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ABSTRACT

Ryan, P. M. 1984. Age, growth, and food of threespine sticklebacks
(Gasterosteus aculeatus) in three lakes of central Newfoundland, Canada.
Can. Tech. Rep. Fish. Aquat. Sci. 1325: iv + 16 p.

The age structure, 1life span, growth, and food of threespine sticklebacks
in three small lakes in central Newfoundland were studied. Fish could be aged
from length-frequency distributions but otoliths were not satisfactory for that
purpose. The first hatching date was late May to early June. Fish spawned in
their second or third year and had a maximum 1ife span of about two and
one-half years. Little variation in growth occurred between years or among
lakes and growth rates were near the middle of the range experienced by
populations of this species. Most individuals fed on benthic or pelagic
cladocerans and chironomid larvae.

RESUME

Ryan, P. M., 1984. Age, growth, and food of threespine sticklebacks
(Gasterosteus aculeatus) in three lakes of central Newfoundland, Canada.
Can. Tech. Rep. Fish. Aquat. Sci. 1325: iv + 16 p.

Cet article porte sur la composition de 1'age, la durée de vie, la
croissance et 1'alimentation de 1'@pinoche a trois epines peuplant trois petits
lacs du centre de Terre-Neuve. I1 a été possible de déterminer 1'age des
poissons d'aprés la distribution de frequence des longueurs, mais les otolithes
n'ont pu servir a cette fin. La premiére &closion s'est produite entre la fin
de mai et le debut de juin. Les @pinoches frayent au cours de leur deuxiéme ou
troisiéme année et vivent deux ans et demi au maximum. La croissance a peu
varié d'une année a 1'autre et d'un lac a 1'autre. Les taux de croissance se
situaient prés de 1a moyenne pour les populations de cette espéce. La plupart
des individus se nourrissaient de cladocéres benthiques et pélagiques et de
larve de chironomidés.



INTRODUCTION

Little information exists on the ecology of threespine sticklebacks in
Newfoundland even though they are, after brook trout (Salvelinus fontinalis),
the most widely distributed fish in Newfoundland's fresh waters (Scott and
Crossman 1964). Potential relationships of threespine sticklebacks to
economically valuable salmonids include those of predator (Laurent 1972), prey
(Ryan 1980}, competitor (Maitland 1965; Coad and Power 1973a), and parasite
co~host (Cone and Ryan 1984). The literature on threespine sticklebacks has
been reviewed extensively by Wootton (1976). However, detailed information on
the ecology of this species in the fresh waters of eastern Canada appears to
have been limited to Quebec (Coad and Power 1973a, b).

Reports on populations of threespine sticklebacks in Newfoundland have
included records of meristic and morphometric characteristics (Penczak 1962;
Van Vliet 1970; Garside and Hamor 1973), parasitic fauna (Threlfall 1968;

Hanek and Threlfall 1970; Cone and Ryan 1984) and the lengths and weights of
individuals (Pepper 1976). Pepper (1976), as part of a study of the habitat of
Atlantic salmon (Salmo salar), presented length-frequency distributions of
threespine sticklebacks which suggested the presence of three age groups (0, 1,
2) in a pond and stream in the watershed of the Gander River. However, he was
not able to verify the ages of these fish and cautioned that comparisons of his
data to other lakes or years might not be valid because of the short period of
study. Pepper suggested that poor salmon fry survival in ponds may be caused
by competition for food between salmon and sticklebacks although comparisons

of diet were not made. Thus, there is a need for ecological information on the
threespine stickleback in Newfoundland. This report documents the age
composition, life span, growth, and food of threespine sticklebacks in three
lakes at the headwaters of the Northwest Gander River, Newfoundiand. It is the
first such study of this species in Newfoundland.

THE STUDY AREA

The Experimental Ponds Area includes three small lakes and their tributary
streams at the headwaters of the Northwest Gander River, some 155 km from its
outlet to the Atlantic Ocean on the northeast coast of Newfoundland (Fig. 1).
Limnological studies in the Area have been conducted since 1977 (Ryan 1982;
Cone and Ryan 1984; Ryan 1984; Ryan and Wakeham 1984). The study lakes
(Table 1) are shallow, oligotrophic, postglacial waters usually ice covered
from December to April. Their water quality is typical of Newfoundland's many
brown-water lakes (Jamieson 1974). Predominant macrophytes are the yellow
water 1ily (Nuphar variegatum), the pipewort (Eriocaulon septangulare), the
pondweed (Potamogeton oakesianus), and the bureed {Sparganium spp.J. In
addition to threespine sticklebacks, fish species present are the brook trout
(Salvelinus fontinalis), the Atlantic salmon (Salmo salar), and the American

eel (Anguilla rostrata).

MATERIALS AND METHODS

Sticklebacks were captured with a 4.8 mm square mesh seine net, near the
end of August at each of three locations in Spruce and Headwater ponds from
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Fig. 1. Watershed of the Experimental Ponds Area, central Newfoundland. The
catchment basin of each study lake is outlined.



Table 1. Selected physical and chemical descriptors of the study lakes.
Values for chemical descriptors are the means of all values (number = N)
Based on Ryan and Wakeham (1984).

encountered May-October, 1977-81.

Headwater Spruce Little Gull

Pond Pond Lake

(N=66) (N=105) (N=7)
Latitude 48°16' 49°19" 48°21"
Longitude 55°29' 55°28' 55°29"
Water area (ha) 76.1 36.5 306.5
Volume (m% x 10-39) 872 364 5328
Maximum depth (m) 3.3 2.1 6.3
Mean depth (m) 1.1 1.0 1.7
pH 6.4 6.3 6.2
Conductance (pS cm~!) 33 33 62
Alkalinity (ppm) 4.3 4.2 2.7
Calcium (ppm) 3.3 2.1 1.9




1978 to 1981 and in Little Gull Lake in 1978 and 1979. Additional collections
were made throughout the summer of 1979 in Spruce and Headwater ponds with a
seine net constructed of fibreglass fly-mesh used for window screening . Fish
were preserved in 70% alcohol for a minimum period of three weeks. Total
lengths (mm) of all fish were obtained and modes in the length-frequency
distributions were used to assign ages to the fish (Tesch 1971). A sagittal
otolith was removed from each individual in a subsample of approximately ten
fish from each cm length interval. Otoliths were mounted on plasticine and
examined dry or in glycerine, alcohol, or water. Ages were assigned using the
criteria of Jones and Hynes (1950). Individuals in the late summer subsamples
were weighed to the nearest mg and weight-length regressions were compared by
analysis of covariance (Dixon and Massey 1969). A further subsample of
approximately 10 fish, spanning the range of fish lengths, was selected from
the late summer collection from each lake, each year and stomach contents were
examined.

RESULTS AND DISCUSSION
AGING AND LIFE HISTORY

Length-frequency distributions of fish taken throughout the summer of 1979
(Fig. 2) were composed of nearly discrete modes shifting position as growth
occurred, thus permitting an accurate assessment of the ages of most fish. The
distributions indicated a first hatching date of late May to early June and a
maximum 1ife span of about two and one-half years. In early June, the
distributions had two distinct modes. A third mode, young-of-the-year fish,
appeared in the catches in late June. The near disappearance of individuals in
the largest mode as the summer progressed suggested that the majority of fish
spawned at the beginning of their second or third summer with few surviving the
third summer.

Newly hatched Tarvae vary in length from 3 to 5 mm and attain lengths of
about 11 mm in 23 days at 18° to 19°C (Wootton 1976). The smallest individuals
captured in early August were indicative of the usual extended spawning period
of this species. Sticklebacks usually do not reach maturity until they are
about 40 mm (Craig-Bennett 1931; Baggerman 1957). Thus, those that grew slowly
would not be capable of spawning until their third summer. In the Experimental
Ponds Area, the smallest fish observed with eggs was 36 mm at the end of
August.

This Tife-history pattern is similar to that of other eastern Canadian
freshwater populations. Pepper (1976) first encountered underyearlings in
seine net samples on July 9 in a lake of the Gander River system downstream
from the study area. Length-frequency distributions in those samples were
suggestive of only three year-classes. Coad and Power (1973a) described a
maximum 1ife span of "two years and some months" for several populations in the
Matamek watershed of Quebec. They reported that spawning occurred in July of
the third year of 1ife. Variation in age at first spawning is common, varying
with local conditions and growth rate (Wootton 1976).
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Fig. 2. Length-frequency distributions of threespine sticklebacks seine netted throughout the summer of 1979 in
Headwater and Spruce ponds. Ages assigned to the fish are indicated.



The assignment of ages to the fish using otoliths resulted in an
unacceptably high and variable error rate. For example, fish from the smallest
mode in the length-frequency distribution from Spruce Pond on June 28, 1979
(Fig. 2) were obviously underyearlings. However, of eleven of these fish aged
from otoliths, eight were assigned to age-group 0, two to age-group 1, and one
to age-group 2; an error rate of 27%. Six fish in the second larger mode were
assigned to age-groups 1 (one fish), 2 (four fish), and 4 (one fish). Three
fish of 55 to 65 mm were assigned to age-groups 2 and 4. Both otoliths from a
22 mm fish from Spruce Pond on August 2 exhibited an opaque centre, four
transparent bands, and three opaque bands. Similarly, obvious underyearlings
less than 34 mm from Headwater Pond on August 22 were ass1gned to age-groups 1
(13 fish) or 2 (three fish).

Such variation between obviously correct ages shown by the length-
frequency distributions and those indicated by otoliths may have been due to a
variety of external and internal factors associated with the formation of
growth checks on bony tissues (Tesch 1971). Pepper (1976) found threespine
stickleback otoliths too minute and brittle to permit accurate annulus
counting.  Munzing (1959) reported that otoliths from some migratory
populations were unsuitable for aging. Jones and Hynes (1950) found length-
frequency distributions unsuitable for age determination in a population in
northwest England because of large overlap in the lengths of age groups.
Otoliths were considered "satisfactory" for this purpose, although "false" or
misleading rings were often present on the otoliths. Other investigators have
described populations in which both length-frequencies and otoliths were
suitable for aging (Greenbank and Nelson 1959; Coad and Power 1973a; Allen and
Wootton 1982). 1In the present study, ages indicated by otoliths were
considered unsuitable. Subsequently, ages were assigned on the basis of the
length-frequency distributions.

COMPARATIVE GROWTH

Length-frequency distributions of fish collected in the late summer from
Headwater and Spruce ponds (Fig. 3) and Little Gull Lake (Fig. 4) exhibited,
for the most part, modes of minimal overlap indicative of age structure;
consistent with modes in the samples taken throughout the summer of 1979.
Accordingly, ages were assigned on the basis of length as follows: Headwater
Pond O+ = < 37 mm, 1+ = 37-57 mm, 2+ = > 57 mm; Spruce Pond 0+ = < 42 mm,
1+ = 42-58 mm, 2+ = > 58 mm; Little Gull Lake 0+ = < 47 mm, 1+ = 47-63 mm,
2+ = > 63 mm. Some fast or slow-growing fish may have been incorrectly aged
but aging errors, if they occurred, were considered to be negligible. Positive
bias in the mean length of age-group O such as that in Little Gull Lake in 1978
(Fig. 4) was 1ikely a result of the smaller fish escaping through the seine-net
mesh during some collections. Most samples of young-of-the-year exhibited
little or no obvious skew.

Little variation in growth in length was evident within a given lake from
year to year or from lake to lake but lengths attained by the first two age
groups were greatest in Little Gull Lake and least in Headwater Pond
(Table 2). Few fish in their third year were captured. Lengths attained by
threespine sticklebacks of various ages in the Experimental Ponds Area were
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Table 2. Lengths (mm) of the age groups of threespine sticklebacks from the study lakes August-September,
1978-81 as determined from the length-frequency distributions of seine-netted fish. SN and N indicate the
standard deviations about the means and the number of fish examined, respectively.

Year of "Headwater Pond Spruce Pond Little Gull Lake
capture 0 1 2 0 1 2 0 1 2
1978 X 27.1 48.4 60.2 28.8 50.0 60.4 38.1 51.1
SN 3.7 4.7 1.5 4.6 3.8 1.1 4.9 3.1
N 262 98 6 386 103 9 740 19
1979 X 27.1 45.8 61.3 28.8 49.7 60.7 34.7 53.3 65.0
SN 3.6 3.9 0.5 4.7 3.6 2.1 5.2 3.2 0.0
N 121 88 4 222 50 3 1107 423 2
1980 X 27.2 49.2 62.0 31.5 51.6 64.0
SN 3.2 3.8 3.4 4.0 4.0 7.1
N 76 191 21 107 68 2
1981 X 28.2 48.2 60.2 30.6 51.2 59.0
SN 3.4 4.0 2.1 4.2 4.3 0.0
N 60 66 9 42 20 1
1978-81 X 27.3 48.2 61.3 29.3 50.5 60.9 36.1 53.2 65.0
SN 3.6 4.2 2.8 4.6 3.9 2.6 5.4 3.2 0.0
N 519 443 40 757 241 15 1847 442 2
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near the middle of the wide range reported for freshwater populations of this
species elsewhere (Fig. 5).

The dependence of stickleback growth on environmental and genetic
influences is not completely understood (Wootton 1976). It seems probable that
the small differences in growth rates among the Experimental Ponds Area stocks
are primarily due to differences in environments since the stocks are not
widely separated.

A small amount of variation in weight with respect to length occurred
within and among Takes (Table 3). Intercepts or slopes changed slightly within
each lake, possibly as a result of environmental changes. With the data of all
years combined, there was no difference in weight of fish of a given length
between Headwater and Spruce ponds. In contrast, fish of the same length from
Little Gull Lake tended to be heavier. ‘

These small between-lake differences in growth may account for the much
lesser abundance of 2+ fish in the Little Gull Lake samples. In many
populations, a more rapid growth and resultant earlier sexual maturation
results in a shorter 1ife span since all or most adults die after spawning
(Wootton 1976; Allen and Wootton 1982).

FOOD

Sticklebacks in the Experimental Ponds Area fed on a wide range of food
items (Table 4) as in lakes and streams elsewhere (Wootton 1976). The majority
in Headwater and Spruce ponds had been feeding on benthic microorganisms at the
time of capture. Pelagic food was taken by fewer fish. Most fish had been
feeding on benthic cladocerans and chironomid larvae. In contrast, most of the
Little Gull Lake sticklebacks had been feeding on pelagic daphnids and
bosminids and fewer had fed on benthic chironomid larvae. Differences in fish
diet among these lakes may be a function of food availability. Threespine
sticklebacks are facultative omnivores (Scott and Crossman 1973; Wootton 1976)
and daphnids were more abundant in Little Gull Lake zooplankton samples taken
in 1978 and 79 than they were in Headwater and Spruce ponds (Ryan 1982).

The differences in diet among these stocks suggest an explanation for the
more rapid growth in length and weight of fish from Little Gull Lake. The
absence of copepods and gastropods in the sticklebacks from Little Gull Lake
indicates that these fish would have been less susceptible to parasite
infection and thus potentially faster growing than their counterparts in
Headwater and Spruce ponds. These food items are intermediate hosts of
parasites (Hoffman 1967) which may reduce the growth rate of their host
(Pennycuick 1971). Parasites which have a potential for growth inhibition have
been identified in sticklebacks from Headwater Pond (Cone and Ryan 1984).

Threespine sticklebacks in the study lakes share a small part of the food
resource with salmonids. In Headwater and Spruce ponds, 62-83% of salmon and
trout of 5-37 c¢m fed on Odonata nymphs while none contained plankton and only
1-6% had eaten Diptera larvae (Ryan unpublished). Other food items were shared
to a small extent. Of the brook trout in both lakes, 27-32% had fed on
gastropods but only 7% of the salmon parr from Spruce Pond contained snails.
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Table 3. Regressions of log
August-September, 1978-81.

Wit

(p < 0.05) different from one another.

weight (g) on log,
hin a given row, s

Yo

length (mm) of threespine sticklebacks seined in the study lakes,
pes or intercepts with dissimilar superscripts are significantly

Headwater Pond

Spruce Pond

Little Gull Lake

Year of Slope Intercept No. r Slope Intercept No. of r? Slope Intercept No. of r2
capture fish fish fish

1978 3.54 -6.13 53 0.96 3.47 -6.02 61 0.97 3.07° -5.372 56 0.97
1979 3.38 -5.76 44 0.97 3.44 -5.942 51 0.98 3.30 -5.6_8b 43 0.98
1980 3.66 -6.43 44 0.95 3.32 -5.85 39 0.93

1981 3.41 -5.91 56 0.98 3.61 -6.23 60 0.97

1978-81 3.46 -6.00 197 0.94 3.46 -6.01 211 0.96 3.232 -5.592 99 0.97
Between year  Equal Not Equal Not Equal ’ Not

comparisons equal equal equal

within Tlakes

p = 0.1697 p = 0.0001

p = 0.2753 p = 0.0001

p=0.0418 p = 0.0036

Al
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~ Table 4. Stomach content analysis of threespine sticklebacks seined in the study lakes,
~ August-September, 1978-81. Figures indicate the number of stomachs containing a given
food item expressed as a percentage of the number of stomachs containing food items.

Headwater Pond  Spruce Pond Little Gull Lake Three Tlakes

Food item 1978-81 1978-81 1978-79 1978-81
Chydoridae 65.8 59.0 23.8 54.1
Chironomidae larvae 42.1 43.6 28.6 33.7
Cladocera remains 36.8 33.3 9.5 29.6
Amphipoda 28.9 33.3 19.0 28.6
Insecta remains 26.3 30.8 9.5 24.5
Cyclopoida 28.9 28.2 - 22.4
Pelecypoda 23.7 17.9 9.5 18.4
Gastropoda 28.9 15.4 - 17.3
Daphnidae 10.5 5.1 47.6 16.3
Macrothricidae 21.1 17.9 4.8 16.3
Diptera pupae 7.9 30.8 4.8 16.3
Sididae 21.1 5.1 4.8 10.2
Bosminidae 2.6 7.7 28.6 10.2
Ephemeroptera nymphs 5.3 15.4 9.5 10.2
Trichoptera larvae 10.5 7.7 - 7.1
Harpacticoida 10.5 5.1 - 6.1
Ostracoda 13.2 2.6 - 6.1
Arachnoidea 5.3 7.7 - 5.1
Anisoptera nymphs 5.3 2.6 - 3.1
Holopedidae - - 4.8 1.0
Calanoida 2.6 - - 1.0
Bacillariophyta - - 4.8 1.0
Rotifera - 2.6 ' - 1.0
Seeds 2.6 - - 1.0
No. stomachs examined 40 41 21 102

No. empty stomachs 2 2 - 4

3
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These data suggest that little dietary overlap exists between salmonids and
threespine sticklebacks under natural conditions in small Newfoundland lakes.
However, in lakes stocked with underyearliing Atlantic salmon by man, food
competition may be of concern since these salmon, normally absent from lakes,
may feed heavily on crustacean zooplankton (Arnemo et al. 1980; Pepper pers.
comm.) as do Pacific salmon (English 1983). Accordingly, population densities
and food of Newfoundland's second most common freshwater fish, the threespine
stickleback, should be examined prior to and after the introduction of Atlantic
saimon fry to selected lakes.
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