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ABSTRACT
Accurately ageing fish is essential for fisheries managers when calculating
population dynamics for a particular species. Despite being a popular
sport fish in its native range with a large expanding non-native range,
otoliths of white perch Morone americana have not been validated. White
perch were collected monthly during 2015–2016 from Sooner Lake,
Oklahoma to remove sagittal otoliths to validate annulus formation.
Marginal increment analysis verified a single annulus formed once yearly
in otoliths of white perch and formation was complete by April or June,
depending on fish age. Because descriptions of population characteristics
of invasive white perch in Oklahoma are limited, the dynamics of the
Sooner Lake population was described. The Sooner Lake white perch
population is characterized by rapid growth rates, average longevity and
mortality rates, high proportional size distribution and below average
condition. The Sooner Lake population is a non-stunted population, which
has not previously been documented in Oklahoma. White perch form a
single opaque band once annually in sagittal otoliths, validating this
structure as an ageing method for this species. This study expands on the
existing literature on invasive white perch population characteristics and
serves as a reference to which other Oklahoma populations can be
compared.
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Introduction

White perch Morone americana are native to the Atlantic slope drainages of North America from
Quebec, Canada south to South Carolina, USA (Scott and Crossman 1973). Throughout its native
range, the white perch is commercially and recreationally valuable (Mansueti 1961). Furthermore,
white perch have a large and expanding non-native range. White perch have invaded or were intro-
duced into the Great Lakes (Larsen 1954; Busch et al. 1977), the Illinois Waterway and throughout
the Upper Mississippi River system (Irons et al. 2002). White perch populations have also become
established in inland lakes and reservoirs in several other states through intentional (Zuerlein 1981)
or accidental introduction through contaminated fish stockings (Wong et al. 1999; Harris 2006;
Kuklinski 2007). White perch have invaded 21 states and 1 province outside of their native range
(Fuller et al. 2014), and it can only be expected that this number will increase as populations con-
tinue to spread through the Arkansas and Mississippi River systems (Irons et al. 2002).

As white perch populations continue to expand in their non-native range, there is an increasing
need to understand population dynamics in order to make appropriate management decisions. The
ability to accurately age fish is essential for fisheries managers when estimating growth, mortality
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rates, and assigning year classes to understand recruitment for a particular species. For many years,
fishery managers relied on scales to estimate ages of white perch to understand population demo-
graphics (Sheri and Power 1969; Wallace 1971; St. Pierre and Davis 1972; Marcy and Richards 1974;
Busch and Heinrich 1982; Schaeffer and Margraf 1986). Otoliths have recently been used as the pre-
ferred structure for estimating ages of white perch (Harris 2006; Kuklinski 2007; Feiner et al. 2012;
Bethke et al. 2014). Despite the current use as an ageing structure, annulus formation on sagittal oto-
liths has not been validated for white perch.

Validation of otoliths as an ageing structure has been completed for many species (Hales and
Belk 1992; Secor et al. 1995; Clayton and Maceina 1999; Bettinger and Crane 2011; Blackwell and
Kaufman 2012). Although no study has evaluated ageing accuracy for white perch, otoliths have
been validated for the congeneric striped bass (Heidinger and Clodfelter 1987; Secor et al. 1995).
Furthermore, Morone hybrid Morone chrysops x M. saxatilis otoliths were validated by evaluating
annulus formation and comparing age estimates for known aged fish (Snyder et al. 1983). Kuklinski
(2007) suggested that white perch ages estimated from sectioned otoliths were more precise than
those observed in whole otoliths. However, due to difficulties encountered during the ageing of
white perch in that study, further research validating otoliths as an ageing structure is necessary
(K. Kuklinski, personal communication).

Because white perch are an important commercial and sport fish species in their native range
(Mansueti 1961), are rapidly expanding into other systems (Irons et al. 2002), and there is a need to
verify ageing methodology for a particular calcified structure (Beamish and McFarland 1987) our
primary objective was to validate that a single annulus is formed yearly in otoliths of white perch
using marginal increment analysis and determine the timing of annulus deposition. Second, because
studies characterizing white perch populations in Oklahoma are limited (but see Kuklinski 2007) we
described population characteristics of an invasive population in Sooner Lake, Oklahoma from
which we validated otolith annulus formation.

Methods

Study area

Sooner Lake is a 2185 ha reservoir located in north central, Oklahoma. The reservoir serves as a
cooling water source for a coal-fired power generation facility operated by Oklahoma Gas and
Electric Company. Sooner Lake is in the Arkansas River basin, and although not directly connected,
Sooner Lake water level is maintained by pumping water from the Arkansas River. White perch
were first documented in the Arkansas River within Oklahoma in 2000 (Kuklinski 2007), and were
found in Sooner Lake in 2006 (Oklahoma Department of Wildlife Conservation (ODWC) unpub-
lished data). White perch abundance in Sooner Lake has been increasing since establishment
(Copeland 2016).

Study design

White perch were collected from Sooner Lake, monthly from April 2015 to June 2016, using boat-
mounted electrofishing (pulsed DC, high voltage, Smith Root 7.5 GPP) and experimental gillnets. A
white perch sample was not collected in May 2016 because of equipment breakdown. Because each
of these gear types has size-selective biases, a multiple gear approach was implemented to ensure
that all size and age classes of white perch were represented in the sample (Kuklinski 2007; Feiner
et al. 2012; Bethke et al. 2014). Furthermore, day and night sampling was conducted monthly to
ensure no diel differences in size or age class representation in the sample. Each monthly sample
consisted of twelve 600 s electrofishing transects (7200 s of pedal time) and four experimental gill
nets set perpendicular to the shoreline in inshore and offshore locations. Sites were chosen at ran-
dom by laying a 300 m2 grid over the map of the lake in ArcGIS, individually numbering each grid
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square and using a random number generator to select the grid to be sampled. New sites were
selected at random each month for electrofishing and gillnet sampling. The experimental gill nets
used were 61 m long £ 1.8 m deep and constructed of eight 7.6 m panels (12.7, 15.9, 19.1, 25.4, 38.1,
50.8, 63.5, and 76.2 mm bar mesh).

White perch from both sampling methods were combined for marginal increment analysis and
age estimation and population assessment. For marginal increment analysis, we sought to collect 25
white perch monthly. Whereas, our goal for population assessment purposes was to collect 10 white
perch per 10 mm length group to ensure that all size and age classes were represented in the sample.

Following capture, each fish was measured for total length (TL; mm) and weight (g), and sagittal
otoliths were removed for age estimation. Otoliths were sectioned in a transverse plane, polished
using 1600 grit wet/dry sandpaper, stood polished side up in modeling clay and submerged with
water, and viewed with a dissecting microscope (4–45£) by shining light from a fiber optic light
source through the otolith to illuminate annuli. Annuli, which appeared as dark rings on a light
background, were counted to assign an age estimate to each fish. Each otolith was evaluated in ran-
dom order by two independent readers (Hoff et al. 1997). When there was a disagreement on an
estimated age, a concert reading was conducted by both readers and a final age estimate was
determined.

Marginal increment analysis was performed by measuring the width of the hyaline zone follow-
ing the last opaque band on the distal edge of the otolith to validate that a single opaque band (annu-
lus) was formed annually and determine the timing of annulus formation (Clayton and Maceina
1999; Blackwell and Kaufman 2012). Measurements were taken on the dorsal side of the sulcus in
transverse plane, as this provided the clearest view of annuli. Otoliths were measured (mm) using
ToupCam (Toup Tek Photonic, Zhejieng, P. R. China) computer software and camera attached to a
dissecting microscope. Marginal increment data were separated into age classes (age 1, ages 2–3,
ages 4–5, ages 6–8, and all ages combined), and mean increment distance was graphed by month.
Marginal increment data were analyzed by age class to determine if annulus formation timing varied
with age. Age 0 fish were not used in the marginal increment analysis because they were not measur-
able (no opaque band present). Age classes were combined to account for small sample size.

A length-frequency histogram and proportional size distribution (PSD) of quality (200 mm;
PSDq), preferred (250 mm; PSDp) and memorable (300 mm; PSDm) sized fish (Gabelhouse 1984)
was used to visualize and quantify white perch size structure. A log10 weight to log10 TL length–
weight regression was used to describe the weight to length relationship of the population. White
perch condition was evaluated by calculating relative weight (Wr) using standard weight equations
presented by Bister et al. (2000). A von Bertalanffy growth model was used to describe growth of
white perch. Catch-curve-regression was used to assess total mortality of white perch. Age 0
white perch were not considered to be fully recruited to the sampling gear, so they were removed
from the catch-curve analysis. Furthermore, because of severe drought in Oklahoma from 2012 to
2014, white perch recruitment was inconsistent in those years, therefore age 2 to age 4 fish were
removed from catch-curve analysis. Total mortality was calculated by regressing the loge number of
fish caught on age to estimate instantaneous total mortality (Z) and total annual mortality
(A = 1 ¡ e¡z; Ricker 1975).

Results

A total of 571 white perch were aged and ages ranged from 1 to 8 years old (Table 1). The marginal
increment measurements indicated that a single opaque band was formed once annually between
April and June in white perch otoliths from Sooner Lake (Figure 1). This was true when evaluating
fish by age class or when all age classes were pooled. However, the timing of annulus formation var-
ied by age class (Figure 1(A–E)). Age 1 white perch completed annulus formation by late April
(Figure 1(A)), however formation occurred by early June for all other age classes (ages 2–8; Figure 1
(B–E)).
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Table 1. Distribution of white perch ages collected monthly from Sooner Lake, Oklahoma during 2015–2016.

Age (years)

Month 0 1 2 3 4 5 6 7 8 Monthly total

January 8 21 1 2 2 2 5 2 43
February 17 26 3 1 1 1 49
March 14 38 2 4 11 6 5 80
April 24 7 4 10 10 2 3 60
June 13 1 1 8 2 1 26
July 9 3 1 5 1 5 4 3 31
August 7 10 2 3 4 14 5 5 50
September 10 7 1 1 2 8 4 2 35
October 13 20 2 2 1 17 4 6 65
November 16 33 1 2 3 6 5 2 68
December 16 24 2 4 14 2 2 64
Total 110 219 23 25 17 96 48 30 3 571
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Figure 1. Mean marginal increment measurement by month from white perch otoliths for (A) age 1, (B) ages 2–3, (C) ages 4–5, (D)
ages 6–8, and (E) pooled ages. Error bars represent the standard error of the mean.
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White perch collected from Sooner Lake ranged from 56 to 308 mm TL (Figure 2). This popula-
tion was dominated by sub-stock and stock sized fish, although quality (PSDq = 58) and preferred
(PSDp = 31) sized fish were also abundant (Table 2). The abundance of memorable sized fish was
low (PSDm = 1). Growth of white perch was rapid to age 2, but slowed dramatically through age 8.
The modelled von Bertalanffy growth curve indicates that white perch approach maximum length
steadily (K = 0.39), with individuals in the population growing to 74% of their expected TL (L1 =
294) by age 2 (Figure 3). The total annual mortality estimate for the white perch population in
Sooner Lake was 40% (Figure 4).

The weight–length relationship of white perch was log (W) = ¡5.36 + 3.22 log (TL) (R2 = 0.99;
Table 2). This weight–length relationship results in Wr values that are below average for all length
categories. Wr values were poorest for sub-stock (85), stock (84), and memorable (84) size classes.
Whereas, Wr values were slightly below average for quality and preferred size fish (92 and 93,
respectively).

Discussion

Marginal increment analysis of white perch otoliths indicated that a single opaque band was formed
once annually. Formation of a single annulus in the sagittal otoliths of white perch validates this
structure for ageing this species. Although scales have been validated as an ageing structure for white
perch (Sheri and Power 1969; Wallace 1971), this is the first validation of otoliths for ageing white
perch. Otoliths have been validated for other Morone species. Snyder et al. (1983) verified annulus
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Figure 2. Length-frequency distribution (by 10 mm TL increments) of white perch collected from Sooner Lake, Oklahoma during
2015–2016.

Table 2. Proportional size distribution (PSD) and mean relative weight (Wr; standard deviation) by length categories, and length–
weight relationship for white perch collected from Sooner Lake, Oklahoma during 2015–2016.

Category TL (mm) N Mean Wr PSD

Sub-stock <130 154 85 (19) –
Stock 130–199 166 84 (11) –
Quality 200–249 168 93 (9) 60
Preferred 250–299 79 92 (9) 32
Memorable 300–379 3 84 (7) 1
Trophy >380 0 – –

Length–weight relationship log10(W) = ¡5.3614 + 3.216 log10(L)
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formation and timing, and ageing accuracy for hybrid striped bass in Florida. Secor et al. (1995) val-
idated accuracy of striped bass ages 3–7 for Chesapeake Bay striped bass. Furthermore, Heidinger
and Clodfelter (1987) accurately assigned ages for 0–4-year-old known-aged striped bass from
northern Illinois cooling ponds.

The timing of annulus formation in otoliths of white perch from Sooner Lake was dependent on
age. Age 1 fish typically formed an annulus by late April, whereas older fish (ages 2–8) formed an
annulus by early June. Because a sample was not able to be collected in May 2016, it is possible that
annulus formation occurred for some fish in May. Nonetheless, a single annulus formed by June for
adult white perch. In a study evaluating annulus formation in yellow perch otoliths collected from
South Dakota, Blackwell and Kaufman (2012) determined that annulus formation timing varied by
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Figure 3. Von Bertalanffy growth curve calculated from otolith age estimates for white perch collected from Sooner Lake,
Oklahoma during 2015–2016.
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fish age, with young fish completing annulus formation earlier than older fish. Similarly, Crawford
et al. (1989) found that young Florida largemouth bass Micropterus salmoides floridanus formed an
annulus sooner than older bass in several populations.

Differences in the timing of annulus formation are driven by timing of annual growing seasons
(Wallace 1971). White perch collected from Sooner Lake completed annulus formation between
April and June depending on age. Similarly, Wallace (1971) determined that annulus formation in
white perch scales formed between April and June. However, an annulus formed on scales of white
perch collected from the Bay of Quinte, Lake Ontario in July (Sheri and Power 1969). Furthermore,
Secor et al. (1995) observed new annulus formation in striped bass otoliths collected in Chesapeake
Bay during February–April. Conversely, Snyder et al. (1983) determined that annulus formation
occurred in otoliths of Morone hybrids from central Florida in April–May, similar to timing in
Sooner Lake white perch. Understanding when annulus completion occurs allows fisheries managers
to collect fish for ageing purposes at the appropriate time to obtain the most accurate age estimates.

Growth of white perch from Sooner Lake was rapid, reaching quality size (>200 mm TL) by age
2, comparable to white perch collected from Lake Erie where fish reached the commercially accept-
able size of 200 mm TL by age 2 (Schaeffer and Margraf 1986). White perch growth was rapid in the
first two years of life, but slowed considerably after age 2, similar to growth rates from the Lower
Connecticut River (Marcy and Richards 1974), Lake Ontario (Busch and Heinrich 1982), and
Browning Oxbow, Kansas (Stein 2001). Fast growth rates equated to a high abundance of white
perch reaching quality (PSDq = 60) and preferred (PSDp = 32) size classes. PSD of quality size fish
were comparable to values calculated for white perch from Browning Oxbow, Kansas (RSDq = 51),
but were considerably higher for preferred sized fish (RSDp = 9; Stein 2001). Despite fast growth
rates and high PSD, the mean relative weight of the Sooner Lake white perch population was below
average for all size classes. Relative weight values from Sooner Lake were comparable to those calcu-
lated for white perch from Browning Oxbow, Kansas for quality and preferred sized fish (93 and 98,
respectively), however relative weight for stocked sized fish was considerably higher (113; Stein
2001). The disparity between mean relative weights for small and large fish is likely attributed to
intraspecific competition for forage resources. Mansueti (1961) suggested that intraspecific competi-
tion for food resources drives growth of white perch. The larger fish may be able to better compete
for these resources than smaller fish when white perch densities are high, leading to the larger fish
being in better overall condition.

Annual mortality of white perch in Sooner Lake is 40%. Similarly, Stein (2001) estimated total
annual mortality for a non-native population of white perch in a Missouri River oxbow at 45%.
However, these mortality estimates are considerably lower than those calculated for native popula-
tions. Annual mortality estimates for white perch from the James River averaged 69%, whereas mor-
tality was 58% from the York River (St. Pierre and Davis 1972). Similarly, annual mortality rates
calculated for white perch from the Delaware River ranged from 54% to 58% for males and females,
respectively (Wallace 1971). The differences in annual mortality estimates between native and non-
native populations may be due to high exploitation rates in native populations where white perch
are commercially and recreationally valuable (Mansueti 1961). Angler exploitation of white perch in
Sooner Lake appears minimal, but when harvest of white perch does occur, they are usually used as
bait to target blue catfish Ictalurus furcatus (N. Copeland, ODWC, personal communication). Natu-
ral mortality in the form of predation likely contributes the greatest to the total annual mortality
rate in Sooner Lake. Copeland (2016) found that most predators in Sooner Lake consumed white
perch at minimal levels, and only saugeye Sander vitreus x Sander canadensis consumed them in
appreciable amounts. In Oklahoma, saugeye have been used as a biological control of overcrowded,
stunted white crappie Pomoxis annularis populations (Summers et al. 1994; Boxrucker 2002). Sau-
geye predation may be keeping the Sooner Lake white perch population from overpopulating and
stunting.

White Perch are prone to overpopulating inland waterbodies where they are non-native, resulting
in populations of stunted individuals (Zuerlein 1981; Kuklinski 2007; Gosch et al. 2010; Feiner et al.
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2012; Bethke et al. 2014). Stunted white perch populations are characterized by a high abundance of
slow growing fish that rarely exceed 300 mm TL or attain 5 years of age (Busch et al. 1977; Zuerlein
1981). Stunted and non-stunted white perch populations have been documented in Kansas
(Zuerlein 1981), Nebraska (Zuerlein 1981; Gosch et al. 2010), North Carolina (Feiner et al. 2012;
Bethke et al. 2014), and now in Oklahoma. Kuklinski (2007) found that white perch in Kaw Lake,
Oklahoma rarely exceeded 200 mm TL and age 3. Age and growth of white perch from Sooner Lake
was markedly different with many fish in the 5–8 age classes and fish attaining 300 mm TL.

Our results are the first to validate that an annulus forms in the sagittal otolith of white perch,
making this structure suitable for estimating age for this species. Due to the possible differences in
annulus formation timing based on location (due to differences in growing seasons) and fish age, it
is critical that fisheries managers understand when a new annulus is formed. This will determine
when fish should be collected for age determination, as assigning inaccurate age estimates could
affect population parameters calculated from those ages. This study also describes population char-
acteristics for invasive white perch in Sooner Lake. Our results suggest a non-stunted population,
and provide parameters that future studies in Oklahoma can be compared. Future evaluations
should assess white perch throughout their non-native range in Oklahoma to determine their
impacts to Oklahoma reservoir fisheries and to determine factors leading to stunted and non-
stunted populations. Furthermore, the use of saugeye as a management tool to control or prevent
white perch stunting is in need of further study.
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