the New 
River. Overall mean annual exploitation was 12% (SD = 8).

Three of the study impoundments had 457-mm minimum total 
length limit regulations for walleye during the entire study (Hun-
gry Mother Lake, Philpott Reservoir, and South Holston Reser-
voir). Adjusted annual catch rates for walleyes greater than 457 
mm in these waters ranged from 13% to 36% (mean = 25%, SD = 9) 
(Table 3). Annual harvest rates of legal-sized tagged fish in lakes 
with a 457-mm minimum length limit ranged from 57% to 100% 
(mean = 79%, SD = 16) (Table 3). Annual harvest rates of legal sized 
fish in these lakes were 25% higher in the two large impoundments 
(mean = 85%, SD = 13) than in Hungry Mother Lake (mean = 68%, 
SD = 17); however, the differences were not significant (F = 2.9, 
df = 1, P = 0.13). Annual exploitation of legal-sized fish from regu-

Table 2. Non-response rate determined for tagged walleye caught by Virginia anglers from seven 
study sites, 2008–2011. Double tagged fish are denoted as DT.

Waterbody Year
Non-response

rate (%)
DT fish

caught/reported
DT fish 

lost one tag

New River 2008 47 0 0

2009 20 2 1

2010 13 2 0

2011 7 5 2

Mean 22

Lake Brittle 2008 56 2 0

2009 70 2 1

2010 80 2 0

2011 43 2 0

Mean 62

South Holston 2008 10 5 3

2009 31 6 0

2010 7 12 2

Mean 16

Hungry Mother 2008 37 3 0

2009 45 1 0

2010 50 2 1

Mean 44

Orange 2010 70 3 2

2011 43 0 0

Mean 57

Philpott 2009 40 2 1

2010 37 9 0

2011 47 9 0

Mean 41

Whitehurst 2008 67 1 0

2009 60 3 0

Mean 64

Figure 1. Mean adjusted catch and exploitation rates of walleye caught from river, large impound-
ment, and small impoundment sites located around Virginia from 2008–2011.
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lated impoundments ranged from 9% to 28% (mean = 19%, SD = 6) 
(Table 3). 

A 508-mm minimum length limit was in place on the New 
River from 2008 through 2010. Adjusted annual catch rates for 
walleye greater than 508 mm ranged from 20% to 45% (mean = 32, 
SD = 13) (Table 3). Harvest of legal-sized fish from the New River 
ranged from 50% to 75% (mean = 58%, SD = 14) (Table 3), and an-
nual exploitation ranged from 10% to 34% (mean = 20%, SD = 13) 
(Table 3). 

The mean TL of all walleye tagged during the study was 456 
mm (SD = 83). Walleye tagged in the large impoundments were 

larger (mean TL = 482 mm, SD = 57) than those tagged in the 
New River (mean TL = 465 mm, SD = 70) or small impoundments 
(mean TL = 413, SD = 102) (F = 251.89, df = 2, P < 0.001). The mean 
TL of all tagged walleye caught by anglers was 455 mm (SD = 86.5). 
Mean TL of angler-caught walleye was highest in large impound-
ments (489 mm, SD = 62), followed by the New River (465 mm, 
SD = 62) and small impoundments (418 mm, SD = 100) (F = 42.7, 
df = 2, P < 0.001) (Table 4). The mean TL of all tagged walleye har-
vested by anglers (491 mm, SD = 79) was higher than the mean 
TL of those tagged or caught (F = 20.2, df = 2, P < 0.001). Mean 
TL of walleye harvested from the large impoundments (509 mm, 
SD = 56) and the New River (507 mm, SD = 74) were higher than 
the mean TL of walleye harvested in the small impoundments (462 
mm, SD = 98) (F = 10.5, df = 2, P < 0.001) (Table 4).

Discussion
Prior to this study, Virginia’s fisheries managers had limited 

data on angler catch and exploitation of walleye. In this study, wall-
eye adjusted annual catch rates varied among waterbody (range 
15%–61%), with small impoundments exhibiting the highest rates 
and highest potential for over exploitation. Small impoundments 
(<200 ha) used in this study typically were shallower and habitat 
more limited than large impoundments and the New River, which 
may make walleye more accessible to anglers and more susceptible 
to catch. These water bodies sustain higher levels of angler usage 
per surface area (VDGIF 2008) and are stocked at higher rates 
than large impoundments increasing angler odds to catch walleye. 

Exploitation during this study ranged from 2%–29%, which 
was similar to the range observed in a study by Baccante and Col-
by (1996) that compared 46 North American walleye populations. 
Exploitation was likely underestimated for certain waterbodies, 
especially in the case of small impoundments. This study used a 
non-reporting rate based on the average of the large impound-
ments and the New River (26%) to account for the number of tag 
returns for all waters. In some instances, specific waterbody non-
reporting rates were much higher than 26% (small impoundment 
range = 37%–80%, mean = 56%), which resulted in some estimated 
catch and exploitation rates over 100%. Since catch and exploita-
tion rates near 100% are unlikely, and neither can exceed 100%, 
non-reporting rates from small impoundments were likely biased 
high. Similar trends in low postcard response rates have been 
reported in other studies (Weaver and England 1986, Zale and 
Bain 1994, Maceina et al. 1998, Quist et al. 2010) and have been 
associated with low reward values and/or poor publicity. There 
is much uncertainty in determining angler compliance and esti-
mates can be untrustworthy (Miranda et al. 2002). Miranda et al. 
(2002) summarized other methods to estimate exploitation, with 

Figure 2. Mean adjusted catch and exploitation rates of walleye from seven sites located 
around Virginia from 2008–2011.

Table 3. Number tagged and returned, catch rate (Catch), adjusted catch rate (Cadj), harvest and 
exploitation (u) rates of walleyes in four populations managed with a minimum-length limit (MLL) 
during the entire study, 2008–2011. All were managed with a 457-mm MLL except for the New 
River, which was managed with a 508-mm MLL. 

Waterbody Year

Number 
tagged

above MLL

Number 
returned

above MLL Catch Cadj

Harvest  
(%) u (%)

Hungry Mother 2008 59 14 0.24 0.36 58 21

2009 38 8 0.21 0.32 88 28

2010 75 14 0.19 0.29 57 16

Philpott 2009 147 13 0.09 0.14 100 14

2010 170 14 0.08 0.13 71 9

2011 141 20 0.14 0.22 70 15

South Holston 2008 184 42 0.23 0.35 80 28

2009 210 35 0.17 0.26 97 25

2010 217 26 0.12 0.18 92 17

New River 2008 42 8 0.19 0.29 50 15

New River 2009 17 5 0.29 0.45 75 34

New River 2010 15 2 0.13 0.20 50 10
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all methods having significant drawbacks, and suggested that re-
searchers might benefit by augmenting tagging studies with other 
metrics like fish growth, population size structure, fish condition, 
and annual mortality. In cases of uncertainty, researchers can use 
these population metrics to validate exploitation estimates (Ma-
ceina et al. 1998).

Harvest regulations represent one of the most common tools 
utilized by fisheries managers to manipulate walleye exploitation 
rates (Barton 2011), and harvest restrictions tempered exploitation 
of walleye populations in this study. Throughout the study, exploi-
tation was the lowest in waters with previously established harvest 
restrictions, and exploitation dropped considerably (up to 90%) in 
all previously unregulated waters after a regulation change. Prior 
to the initiation of our study in 2008, walleye were regulated with a 
457-mm length limit on three waters (Hungry Mother Lake, Phil-
pott Reservoir, and South Holston Reservoir) to protect younger 
fish and to shift walleye harvest to larger size classes. In 2011, the 
457-mm minimum length limit for walleye was expanded state-
wide except the New River to increase walleye size structure in all 
Virginia waters. To protect a genetically unique walleye stock in 
the New River (Palmer et al. 2007), a 483- to 711-mm protected 
slot with a two-fish-per-day bag limit was enacted in 2011 from 
February to May to protect spawning females. Walleye regulations 
from June to January revert to a 508-mm minimum length limit 
with a five per day creel. During 2008–2009, 86%–100% of all New 
River walleye tag returns originated during the spawning season, 
which validated the results of a 2007 angler survey that indicated 
that the majority of the fishing pressure for walleye in the New 
River occurred between February and April (VDGIF 2008). 

Exploitation can negatively affect fish populations through 
growth and recruitment overfishing (Regier and Loftus 1972, Jen-
sen 1991, Quist et al. 2010, Schmalz et al. 2011). Recruitment over-
fishing is of little concern in most of Virginia’s walleye fisheries 
other than the New River walleye fishery due to populations sus-
tained by annual stocking. During our study, mean exploitation of 
New River walleye was low at approximately 5%, and not at levels 
high enough to cause recruitment overfishing (40%–50%) (Quist 
et al. 2010).

However, growth overfishing is a concern in Virginia’s walleye 
fisheries due to observed catch rates and the potential for over 
exploitation. Catch estimates were significantly higher in small 
impoundments than other waterbodies, presenting the highest 
potential for over exploitation. Although exploitation rates ob-
served in this study were relatively low when compared to values 
associated with over exploited walleye fisheries (≥40%; Quist et 
al. 2010, Schmalz et al. 2011), exploitation appeared to affect size 
structure of walleye populations in Virginia. Population sampling 

data showed that the majority (85%) of walleye collected in the up-
per New River were less than the 508-mm minimum length limit, 
suggesting that anglers were removing most fish that reached legal 
size. Growth overfishing was most evident at Lake Brittle (harvest 
mean TL = 345 mm), as documented mean harvested TL at most 
other sites were much higher (mean TL range 481–524 mm). In 
addition, large specimens were absent from our Lake Brittle sur-
veys, further suggesting that this fishery was highly impacted by 
anglers (VDGIF, unpublished data).

Walleye fishing pressure has increased in Virginia (Hampton 
2000) and this study revealed that different populations are ex-
ploited at different levels. This indicates managers may have to uti-
lize different strategies based on waterbody types and angler habits 
to maximize walleye populations. Larger water bodies in Virginia 
typically have large walleye populations, offering anglers the great-
est opportunity to harvest walleye, and sustained annual stockings 
may allow managers to liberalize creel limits. However, on smaller 
water bodies where catch rates are higher, the impact of high ex-
ploitation on populations will need to be reduced by more strin-
gent regulations. Additionally, Virginia’s small impoundments are 
annually stocked with overall fewer walleye solely based on wa-
ter body size. As a result, managers may have to increase stocking 
rates in Virginia small impoundments to maintain desired walleye 
populations. In an economic environment where limited resourc-
es demand the highest return on investments, fisheries managers 
must consider variable angler behaviors on different water body 
types in conjunction with biological parameters.
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