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Abstract.—Recruitment is one of the most important factors influencing fish population dynamics, and

although long-term data are probably the best source of information for explaining recruitment dynamics,

such data are often unavailable due to logistic or monetary constraints. Consequently, a number of indices

have been developed to index recruitment variability and year-class strength from a single sample. The

purpose of this study was to compare two indices, the recruitment variability index (RVI) and recruitment

coefficient of determination (RCD), with empirical estimates of walleye Sander vitreus recruitment variability

in eight Kansas reservoirs. In addition, Studentized residuals from catch curves were compared with empirical

estimates of year-class strength. Empirical estimates of recruitment variability were not related to RCD or RVI

values from a single sample, and Studentized residuals from catch curves did not adequately index walleye

recruitment for any of the study populations. Sampling bias was probably not the cause for the observed

patterns, but examination of age-specific mortality rates indicated that mortality differed among ages (e.g., the

mortality of age-2 fish was less than that of age-3 and older fish) and that mortality of a given age differed

through time (i.e., the mortality of age-3 fish varied among years). These results suggest that angler behavior,

in response to strong and weak year-classes, may affect the ability of indices to adequately assess recruitment

dynamics. Mean RVI values estimated from multiple years of age structure data were significantly correlated

with empirical estimates of walleye recruitment variability, suggesting that the RVI may be useful for

indexing recruitment when data are available for more than 1 year. Although the indices examined in this

study provide adequate assessments of recruitment dynamics for many fish populations, these results illustrate

the importance of differential mortality among age-groups on index values and suggest that some form of

index validation is necessary prior to their use.

Growth, mortality, and recruitment are the three

primary factors (i.e., rate functions) influencing fish

population dynamics (Ricker 1975). Although growth

and mortality are critical factors regulating fish

populations, recruitment is often viewed as the

governing and most variable of the three rate functions

(Ricker 1975; Gulland 1982). Recruitment variability

contributes to uncertainty in fisheries management and

may increase complexity associated with characterizing

fish populations. For instance, recruitment variation

can affect estimates of size structure (Gabelhouse 1984;

Buynak and Mitchell 2002), growth (Gardiner and

Shackley 1991; Pope et al. 2004), and mortality

(Ricker 1975; Allen 1997), and may obscure popula-

tion responses to management actions (Allen and Pine

2000; Buynak and Mitchell 2002). Consequently,

understanding recruitment dynamics of fishes is critical

for management and has been the focus of numerous

studies (e.g., Larkin 1978; Miller et al. 1988; Frank and

Leggett 1994). Most research on recruitment dynamics

has focused on the influence of abiotic and biotic

processes on year-class strength (e.g., Hall and

Rudstam 1999; Nunn et al. 2002; Coutant 2004).

Understanding conditions related to year-class strength

has obvious importance, but measures of recruitment

variability (i.e., recruitment stability, absolute measures

of variance) are also important for developing a

comprehensive understanding of fish population dy-

namics. Recruitment variability of a species across

different systems or periods in the same system may

help identify spatial and temporal variation in environ-

mental conditions (Guy and Willis 1995; Michaletz

1998; Pope and Willis 1998). For instance, Guy and

Willis (1995) found that recruitment of black crappie

Pomoxis nigromaculatus in South Dakota was more

variable and missing year-classes were more common

in natural lakes than in impoundments. Differences in

recruitment among lake types were thought to be the

result of wind action and the frequency of high-water

levels. Moreover, recruitment stability was closely

related to catch rates, growth, and condition of black

crappie in the study systems. Thus, understanding

recruitment variability and year-class strength provides

important knowledge of factors influencing fish

population structure and dynamics, which is necessary

for making and evaluating management decisions.
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Assessing recruitment (i.e., year-class strength and

variability) is probably best achieved using long-term

data collected with standardized methods, but these

data are often unavailable because of logistic or

monetary constraints. In response to these limitations,

a number of methods have been recently developed to

index recruitment variability and year-class strength;

these methods use age structure data obtained from

one-time samples. Two methods have been proposed to

index recruitment variability. The first method, the

recruitment variability index (RVI), was developed by

Guy and Willis (1995) and is estimated as follows:

RVI ¼ ½SN=ðNM þ NPÞ� � ðNM=NPÞ;

where S
N

is the sum of the cumulative relative

frequencies across year-classes included in the sample,

N
M

is the number of year-classes missing from the

sample (year-classes beyond the oldest year-class in the

sample are excluded), and N
P

is the number of year-

classes present in the sample (N
P

must be greater than

N
M

). Recruitment variability index values vary from�1

to 1, with values close to 1 representing stable

recruitment. Development of the RVI was partially

based on catch-curve analysis (i.e., linear regression of

log
e
[number of fish at age] on age) in that fish

populations with stable recruitment will exhibit a steady

decline in numbers with increasing age. The RVI was

also developed by considering concepts traditionally

used in community ecology, including measures of

richness (e.g., number of present and missing year-

classes) and evenness (e.g., cumulative frequency

distribution; Guy 1993; Guy and Willis 1995). As

such, the RVI is sensitive to the occurrence of missing

year-classes (Guy 1993; Guy and Willis 1995; Isermann

et al. 2002). Because the RVI is based on a cumulative

frequency distribution, weak or missing year-classes

that occur at younger ages have a larger influence on

RVI values than those occurring at older ages.

The other method, the recruitment coefficient of

determination (RCD), was proposed by Isermann et al.

(2002). The RCD is the coefficient of determination

(r2) resulting from a catch curve (technically a catch-

curve type regression). In populations exhibiting stable

recruitment, age explains most of the variation in the

number of fish at each age (i.e., through mortality) and

results in high RCD values. Inconsistent recruitment is

expected to result in less predictable trends in number

at age and will result in low RCD values. Both the RVI

and RCD assume that total mortality is equal among

year-classes, and the RCD assumes that variation in the

number of fish at each age not explained by age is

solely a function of recruitment variation.

The RVI and RCD index recruitment variability, but

managers are also commonly interested in identifying

strong and weak year-classes. Maceina (1997) pro-

posed using Studentized residuals from catch-curve

regressions as an index of year-class strength (hereafter

called the residual technique), where positive residuals

represent strong year-classes and negative residuals

represent weak year-classes. Similar to the RCD, a

primary assumption of the residual technique is that

variation in the catch curve is a function of recruitment,

rather than differential mortality among year-classes.

Since the initial proposal of the residual technique, a

number of studies have used the method to evaluate

recruitment dynamics (e.g., Slipke et al. 1998; DiCenzo

and Duval 2002; Sammons et al. 2002; Maceina 2003).

The RVI, RCD, and residual technique are being

used increasingly for describing recruitment variation

and year-class strength, but only a few studies have

compared and validated the indices. Maceina (1997)

found that residuals indexed recruitment of largemouth

bass Micropterus salmoides in two Alabama reservoirs.

Also in Alabama reservoirs, Maceina and Stimpert

(1998) showed that Studentized residuals adequately

indexed year-class strength of crappies Pomoxis spp.

Similarly, Studentized residuals were highly correlated

with catch rates of age-0 smallmouth bass Micropterus
dolomieu in several Virginia rivers (Smith et al. 2005).

When the RCD was proposed, Isermann et al. (2002)

conducted a thorough evaluation of RVI, RCD, and the

residual technique; they used a combination of

simulation models and empirical data on 122 crappie

populations from throughout North America. Results

of the simulation models indicated that both RVI and

RCD provided valid measures of recent recruitment

variation. However, neither the RVI nor RCD was

closely related to empirical measures of recruitment

variation (i.e., coefficient of variation [CV ¼ 100 3

standard deviation/mean] in catch rates of age-1 fish)

observed in long-term trap-net data. Similarly, Studen-

tized residuals were related to empirical estimates of

year-class strength for only 2 of 17 crappie populations

(i.e., a subset of the 122 populations). In theory, the

various measures of recruitment variation and year-

class strength should have indexed recruitment dynam-

ics; however, gear biases associated with fall trap-net

sampling were probably responsible for the lack of

concordance between empirical measures and indices

of recruitment dynamics (Isermann et al. 2002).

Obtaining long-term recruitment data is difficult,

resulting in an increased reliance on indices for

characterizing recruitment dynamics (e.g., Michaletz

1998; Slipke et al. 1998; Sammons et al. 2002). As

such, additional evaluations on recruitment indices are

needed to establish the conditions necessary for these

indices to reflect recruitment variation and year-class

strength. Thus, the purpose of this study was to
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evaluate whether RCD and RVI provided valid

measures of recruitment variation and whether the

residual technique adequately indexed year-class

strength of walleyes Sander vitreus in Kansas reser-

voirs. Specifically, these techniques were compared

with standardized sampling data collected from eight

walleye populations.

Methods

Study area.—Walleyes were sampled during 1984–

2004 from eight Kansas reservoirs: Cedar Bluff,

Cheney, Glen Elder, Kirwin, Lovewell, Marion,

Webster, and Wilson reservoirs. The study reservoirs

have surface areas that vary from 1,327 to 5,093 ha

(mean 6 SD, 2,649 6 1,410 ha), maximum depths

that vary from 5.2 to 8.8 m (6.2 6 1.4 m), and ratios of

watershed area to lake area that vary from 8.1:1 to

1,079.0:1 (250.1:1 6 353.0:1). A number of studies

have been conducted on walleye populations in the

study reservoirs, the results of which have shown that

walleye recruitment is related to a variety of abiotic and

biotic conditions (Willis and Stephen 1987; Quist et al.

2003a), growth is relatively fast (e.g., Quist et al.

2003b), and total annual mortality (A) is relatively high

(41–61% among reservoirs; Quist et al. 2004). All of

the study reservoirs have important recreational

walleye fisheries and are subject to either a 381-mm

(Glen Elder, Kirwin, Webster, and Wilson reservoirs)

or 457-mm (Cedar Bluff, Cheney, Lovewell, and

Marion reservoirs) minimum length limit.

Walleye sampling and index calculations.—Walleye

populations were sampled from each reservoir during

fall (late October to early November) using gill-net

complements. One gill net complement included four

separate gill nets (each 30.5 m long 3 1.8 m deep, with

2.5, 3.8, 6.4, or 10.2-cm bar mesh). Total length (mm)

was measured from all fish, and hard structures for

aging (i.e., scales and otoliths) were removed from five

fish per 1-cm length-group. Years in which hard

structures were collected varied from 2 to 7 years

among reservoirs: Cedar Bluff (1992, 1993, 1996,

1996), Cheney (1995, 1996), Glen Elder (1991–1993,

1995, 1996, 1998, 1999), Kirwin (1996, 1998), Love-

well (1991–1993, 1995, 1996), Marion (1995, 1996,

1998), Webster (1995, 1996), and Wilson (1995, 1996)

reservoirs. Scales were pressed onto 1.0-mm-thick

acetate slides via a roller press and examined with a

microfiche reader. Otoliths were used to corroborate

scale age and to assign ages when difficulties with

aging scales were encountered. Age structure of the

walleye population for each reservoir and collection

year (i.e., collection of hard structures) was estimated

using an age-length key (Bettoli and Miranda 2001).

Recruitment was characterized as the catch per unit

effort (CPUE, i.e., the number of fish per night per gill

net complement) of age-0 walleyes, which was plotted

against the corresponding CPUE of other age-classes in

each reservoir. For example, the CPUE of age-0

walleyes sampled in 1990 was plotted against the

CPUE of age-1 walleyes in 1991, the CPUE of age-2

walleyes in 1992, and so forth. Because hard structures

were not collected during all sampling years, ages were

assigned to walleyes using the most recent age–length

key. The RVI was estimated from age structure

information (as described by Guy and Willis 1995),

and the RCD was estimated from weighted catch curves

(Isermann et al. 2002). Estimates of RVI and RCD were

obtained for each reservoir–year combination (i.e., only

years in which hard structures were collected) and only

included age-2 and older walleyes. Studentized resid-

uals from the catch curve were used as an index of year-

class strength (as described by Maceina 1997).

Estimates of RCD and RVI were compared with the

CV of the CPUE of age-0 walleyes (CV
age-0

) to

provide insight on how well the two indices reflected

empirical estimates of recruitment variation. The

CV
age-0

was only estimated for those years encom-

passed by the age structure data used to estimate RVI

and RCD. For example, if walleyes were sampled in

1999 and the oldest year-class present in the sample

was from 1993, the RVI and RCD estimated from the

1999 age structure data were compared with the CV
age-

0
estimated using catch rate data from 1993 to 1997

(i.e., only age-2 and older fish were used). Estimates of

RVI and RCD were plotted against the CV
age-0

for each

reservoir–year combination, and weighted linear re-

gression analysis was used to examine relations

between RVI, RCD, and empirical estimates of

recruitment variability. A weighted regression was

used to reduce the influence of multiple years of data

from any individual reservoir. Examination of individ-

ual reservoir–year combinations provided insight on

what might be expected if one were to take a one-time

sample. Because multiple years of age structure data

are commonly available to managers, mean values of

RVI and RCD were also examined. Mean RVI and

RCD were estimated for each reservoir and compared

with CV
age-0

via regression analysis. For these

comparisons, CV
age-0

was estimated using catch rate

data that spanned from the oldest year-class to the most

recent sampling year in which hard structures were

collected.

Studentized residuals from the catch curves were

plotted against the associated CPUE of age-0 walleyes.

Similar to RVI and RCD estimates, regression analysis

was used to examine relations between residual values

and empirical estimates of year-class strength. Analy-

ses (i.e., RVI, RCD, residuals) were conducted using
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untransformed CPUE data because the results obtained

using log
10

transformed data (i.e., log
10

[CPUE þ 1])

were nearly identical to those obtained using untrans-

formed data.

To better understand the effects of differential

mortality among age-groups on recruitment indices,

age-specific mortality rates were estimated for all

reservoir–year combinations. Specifically, the frequen-

cy of fish of age t (e.g., age 3) was divided by the

frequency of fish of age t� 1 (i.e., age 2) to provide an

estimate of annual survival (Ricker 1975; Boxrucker

2002). This value was then subtracted from 1 and

multiplied by 100 to provide an estimate of total annual

mortality between age groups. Mortality was estimated

for 1-year intervals beginning at age 2. All analyses

were conducted using SAS (SAS 1996), and a¼ 0.05.

Results

Catch rates of age-0 walleyes provided an excellent

measure of recruitment to ages 1 and 2 but poorly

indexed recruitment to ages 3 and 4 (Figures 1–4).

Age-0 walleye CPUE in a given year was highly

correlated with CPUE of age-1 walleyes during the

next year (Figure 1) and CPUE of age-2 walleyes 2

years later (Figure 2). However, catch rates of age-0

walleyes were not closely related to CPUE of age-3

(Figure 3) or age-4 (Figure 4) walleyes in any of the

study reservoirs. The CPUE of age-0 walleyes and

corresponding catch rates of age-5 and age-6 fishes

were not related for any of the populations.

Walleye recruitment, measured as the CPUE of age-

0 walleyes, was highly variable among and within

reservoirs (Figure 5). Coefficients of variation associ-

ated with mean CPUE of age-0 walleyes varied from

90 to 142 among reservoirs. Glen Elder and Marion

reservoirs exhibited the lowest variation in walleye

recruitment (CV
age-0

); Kirwin Reservoir had the

highest variation in recruitment. Estimated RVI values

varied from �0.004 to 0.95 and RCD values varied

from 0.01 to 0.99 among reservoirs and years.

Recruitment variability index values were significantly

related to CV
age-0

but explained less than 35% of the

FIGURE 1.—Relationships between catch per unit effort (CPUE; number of fish per gill-net complement night) of age-0

walleyes at time t and CPUE of age-1 walleyes at time t þ 1 in eight Kansas reservoirs.
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variation in empirical estimates of recruitment variation

(Figure 6). Empirical estimates of walleye recruitment

variability were not related to RCD values (Figure 6).

Mean RVI values were significantly related to

CV
age-0

(Figure 7). Kirwin and Cheney reservoirs had

the lowest mean RVI values and the highest CV
age-0

;

Glen Elder Reservoir exhibited the lowest empirical

estimate of recruitment variation and the highest mean

RVI value. Mean RCD values were not related to

empirical estimates of recruitment variability (Figure

7).

Studentized residuals were not correlated with

CPUE of age-0 walleyes (Table 1). The only exception

was for the sample collected in 1998 from Marion

Reservoir, where Studentized residuals were signifi-

cantly related to empirical estimates of walleye year-

class strength. Similar analyses were conducted by

truncating catch curves to age-3 and older walleyes and

using unweighted catch curves, but the same results

were obtained for all reservoirs and years.

The mortality of walleyes between age 2 and age 3

averaged 17% among reservoir–year combinations but

was higher for older fish (Table 2). The variability

among years also increased with age. For example, in

Glen Elder Reservoir walleye mortality averaged

21.3% between ages 2 and 3, 50.8% between ages 3

and 4, and 51.8% between ages 4 and 5. In Lovewell

Reservoir, mortality averaged 19.6% between ages 2

and 3, 36.8% between ages 3 and 4, and 34.8%
between ages 4 and 5. Similar results were observed for

the other walleye populations. The CV of age-specific

mortality increased with increasing age in all popula-

tions (Table 2).

Discussion

Variation in walleye recruitment was poorly indexed

using RCD values, and year-class strength was not

adequately indexed using residual values from catch

curves. Recruitment variation was also poorly indexed

using RVI values from a single sample, but mean RVI

values provided an adequate index of recruitment

variability. Several factors may help explain these

FIGURE 2.—Relationships between catch per unit effort of age-0 walleyes at time t and CPUE of age-2 walleyes at time tþ2 in

eight Kansas reservoirs.
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observations, including sampling bias and differential

mortality among age-classes (Maceina 1997; Isermann

et al. 2002). Issues associated with sampling include

potential biases resulting from the time of year that fish

were sampled or the sampling gear. If samples are

biased towards specific age-groups (e.g., either young

or old fish) because of differential habitat use or gear

bias, then the corresponding age structure data and

catch curves will also be biased (Ricker 1975; Maceina

1997). Although some sampling bias may be present in

the data used for this study, sampling bias was

probably minimal for fish older than age 2. For

instance, Quist et al. (2002) sampled walleyes monthly

from Glen Elder Reservoir using experimental gill nets

and found results (i.e., size and age structure) from

other seasons that were nearly identical to the data used

in this study. Sampling with other gears (e.g.,

electrofishing, trap nets) has also yielded similar data

(James Stephen, Kansas Department of Wildlife and

Parks [KDWP], unpublished information). Fall gill

netting is the standard season and gear for sampling

walleyes in Kansas and many other systems in North

America (e.g., Isbell and Rawson 1989; Fielder 1992;

Stone and Lott 2002). As such, data used in this study

reflect data that are being used by natural resource

managers for describing walleye populations and

making management decisions.

The other factor that may explain the observed

results is differential mortality among age-groups. The

techniques evaluated in this study assume that

recruitment and mortality are the primary factors

influencing the number of fish at each age and that

mortality does not differ between ages (Maceina 1997;

Isermann et al. 2002). Isermann et al. (2002) used

simulation models to demonstrate that when mortality

was consistent between ages and recruitment was

varied, RCD and RVI adequately explained recruitment

variation. In the current study, lack of concordance

between RCD and the residual technique with

empirical estimates of recruitment variation and year-

class strength was probably due to an increase in

mortality of older fish resulting from recreational

FIGURE 3.—Relationships between catch per unit effort of age-0 walleyes at time t and CPUE of age-3 walleyes at time tþ3 in

eight Kansas reservoirs.
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harvest. Total annual mortality of age-2 and older

walleyes is high (40–60%) in the study reservoirs

(Quist et al. 2004), and a recent study indicates that

once fish reach a length where they are available for

harvest (generally during their second or third growing

season), 40% or more are harvested by anglers (James

Stephen, unpublished information). These observations

are consistent with age-specific mortality estimates

presented in this study. Although different approaches

may provide better estimates of age-specific total

annual mortality rates (e.g., population density esti-

mates through time), the method used in this study

provides a general indication of differences in mortality

among ages (Ricker 1975; Boxrucker 2002). Results of

the age-specific mortality analysis indicated that

mortality of walleyes increased around age 3 and

remained relatively high at later ages. More important-

ly, mortality was not consistent among age intervals,

and age-specific mortality rates varied among years.

Specifically, the mean CVs of age-specific mortality

estimates within reservoirs were generally less than

20% for the interval from age 2 to age 3 but increased

by 30–40% for older age intervals. This indicated that

mortality varied among ages, mortality between ages 2

and 3 was relatively consistent, and mortality of older

fish varied among years. Such a pattern may be

responsible for the lack of relations between CPUE of

age-0 walleyes and CPUE of age-3 and older walleyes

and for failure of catch-curve-based indices to index

recruitment dynamics in the study reservoirs.

Angling pressure varies greatly in Kansas reservoirs.

For instance, creel surveys conducted by the Kansas

Department of Wildlife and Parks showed that total

angling effort on Cedar Bluff Reservoir averaged 1,276

h/month in 1997 versus 5,231 h/month in 1998, and on

Glen Elder Reservoir anglers averaged 17,781 h/month

in 1992 and 30,325 h/month in 1993 (Jason Goeckler,

KDWP, unpublished information). Many recreational

anglers are opportunistic in that they respond to

changes in fish population abundance and catch rates.

As catch rates of a given species decline in one area,

effort is shifted to areas with higher catch rates.

FIGURE 4.—Relationships between catch per unit effort of age-0 walleyes at time t and CPUE of age-4 walleyes at time tþ4 in

eight Kansas reservoirs.
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Although this pattern is well-known in commercial

fisheries (e.g., Larkin 1978), similar patterns have been

observed in recreational fisheries, including walleye

fisheries. For instance, Johnson and Carpenter (1994)

examined patterns of walleye-angler behavior in Lake

Mendota, Wisconsin, and found that as walleye

population abundance and angler catch rates declined,

there was a subsequent reduction in angling effort. One

explanation for this pattern was that surrounding lakes

offered alternative angling opportunities. A similar

mechanism is thought to explain angler behavior in

Escanaba Lake, Wisconsin, another well-studied wall-

eye fishery (Carpenter et al. 1994). Although data are

unavailable to determine the number of hours spent by

FIGURE 5.—Catch per unit effort of age-0 walleyes in eight Kansas reservoirs, 1982–2000. The numbers in parentheses are the

coefficients of variation in CPUE.
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FIGURE 6.—Relationships between the coefficient of variation in catch per unit effort of age-0 walleyes and (1) recruitment

variability index (RVI; top panel) and (2) recruitment coefficient of determination (RCD; bottom panel) values in eight Kansas

reservoirs: Cedar Bluff (CB), Cheney (CH), Glen Elder (GE), Kirwin (KI), Lovewell (LO), Marion (MA), Webster (WE), and

Wilson (WI) reservoirs. Individual data points are for the years in which hard structures were collected and age structure was

estimated.
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anglers specifically targeting walleyes, angling pres-

sure for walleyes in Kansas reservoirs appears to

fluctuate with the presence and absence of strong year-

classes. When strong year-classes become available for

harvest, managers often note that angling pressure is

high compared with those years when the number of

harvestable-length walleyes is low (James Stephen,

KDWP, personal communication). As such, strong

FIGURE 7.—Relationships between the coefficient of variation in catch per unit effort of age-0 walleyes and (1) mean

recruitment variability index (RVI; top panel) and (2) mean recruitment coefficient of determination (RCD; bottom panel) values

in eight Kansas reservoirs. The mean RVI and RCD values are averages across the years in which hard structures were collected

and age structure was estimated. See Figure 6 for reservoir abbreviations.
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year-classes probably receive increased angling pres-

sure and harvest, whereas weak or moderate year-

classes experience reduced harvest. This pattern of

angler behavior may explain the high variation

observed in age-specific mortality rates. Consequently,

recruitment indices based on catch curves may lack the

sensitivity necessary to accurately reflect recruitment

dynamics in these situations because recruitment peaks

would probably be reduced and recruitment lows

would be higher than might be expected.

Recruitment variability index values based on a

single year of age structure data were significantly

related to empirical estimates of recruitment variation,

but the relationship was weak (i.e., r2 ¼ 0.34). In

contrast, mean RVI values estimated from multiple

years of age structure data explained 65% of the

variation in walleye recruitment variability. Similar to

RCD and the residual technique, RVI is based on age

structure data; however, the index is unique in that it

incorporates measures of year-class richness and

evenness (Guy 1993; Guy and Willis 1995). When

the index was proposed, Guy and Willis (1995)

commented that RVI is sensitive to missing year-

classes. Not only were empirical estimates of recruit-

ment variation relatively high for Kansas walleye

populations, missing year-classes were common in the

age structure data. For instance, we found that at least

one year-class was missing in 41% of the reservoir–

year combinations and as many as four in Cheney

(1996 sampling year) and Lovewell (1996 sampling

year) reservoirs. At least one year-class was missing in

samples from Cheney and Kirwin reservoirs, the two

populations with the highest CV
age-0

and lowest RVI

values. Glen Elder, Marion, Webster, and Wilson

reservoirs had the lowest CV
age-0

, the fewest number of

missing year classes, and the lowest RVI values.

Because the magnitude of differences between strong

and weak year-classes was probably reduced by anglers

focusing effort on stronger year-classes, the presence

and frequency of missing year-classes may explain the

ability of RVI to index recruitment variability,

particularly if multiple years of age structure data are

available.

Recruitment plays a critical role in regulating the

population dynamics of fish, and there will continue to

be a need for characterizing recruitment variation and

year-class strength. I agree with Isermann et al. (2002)

that standardized sampling over long periods will

TABLE 1.—Relationships between Studentized residuals

from catch curves (independent variable) and catch per unit

effort of age-0 walleyes (dependent variable) in eight Kansas

reservoirs. Catch curves were weighted and used age-2 and

older walleyes. The Pearson correlation coefficients (r) and

associated P-values are provided by reservoir and sampling

year.

Reservoir and
sample year r P

Cedar Bluff
1992 �0.64 0.36
1993 0.19 0.70
1995 0.63 0.26
1996 0.74 0.09

Cheney
1995 �0.38 0.46
1996 �0.05 0.91

Glen Elder
1991 �0.16 0.79
1992 0.91 0.28
1993 0.38 0.62
1995 0.43 0.46
1996 0.46 0.36
1998 �0.15 0.76
1999 �0.14 0.77

Kirwin
1996 0.15 0.82
1998 0.45 0.54

Lovewell
1991 0.22 0.78
1992 �0.54 0.46
1993 0.19 0.80
1995 0.17 0.75
1996 0.65 0.16

Marion
1995 �0.01 0.98
1996 0.51 0.38
1998 0.84 0.02

Webster
1995 �0.08 0.88
1996 0.54 0.34

Wilson
1995 0.43 0.47
1996 0.51 0.24

TABLE 2.—Mean total annual mortality (%) between

successive ages of walleyes from eight Kansas reservoirs.

Means were estimated as the average mortality obtained from

multiple sampling years (i.e., multiple estimates of age

structure based on hard structures) within each reservoir.

The numbers in parentheses are coefficients of variation (100

3 SD/mean). Mortality between successive ages was not

estimable for several reservoirs and age intervals owing to the

lack of fish of those ages or because the relative frequency of

fish increased between ages (e.g., there were more age-4 fish

than age-3 fish).

Reservoir

Age interval

2–3 3–4 4–5 5–6

Cedar Bluff 15.0 (6.7) 31.8 (84.4) 41.0 (69.6) a

Cheney 9.5 (10.0) 58.0 (53.4) 24.9 (46.2) a

Glen Elder 21.3 (19.0) 50.8 (49.0) 51.8 (59.6) 18.5 (26.3)
Kirwin a 0.75 (0) a a

Lovewell 19.6 (5.3) 36.8 (45.9) 34.8 (28.6) 30.3 (40.0)
Marion 27.0 (29.6) 32.0 (40.6) 45.7 (80.4) 47.3 (38.3)
Webster 14.5 (6.7) 58.5 (27.1) 42.5 (74.4) a

Wilson 15.0 (0) 47.0 (0) 67.0 (35.8) 25.5 (30.8)

a Not estimable.
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provide the best measures of recruitment dynamics.

Unfortunately, such data are time-consuming and

expensive to obtain, leading to the increased popularity

of indices that can be calculated using one-time

samples (e.g., Michaletz 1998; Pope and Willis 1998;

DiCenzo and Duval 2002; Sammons et al. 2002).

Although the indices examined in this study are useful

for characterizing recruitment dynamics for many fish

populations, issues associated with sampling bias (e.g.,

Isermann et al. 2002) or differential mortality among

age-groups (this study) may result in poor performance

of recruitment indices. Consequently, scientists should

provide some measure of validation (e.g., Maceina

2003; Smith et al. 2005) whenever indices are used for

evaluating recruitment variability or year-class

strength.
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