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Synopsis

Resource polymorphisms are believed to be an important intermediate step in competitive sympatric speciation.
Reports of resource polymorphisms in fishes are becoming more common, but tests of the temporal persistence of
resource polymorphisms remain scarce. We examined the temporal persistence of a body shape dimorphism reported
previously for stream dwelling young-of-the-year brook charr,Salvelinus fontinalis, inhabiting slow vs. fast running
water. In the year of our study, we found no difference in body shape between individuals in slow vs. fast flowing
water, although fish in fast flowing water were of greater standard length than those in slower flowing water. We
conclude that the resource polymorphism reported earlier for brook charr in streams is not stable temporally.

Introduction

Resource polymorphisms (for reviews see Schluter &
McPhail 1993, Robinson & Wilson 1994, Wimberger
1994, Sḱulason & Smith 1995, Smith & Sḱulason
1996, Orr & Smith 1998) are thought to be an impor-
tant first step in the process of sympatric speciation.
Maynard Smith (1966) provided a plausible mech-
anism for it. He used a simple model (one locus
with two alleles) to show how a stable polymor-
phism can persist even if the adults are members of a
single, randomly mating population. Thus an impor-
tant initial requirement of the sympatric speciation
process is that the resource polymorphism be persis-
tent. Although resource polymorphisms may be rela-
tively common among vertebrates (see the above men-
tioned reviews), long term field studies are rare with
the exception of a few model systems, e.g. threespine
stickleback,Gasterosteus aculeatus(McPhail 1994),
arctic charr,Salvelinus alpinus(Skúlason et al. 1999),
Darwin’s finches, Geospiza species (Grant 1984,

Grant & Grant 1989, 1995), and whitefish,Coregonus
species (e.g. Bernatchez et al. 1996).

We tested the temporal persistence of a body shape
polymorphism in stream dwelling young-of-the-year
brook charr (YOY),Salvelinus fontinalis, by sampling
and examining the body shape of fish in streams where
a resource polymorphism was observed in 1988–1989
(McLaughlin & Grant 1994). In addition to standard
length, maximum body depth, caudal peduncle depth
and maximum caudal fin height, the characters found
to be important by McLaughlin & Grant (1994), we
also considered 16 additional morphometric variables
to make the results of the present study directly com-
parable to a concurrent laboratory study (Imre 1999).
The morphometric traits were selected based on theo-
retical arguments and empirical evidence of their func-
tional importance to swimming in different hydraulic
conditions (Aleev 1969, Riddell & Leggett 1981,
Carl & Healey 1984, Webb 1984a,b, 1988, Taylor &
McPhail 1985, Bisson et al. 1988, Swain & Holtby
1989, McLaughlin & Grant 1994, Baumgartner 1995).
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Relative to fish in slow velocity habitats, we predicted
that fish swimming in higher velocity water would
have shallower, narrower heads and trunks; shallower
but wider and longer caudal peduncles; smaller dor-
sal and anal fin heights, larger minimum and maxi-
mum caudal fin heights and larger standard lengths.
We also predicted that the faster swimming fish would
have smaller paired fin lengths and caudal fin length
(more forked tail) than the slower swimming group.
Measurements of the predorsal, prepectoral, prepelvic,
preanal and head length were also made to explore
whether there were differences in the position of the
fins and the length of the head between fish swimming
at different velocities. We provide evidence that the
body shape dimorphism shown by young-of-the-year
brook charr (McLaughlin & Grant 1994) is not stable
temporally.

Materials and methods

Study sites

Our field survey was conducted at 5 locations on the
Credit River drainage system, near Guelph, Ontario,
Canada (Table 1). Fish (50 per location), measure-
ments of water velocity and physical characteristics of
each sampling location were collected between 8 May
1998 and 27 May 1998 on sunny days with clear water
conditions. Each location was sampled over 2 consec-
utive days. Sites comprised 200–300 m long stream
reaches.

Suitable microhabitats (sidepools, slow runs) were
approached slowly from downstream. After arrival to
an observation site the observer waited for 3 min for
fish to return and continue their initial activity. Grant &
Noakes (1987) noted that charr of this size return to

Table 1. Location, measured physical characteristics and substrate composition of sites where young-of-the-year brook charr,Salvelinus
fontinalis, were collected. Sites were 200–300 m long stream reaches.

Stream name Site
co-ordinates

North West

Mean (range)
wetted width
(m)

Mean (range)
max. depth
(cm)

Substrate (%)∗

Cl Si Sa Gr Pe Co Bo

North Credit River 43◦54′ 80◦03′ 7.6 (2.4) 69 (47) 4 20.7 54.7 8.7 12
below Orangeville 20 24 14 3

North Credit River at Hwy 24 43◦50′ 80◦01′ 13.3 (3.2) 67 (32) 18 21 15 19 39 20
North Credit River 43◦48′ 80◦00′ 10.6 (6.5) 54 (50) 3 4 6.7 11.3 16 1.3
above Brimstone

Eramosa River at Ospringe 43◦41′ 80◦06′ 7.2 (2.6) 58 (29) 24 24 52
West Credit River above Erin 43◦46′ 80◦02′ 9.4 (2.7) 52 (62) 31.3 33.3

∗Cl = Clay; Si= Silt; Sa= Sand; Gr= Gravel; Pe= Pebble; Co= Cobble; Bo= Boulder.

their initial area within 2 min on average, after being
disturbed by an observer. After selecting a focal indi-
vidual (Martin & Bateson 1993) the observer recorded
its location in the water column, and captured the
individual with 2 small aquarium dipnets. Fish were
immediately euthanized and preserved in individually
labelled vials containing 100% ethanol. Water velocity
was measured at the position of the snout of the fish with
a Pygmy water velocity meter (model 625; Teledyne-
Gurley, Troy, New York). Current velocities lower than
∼ 1.5 cm s−1 (the sensitivity limit of the Pygmy current
meter) were estimated by releasing silt particles in the
water column as described by McLaughlin & Noakes
(1998).

Three transects were chosen at every site and wetted
width, maximum depth, and substrate composition
were recorded for every transect (Table 1). Wetted
width and water depth were measured to the nearest
1 cm. An observer walked across the streambed per-
pendicular to the current and assessed the particle size
of the substrate every 10 cm. The particle type was
called out and recorded by a second person located
on the streambank. This procedure was continued until
50 values were obtained for every transect. Substrate
type was classified as clay, silt, sand, gravel, pebble,
cobble or boulder based on particle size as described
by Gordon et al. (1992, table 5.6), with the exception
that coarse and very coarse gravel were classified as
pebble.

Two replicate measurements of water velocity were
taken at the same location on 5 occasions to test for the
repeatability of measurements. An initial measurement
was made, then the velocity meter was removed from
that location and reinserted again to make a second
measurement. Locations for the repeatability measure-
ments were chosen haphazardly, but always in those
areas where YOY brook charr were known to occupy
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stations. Within-observer reliability (Martin & Bateson
1993) was very high (r= 0.96, p< 0.0084).

Morphological measurements

Morphological measurements made on each fish are
shown in Figure 1. The definitions by Trautman (1981)
and Hubbs & Lagler (1964) were followed with some
exceptions: (1) head width was defined as the distance
between the normally closed opercula at the level of the
occiput; (2) caudal peduncle depth was defined as the
distance between the dorsal and ventral midline of the
caudal peduncle at the caudal fin base; (3) minimum
caudal fin height was defined as the distance between
the tip of the dorsal procurrent rays to the tip of the
ventral procurrent rays at the level of the caudal fin
base; (4) maximum caudal fin height was defined as the
distance between the uppermost tip of the upper cau-
dal fin lobe and the lowermost tip of the lower caudal
fin lobe with the fin rays arranged close to each other
(i.e. connecting membrane not extended). Morpho-
logical measurements were made on the left side

Figure 1. Location of morphometric measurements on the dorsal surface and left side of young-of-the-year brook charr,Salvelinus
fontinalis: 1–4 head length; 2–3 head depth; 1–5 prepectoral length; 5–6 pectoral fin length; 1–7 predorsal length; 1–10 prepelvic length;
7–9 maximum body depth; 7–8 dorsal fin height; 10–11 pelvic fin length; 1–12 preanal length; 12–13 anal fin height; 14–15 caudal
peduncle length; 17–18 caudal peduncle depth; 19–20 minimum caudal fin height; 1–15 standard length; 15–16 caudal fin length; 21–22
maximum caudal fin height; 23–24 head width; 25–26 maximum body width; 27–28 caudal peduncle width.

and dorsal surface of individuals using the calibrated
micrometer eyepiece of a Wild Heerbrugg dissect-
ing microscope (Wild of Canada Ltd., Ottawa) and a
Fowler Ultra-cal. II digital caliper (Fred V. Fowler Co.,
Inc.). The caliper was used for morphological measures
larger than the scale of the eyepiece on the dissecting
microscope.

One person (I. Imre) measured all fish. Within-
observer reliability (Martin & Bateson 1993) of the
raw measurements (non-transformed data) on 18 ran-
domly selected fish was very high (r= 0.98–0.99,
p< 0.0001).

Statistical analysis

Prior to analysis, morphological measurements were
log10 transformed to normalize their distributions as
much as possible. Values of each morphological vari-
able were standardized to a mean 0 within each sample
site to avoid any confounding effects due to differences
among sites (see Strauss 1990). This standardization
procedure also allowed for pooling of samples from
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different sites. Standard length was used as a measure
of size. We adjusted for the effect of size by regressing
each variable against log10 transformed standard length
for the pooled sample (Reist 1986). According to Reist
(1985), computation of residuals from a standard size
axis or allometric adjustment to a standard size allows
for complete removal of size variation while adverse
effects are minimal. This approach also enabled a direct
comparison of our results to McLaughlin & Grant’s
(1994) findings. The shape variate for an individual
was computed as the difference between the observed
measurement for the individual and the predicted mea-
surement from the simple regression model between
the variable in question and standard length (see equa-
tions in Thorpe 1975, Reist 1985, 1986). The adjusted
shape variables were used for further statistical analy-
ses. The final sample size was reduced to 249, because
one individual was missing the left pectoral fin.

Potential relationships between the swimming
velocity (approximated by current velocity) and body
shape descriptors were analysed using multiple regres-
sion analysis (Pedhazur 1982). Statistica 5.0 (StatSoft
Inc. 1995) was used to perform all transformations and
statistical tests. Theα level was 0.05 for all statisti-
cal tests. Tests for linearity, normality, homogeneity of
variances, singularity and multicollinearity were per-
formed for the multiple regression analysis.

Results

Young-of-the-year brook charr swimming in faster cur-
rents were significantly longer than those swimming
in slower currents (univariate regression: r= 0.21,
R2 = 0.05, F1,247 = 11.86, p < 0.0007, N= 249),
but standard length accounted for only 5% of the vari-
ation seen in swimming velocity. Adding any other
morphological variables to the regression model did
not result in a significant increase of the coefficient of
determination (multiple regression using all morpho-
logical variables: r= 0.35, R2 = 0.12, F20,228 = 1.56,
p = 0.0639, N= 249). For simplicity, we included
in the table only those variables that were found by
McLaughlin & Grant (1994) to show significant differ-
ences between the compared groups (maximum body
depth, caudal peduncle depth and maximum caudal fin
height (Table 2).

After adjusting for the other variables, fish swim-
ming in faster currents had larger standard length than
fish swimming in slow currents but there were no dif-
ferences in body depth, caudal peduncle depth and

Table 2. Multiple regression analysis relating the water veloc-
ity measured at individual locations where young-of-the-year
brook charr were holding position to their standard length, max-
imum body depth, caudal peduncle depth and maximum caudal
fin height (r = 0.23, R2 = 0.05, F4,244 = 3.41, p < 0.0098,
N = 249).

Predictor variables B St. error of B t(244) p value

Intercept 0.00 0.02 −0.03 0.9758
Standard length 1.28 0.37 3.44 0.0007
Maximum body −0.51 0.97 −0.52 0.6004
depth

Caudal peduncle −0.69 0.86 −0.80 0.4238
depth

Maximum caudal −0.11 0.27 −0.42 0.6758
fin height

maximum caudal fin height across the range of water
velocities sampled (Figures 2 a,b,c,d). Multiple regres-
sion residuals were examined for outliers; none were
detected.

Discussion

Our study suggests that the resource polymorphism
observed in young-of-the-year stream dwelling brook
charr by McLaughlin & Grant (1994) is not stable
from year to year. We found no differences in body
shape between brook charr swimming in microhabi-
tats characterized by higher current velocities and fish
found in lower velocity microhabitats. Fish found in
higher velocity microhabitats were longer than fish
swimming in sidepools, in agreement with the above-
mentioned study. This standard length–current velocity
relationship could be due to ontogenetic niche shifts.
It is thought that YOY salmonids move to faster and
deeper water as they grow (Chapman & Bjornn 1969,
Everest & Chapman 1972). Alternatively, this relation-
ship could be the result of fish growing faster and sur-
viving better in running water than in sidepools.

This study is only the second example of an unsta-
ble resource polymorphism. Grant & Grant (1989)
reported temporal unstability of a beak shape polymor-
phism in a finch species,Geospiza conirostris. Type A
males which had longer, narrower and shallower beaks
than type B males, fed on cactus seeds (and surround-
ing arils) by drilling a hole in the cactus fruits with
their beak, while type B males ripped open cactus pads
using their beaks and fed on the insect larvae and pupae.
An El Niño event led to the disappearance of one of
the cactus niches. Consequently the morphological and
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Figure 2. Leverage plots from the multiple regression analysis relating the water velocity measured at individual locations where young-
of-the-year brook charr were holding position to their standard length, maximum body depth, caudal peduncle depth and maximum caudal
fin height. The r values represent partial correlation coefficients.

ecological subdivision of the population disappeared.
Grant & Grant (1989) concluded that, in order to have
sympatric divergence within a population, niches to
which members of the population can adapt have to
differ markedly and persistently.

The headwater streams in which brook charr reside
are very heterogeneous environments, both spatially
and temporally. Spatially heterogeneous but tempo-
rally persistent environments (coupled with low species
richness) are known to favour adaptive radiation and
the appearance of habitat specialisations (Smith &
Skúlason 1996) over an evolutionary scale. This is
illustrated by the presence of diverse fish morphs and
recently evolved species flocks in recently deglaciated
lakes, volcanic, rift and crater lakes (e.g. McPhail 1984,

Schliewen 1994, Snorrason et al. 1994). Headwater
streams offer less spatial heterogeneity than the lakes
mentioned above and exhibit less temporal stability.
For example, they are characterized by high and unpre-
dictable variations in daily water discharge. Discharge
affects all the major aspects of fish development, biol-
ogy and ecology (Horwitz 1978). Discharge is more
variable during the spring period, thus YOY fish are
subjected to all the consequences of frequent dis-
charge variations during the most vulnerable period of
their life.

We hypothesize that in those years characterized by
highly variable discharge there will be no microhabitat
specialisations: increased temporal heterogeneity will
likely favour habitat generalists. The dichotomy in the
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body shape of YOY brook charr may arise in those
years when environmental conditions are more stable
and differences in water velocity between microhabi-
tats (slow runs and sidepools) persist for longer periods
of time. Further studies should be directed at evaluat-
ing the effects of the variations in environmental condi-
tions on the development of morphological differences
between brook charr morphs using microhabitats with
different water velocity regimes and the persistence of
microhabitat use by juvenile brook charr.

In contrast to the situation known for lacustrine
charrs (Sḱulason et al. 1999), we hypothesize that
stable resource polymorphisms are less likely to
evolve in the temporally heterogeneous headwater
stream environment. We recommend that future studies
devote greater consideration to temporal persistence.
Resource polymorphisms that are unstable temporally
offer a valuable opportunity to examine the ecological
processes that foster the development and evolution of
resource polymorphisms.
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