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Age-specific patterns in density-dependent
growth of white crappie, Pomoxis annularis
K. L. POPE, G. R. WILDE & B. W. DURHAM
Wildlife and Fisheries Management Institute, Texas Tech University, Lubbock, TX, USA

Abstract The relationship between growth in white crappie, Pomoxis annularis Raﬁnesque, and climate, lake
morphometry and population density was studied in 103 Texas reservoirs. Growth of age-0 through age-3 white
crappie was signiﬁcantly (P £ 0.05) related to latitude, growing season and surface area. Growth of age-1 through
age-5 white crappie also was related to annual precipitation. Multiple linear regression models with precipitation
and mean catch per unit eﬀort (CPUE) of white crappie as independent variables explained 14–22% of the
variation in growth of age-0, -1 and -2 white crappie. By contrast, growth of age-3, -4 and -5 white crappie was
unrelated to CPUE. Apparently, between age 2 and 3, the density of white crappie in Texas reservoirs falls below a
density-dependent growth threshold beyond which growth is no longer related to density. This density-dependent
threshold was most likely related to angler harvest of larger, older white crappie.
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Introduction
Density-dependent growth is commonly observed in
ﬁshes (e.g. Le Cren 1958; Backiel & Le Cren 1978;
Walters & Post 1993; Byström & Garcı́a-Berthou
1999). As species density increases, growth of
individual ﬁsh slows as a result of increased intraspeciﬁc competition. Size at maturity and maximum
size of individual ﬁsh in a given population are
directly related to individual growth rates, with
smaller maturation and maximum sizes observed in
slower growing ﬁsh (Bowen, D’Angelo, Arnold,
Keniry & Albrecht 1991; Walters & Post 1993).
However, the exact relationship between growth and
population density is not clearly understood and
probably varies amongst species. Walters & Post
(1993) argued that species-speciﬁc density-growth
formulae are needed to understand better the
mechanisms, and population- and community-level
consequences of density-dependent growth.
Crappie, Pomoxis spp., are common in lakes and
reservoirs throughout North America (Lee, Gilbert,
Hocutt, Jenkins, McAllister & Stauﬀer 1980) and
have a propensity for overpopulation, especially in
small water bodies (Mitzner 1984) or those without

adequate densities of limnetic predators (Cichra,
Noble & Farquhar 1984; Gabelhouse 1984; Summers,
Boxrucker & Gabelhouse 1994). Overpopulation may
reduce growth rates of individual crappie because of
increased intraspeciﬁc competition. From a ﬁshery
perspective, crappie populations with abundant small,
slow growing ﬁsh provide little value to recreational
anglers. Thus, management of crappie populations
typically is directed toward maintaining reduced
crappie densities and large prey densities (Gabelhouse
1984). From an ecological perspective, populations of
slow-growing crappie compete with larvae and
juveniles of other ﬁshes for zooplankton (Guest,
Drenner, Threlkeld, Martin & Smith 1990; Pope &
DeVries 1994).
Growth of crappie is also strongly inﬂuenced by
abiotic factors, especially temperature (Hayward &
Arnold 1996). Thus, the eﬀect of abiotic factors on
growth must be accounted for (or controlled) to assess
adequately density-dependent growth of white crappie
on broad scales. In this paper, variation in growth of
age-0 to age-5 white crappie, P. annularis Raﬁnesque,
in 103 Texas reservoirs is related to crappie density
after climate-related effects (i.e. geographical location
of reservoirs) were controlled.
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Muoneke 2001). Morphoedaphic variables included
surface area (ha), mean and maximum depth (m), and
water conductivity (lS cm)1). Precipitation and growing season length for each reservoir were obtained from
Ramos (1995). Latitude and morphoedaphic information were obtained from the Texas Parks and Wildlife
Department’s Lake Categorization File, a database of
morphometric and biological characteristics of Texas
reservoirs. Based on previous studies of ﬁsh growth and
production, white crappie growth was expected to be
positively related to precipitation, growing-season
length, surface area, depth (mean and maximum) and
water conductivity, and negatively to latitude and
density. Statistical signiﬁcance was set at a ¼ 0.05, but
for correlations was adjusted using the sequential
Bonferroni technique (Miller 1981; Rice 1989) within
each age group to control the probability of incorrectly
rejecting one or more true null hypotheses. This
adjustment was needed because multiple simultaneous
correlations were conducted within each age group.

Materials and methods
White crappie were collected from 118 Texas reservoirs
using trap (modiﬁed fyke) nets in the course of routine
autumn (August to December) sampling during 1975–
1993. Scales or otoliths from a subsample of ﬁsh from
each reservoir were removed for age and growth
analyses. Scale impressions were made on acetate
slides and ﬁsh were aged by counting annular marks.
When otoliths were used, age was determined by
counting annular marks on whole or sectioned otoliths
under low magniﬁcation. The unweighted mean white
crappie length-at-capture for age 0, 1, 2, 3, 4 and 5,
across years for each reservoir was calculated. Only
those reservoir-age group combinations with at least
10 age estimates were retained for analyses. This
resulted in a ﬁnal sample of 103 reservoirs located
throughout Texas.
Linear and multiple regressions were used to assess
the nature and strength of relationships between
growth (mean length-at-capture for age 0, 1, 2, 3, 4
and 5), density and three climate-related and four
morphoedaphic variables. White crappie density was
indexed using catch per unit effort (CPUE; total
number of white crappie per trap-net night) averaged
across the same period used to collect age and growth
information. Climate-related variables included latitude, annual precipitation and growing-season length
(number of frost-free days in the year). In Texas,
aridity and elevation decrease from north-west to
south-east in the state, whereas growing season
increases from north to south, as expected from
latitudinal variation in solar insolation, and from west
to east with the gradual decrease in elevation (Miranda
& Durocher 1986; Ground & Groeger 1994; Wilde &

Results
Across all study reservoirs, mean ± SE total lengths
at capture (and ranges) of white crappie were: age
0 ¼ 115 ± 3 mm (77–176 mm); age 1 ¼ 186 ± 4 mm
(102–259 mm); age 2 ¼ 233 ± 4 mm (152–321 mm);
age 3 ¼ 267 ± 4 mm (153–351 mm); age 4 ¼ 286 ±
4 mm (187–359 mm); and age 5 ¼ 301 ± 8 mm
(212–368 mm). Inspection of scatter plots of white
crappie growth versus each independent variable
indicated these relationships generally were linear.
Growth of age-0 through age-3 white crappie was
related negatively (P £ 0.05) to latitude and positively
to growing season length (Table 1). Growth of age-1

Table 1. Minima and maxima for three climate-related variables, four morphoedaphic variables and white crappie density [indexed with catch
per unit eﬀort (CPUE)], number of reservoirs (n) and correlation coeﬃcients (r) for relationships between lengths of age-0, -1, -2, -3, -4 and -5
white crappie and climate-related, morphoedaphic, and density variables in Texas reservoirs
Age
0

Latitude
Precipitation (cm)
Growing season (days)
Area (ha)
Mean depth (m)
Maximum depth (m)
Conductivity (lS cm)1)
Mean CPUE
(number net night)1)

1

2

3

4

5

Min

Max

n

r

n

r

n

r

n

r

n

r

n

r

27
48
187
5
2
6
75
1

35
138
322
90 000
46
152
5500
139

76
77
77
76
72
76
74
75

)0.42**
0.23*
0.37**
0.28*
0.08
0.07
)0.20
)0.29*

96
96
96
96
88
94
92
93

)0.30**
0.33**
0.33**
0.39**
0.21
0.27**
)0.07
)0.35**

103
103
103
103
93
100
98
100

)0.35**
0.36**
0.34**
0.42**
0.17
0.26**
)0.06
)0.26**

91
91
91
91
83
88
86
88

)0.26*
0.38**
0.28**
0.36**
0.15
0.21
)0.12
)0.12

59
59
59
59
52
57
56
57

)0.27*
0.40**
0.08
0.27*
0.08
0.14
)0.01
)0.10

21
21
21
21
17
20
19
20

)0.18
0.66**
0.45*
0.37
)0.37
)0.04
0.11
0.01

*P £ 0.05; **P £ 0.05 based on the sequential Bonferroni technique.
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through age-5 white crappie also was positively related
to annual precipitation (Table 1). Amongst these three
climatic variables, precipitation was the best overall
predictor of growth and explained 5–44% of the
variation in growth of white crappie. Age-1 through
age-3 white crappie growth was positively related to
reservoir surface area, whereas white crappie growth
was generally unrelated to water depth (mean and
maximum) and conductivity (Table 1).
Growth of age-0, -1 and -2 white crappie was
inversely related (P £ 0.01) to crappie CPUE, which
explained 7–12% of variation in growth (Table 1;
Fig. 1). However, growth of age-3, -4 and -5 white
crappie was unrelated (P > 0.27) to CPUE.
Multiple linear regression models: age-0: length ¼
98.020 + 0.287 precipitation ) 0.266 CPUE; R2 ¼ 0.141,

Figure 1. Relationships of mean length-at-capture (mm) with annual
precipitation (cm) and density (catch per unit eﬀort; number trap-net
night)1) in Texas populations of age-0 (d), -1 (s), -2 (m), -3 (n), -4 (j),
and -5 (h) white crappie. Signiﬁcant (P £ 0.04) relationships are illustrated with solid lines; non-signiﬁcant (P > 0.27) relationships are
illustrated with dotted lines.

n ¼ 74, P ¼ 0.004; age-1: length ¼ 153.795 + 0.535
precipitation ) 0.458 CPUE; R2 ¼ 0.217, n ¼ 91,
P < 0.0001; and age-2: length ¼ 188.681 + 0.670
precipitation ) 0.394 CPUE; R2 ¼ 0.195, n ¼ 98,
P < 0.0001, for precipitation and mean CPUE of age0, -1, and -2 white crappie were signiﬁcant predictors of
white crappie growth. These models explained 14–22%
of the variation in growth of white crappie. For ages 3, 4
and 5, CPUE was not a signiﬁcant (P > 0.18) variable
in multiple linear regression models.
Discussion
Indirect measures of lake productivity such as total
dissolved solids, morphoedaphic index, turbidity,
reservoir age, surface area, and mean and maximum
depth generally are fair predictors of ﬁsh biomass
(Ryder 1965; Jenkins & Morais 1971; Oglesby 1977),
recruitment (Mitzner 1991; Guy & Willis 1995) and
growth (Miranda & Durocher 1986; McInerny &
Cross 1999; Tomcko & Pierce 2001; Wilde &
Muoneke 2001). As expected, white crappie growth
was positively related to precipitation, growing-season
length and reservoir surface area, and negatively to
latitude. Contrary to a priori predictions, white
crappie growth was not related to water conductivity
and depth. Precipitation was the best predictor of
growth and explained 5–44% of the variation in
growth of white crappie; however, residual variation
was large in all age groups. Because of small sample
sizes in several reservoirs, samples were pooled across
years for each age group in each reservoir. Therefore,
interannual variation in environmental conditions
such as temperature (Siefert 1968; Pope, Willis &
Lucchesi 1996; Pine & Allen 2001), water level
(Mitzner 1981; Beam 1983; Maceina & Stimpert
1998; Sammons, Bettoli & Greear 2001), food
availability (Sammons et al. 2001) and predator
density (Cichra et al. 1984; Gabelhouse 1984; Boxrucker 1987) that aﬀect recruitment and growth of
white crappie were unaccounted for in the present
analyses. Variation amongst reservoirs in productivity, prey availability and angler exploitation rates
(Miranda & Durocher 1986; Dolman 1990; Muoneke
1994; Texas Parks and Wildlife Department, unpublished data) may also have contributed to the large
residual variance.
Population density regulates early (age 0, 1 and 2)
growth of white crappie in Texas reservoirs. Previous
studies (Guy & Willis 1995; Pope & Willis 1998;
McInerny & Cross 1999; Galinat, Willis, Blackwell &
Hubers 2002) documented inverse relationships
between crappie density and growth. The present
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study, however, is the ﬁrst to document age-speciﬁc
eﬀects of density on white crappie growth. Apparently,
between age 2 and 3, white crappie growth in Texas
reservoirs is no longer constrained by a densitydependent mechanism.
Fishing mortality is the most probable mechanism
causing the decline in white crappie density below the
growth-regulating threshold. Schoﬀman (1965) suggested that substantial angler harvest of white crappie
could cause low crappie densities. Prior to 1985, no
harvest limits existed for crappie in Texas waters.
Positive results from an experimental length and bag
limit on white crappie led to enactment of a 25.4-cm
statewide minimum-length limit for crappie in September 1990 (Webb & Ott 1991). This minimum-length
limit likely had little aﬀect on the present assessment
because no limit existed for most years. Prior to the
minimum-length limit, anglers harvested white
crappie ¼ 20–25 cm (Webb & Ott 1991). It is speculated that white crappie become acceptable to Texas
anglers and, thus, vulnerable to exploitation at a length
attained during their third or fourth year of life, the
age at which white crappie growth ceases to be densitydependent.
Management implications
White crappie growth rates in the ﬁrst couple of years
of life are density-dependent. Reduction of white
crappie density, especially of younger age groups,
should result in faster growth rates of surviving
crappie. Several authors have discussed methods for
reducing density of young crappie and limiting
recruitment to increase crappie growth rates (Cichra
et al. 1984; Gabelhouse 1984; Boxrucker 1987; Summers et al. 1994). However, the potential negative
eﬀects of length limits on crappie growth rates have
received little attention (but see Colvin 1991; Webb &
Ott 1991; Allen & Miranda 1995; Hale, Lundquist,
Miller & Petering 1999). Implementing restrictive
length limits on white crappie populations could lead
to longer periods of density-dependent growth. In
crowded white crappie populations, longer periods of
reduced growth rates might result in smaller maximum
size and reduced production of crappie, which may
aﬀect angler satisfaction (Allen & Miranda 1996;
Costello & Betsill 1996). However, management
biologists may encounter political pressure to maintain
or establish crappie length limits, as some anglers
favour crappie length limits even when positive results,
such as increased size and age structure, are not
evident (Allen & Miranda 1996; Bister, Baker & Willis
2000).
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