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Months

Percentage of opaque margins on the otolith of Ammodytes
americanus in each month by sex for mature specimens and
for immature specimen.

The von Bertalanffy growth equation was calcu­
lated for the age groups containing more than five
individuals. In order to use the Allen method and the
Stamatopoulos and Caddy method, age was expressed
in fractions of years. The parameters of the von Berta­
lanffy equation provided by both techniques gave sim­
ilar results (Table 3).

the length increase during the summer (i.e. length-at­
age t in June and in September) and the length increase
during 1 year (i.e. the length-at-age t and the length-at­
age t+1 in June). Despite possible annual variations in
growth, the increase during the summer was between
75 and 100% of the annual increase (Table 2). Thus the
hypothesis that an opaque ring is laid down in the
otoliths annually may be satisfied. The maximum age
based on otolith readings was approximately 12 years
(153 months).
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Mean length Mean length Summer Annual
(June) (September) increase increase s/a
(mm) (mm) (s %) (a %) (%)

86.9 103.4 19.0
25.1 75.7

108.7 123.0 14.3
13.2 (101.4)

122.8 132.9 8.2
9.2 89.1

134.1 146.8 9.5
10.6 89.6

148.3 156.5 5.5
6.9 79.7

158.6 162.5 2.5
3.3 75.8

163.9

TABLE 2. Comparison of the length increase of Ammodytes americanus
during the study period and over a year.
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The weight-length relationship was calculated
separately for males and females and for the sexes
combined, for each month (Table 4). A covariance
analysis indicated that the differences between sexes
was generally not significant, except for the slope in
September (Table 5). The same analysis indicated sig­
nificant variations between months (slope: F = 11.27,
DOF = 3,826, PF <0.001; position: F = 97.01, DOF =
3,826, PF <0.001). The slope of the length-weight rela­
tionship, b, was always close to 3, which indicated an
isometric growth for A. americanus. The growth in
weight during the June-September period was slightly
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TABLE 3. Parameters of the von Bertalanffy growth equation for
Ammodytes americanus obtained by (a) the method of
Allen (1966) and (b) the method of Stamatopoulos and
Caddy (1989).

Fig. 4. Length frequency distributions of Ammodytes americanus
and mean sizes of age groups defined by otoliths (0) and
modes determined by decomposition of the length frequency
distributions (M).

class, than detected by the otoliths, appeared in June
and July, and some inconsistencies appeared for the
oldest age groups.

An indirect validation of the ageing technique was
provided by comparison, for a particular age group, of

K yr- 1

to yr
L mm

Residual S2

a

0.24 ± 0.016
-1.14 ± 0.14
188.2 ± 3.3

16.50

b

0.24
-1.11 ± 0.19
188.1 ± 0.2

16.00
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Fig. 5. Variation of the expected weight of three sizes of Ammodytes
americanus in each month for individual males and females
as defined from the weight-length relationship.

age at sexual maturity was determined from the August
and September samples (322 individuals). Fifty percent
of the fishes observed were still immature, with identifi­
able sex or not, at 95 mm length (Fig. 7). Among the
individuals with an identifiable sex, 50% of the females
were mature at 90 mm, while, for the males, 83% were
mature at 85 mm and no mature male was observed at a
smaller length. The youngest mature fish was a female
at age 0 (69 mm). Among the total of fishes observed in
September, 72% were mature at age 1 (20 months) and
100% at age 2. All the identifiable males (21 specimens)
and 72% of the identifiable females (18 specimens)
were mature at age 1. In the whole sampling season
(June-September), 67% of the identifiable males (65
specimens) were mature at age 1 and 84% (25 speci­
mens) at age 2, 60% of the identifiable females (82
specimens) were mature at age 1 and 89% (28 speci­
mens) at age 2.
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different between sizes. The expected weight, com­
puted from the equation, of small individuals increased
regularly over the season, while the expected weight of
larger fishes decreased in September (Fig. 5).

TABLE 4. Weight-length relationship from a log-log linear regression
observed for Ammodytes americanus (r2 = square of the
correlaton coefficient; SEE = standard error of the esti-
mate; SEI = standard error of the intercept; SES = standard
error of the slope.)

Month r2 SEE Intercept SEI Slope SES

Male

Jun 0.956 0.038 -5.397 0.188 2.895 0.089
Jul 0.956 0.054 -5.689 0.179 3.032 0.085
Aug 0.940 0.088 -5.869 0.195 3.157 0.093
Sep 0.960 0.054 -5.095 0.161 2.787 0.077

Female

Jun 0.938 0.048 -5.374 0.204 2.878 0.096
Jul 0.944 0.056 -5.575 0.192 2.972 0.091
Aug 0.940 0.088 -5.869 0.195 3.157 0.093
Sep 0.949 0.067 -5.693 0.212 3.062 0.100

Total

Jun 0.969 0.063 -5.894 0.072 3.118 0.035
Jul 0.980 0.051 -5.608 0.055 2.990 0.027
Aug 0.968 0.069 -6.125 0.085 3.272 0.042
Sep 0.960 0.065 -5.655 0.119 3.046 0.056

TABLE 5. Results of the covariance analysis between weight-length
relationships (log-log regression) of male and female
Ammodytes americanus for each month.

F OF Fo o5 Significant

June

Position 1.98 1 109 3.9 No
Slope 0.01 No

July

Position 1.68 1 122 3.9 No
Slope 0.23 No

August

Position 1.71 1 158 3.9 No
Slope 0.36 No

September

Position 2.91 1 106 3.9 No
Slope 4.82 Yes

The percentage of gonads at stages 5 and 6 (pres­
pawning and spawning) rose from almost zero in June
and July to 25% in August and 82% in September (Fig.
6). This trend was parallel to the gonadosomatic index
which reached, for both sexes, a value close to 15% in
September. The gonadosomatic index was lower for
females than for males. The low percentage of stage 7
(postspawning), 1%, indicated that reproduction had
not yet started during the sampling period. Size and

Discussion

The present study is limited by its short duration of
4 months. However, the results are coherent with those
of previous studies of the genus Ammodytes. The
deposition of opaque material on the margin of the
otolith during the summer months was noted in several
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Percentage of Ammodytes americanus at sexual maturity as
the function of the total length in the months of August and
September grouped. Percentage of immatures is based on all
observations at length whether or not sex was identifiable,
whereas percentage of matures by sex is based only on fish
for which sex was identifiable.
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the winter and the opaque zone with the summer
growth period. The present results indicate that the
opaque material deposition occurred briefly between
July and September, when somatic growth is fast. The
deposition period appeared to be related to the
increase of the surface water temperature, which was
3.5° C in June, 4.0° C in July, 10.0° C in August and
7.5° C in September, during the study period (Saint­
Pierre, MS 1985). In general, due to the Labrador Cur­
rent, the surface temperature of the area remains low all
through the year, increasing from about 0° C in April to
12° C in July-August, and decreasing to 3° to 4° C in
November (Weiler and Keeley, 1980). The deposition
period lasted longer for immature than for mature
fishes, possibly due to the fact that a large part of the
energy of mature animals is devoted to the develop­
ment of sexual products. There was a close linear rela­
tionship between otolith size and the length of the fish.
Despite the fact that this relationship is curvilinear for
most species (Reay, 1972), linear relations have already
been observed by Westin et al. (1979) for A. america­
nus, Reay (1972) for A. tobienus, Macer (1966) for A.
marinus, and Scott (1973) for A. dubius.

Fig. 6. Percentage occurrence of the maturity stages (sexes
grouped), and the gonadosomatic index by sex for Ammody­
tes americanus in each month sampled. Vertical bars indicate
the confidence interval at 0.95 probability level (only one half
of the bar is presented for clarity).

previous studies. Cameron (MS 1958), studying the
Ammodytidae of the Isle of Man, concluded that
opaque material deposition occurred from March to
October. Scott (1973) associated the hyaline zone with

Ageing of the fishes using otoliths and length fre­
quencies gave coherent results over much of the age
range. A young age group (a "group 0" relative to the
age group 1 observed with the otoliths) was recognized
in the length frequency analysis. This may have been
due to the difficulty observing the annual rings in oto­
liths before age 2 (Winters, 1983). Also, there were
some inconsistencies for the oldest age group, which
may have been due to the length frequency analysis
technique being unable to discriminate efficiently the
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The lengths of the smallest mature male and
female were 85 and 69 mm, respectively. The percen­
tage of mature individuals indicate, however, that
males mature at a slightly smaller size «85 mm) than
do the females (90 mm). However, the inclusion of
immature fish for which sex cannot be identified gives a
larger size at maturity for sexes combined of 95 mm.
This indicates that the estimates based on sexed fish
only are biased downwards. These sizes are in close
agreement with results published by other authors.
Hashimoto and Kawasaki (1981) noted a minimal size
of 84 mm for the females of A. personatus, in Japan, and
Richards (1982) of 89 mm for A. americanus. Observa­
tions from the north shore of the Gulf of S1. Lawrence
indicates that maturation may occasionally occur at the
end of the first year of life but that almost all fishes are
able to reproduce at the end of their second year of life,
which is in agreement with the work of Macer (1966) for
the same species. Early maturation is not unusual for
the genus Ammodytes. Macer (1966) observed few
mature individuals of A. marinus before age 1 with
lengths of 100 mm. The same observation was made by
Reay (1973) for A. tobianus. Observations on A. ameri­
canus off the north shore of the Gulf of St. Lawrence in
this study are limited by the fact that the complete
reproductive cycle was not observed. A more compre­
hensive study should be conducted in order to get a
complete perspective of the ecology of this species in
this particular geographic area.

This study period did not cover the reproduction
period. The trends observed for the maturation of the
gonads, for the gonadosomatic index and the somatic
growth, which decreased slightly in September, indi­
cate that the reproduction period had not yet started .
Richards and Kendall (1973) observed that the sand
lances located between the latitudes 35° Nand 41° N
have a long spawning period lasting from November to
March. Richards (1982) noted that the American sand
lance reproduces between December and April with a
peak in December-January. Off the Magdalen Islands
(Gulf of St. Lawrence), Saint-Pierre (MS 1985)
observed 11% of fishes in a postspawning stage in
November. The presence of some animals at this stage
in September of the north shore of the Gulf of S1. Law­
rence may suggest that the reproduction takes place at
the end of the autumn, between October and
December.

dubius older than 1Oyears on the Newfoundland Grand
Bank, which may indicate that a greater lifespan is
associated with low growth rate.
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A comparison of the growth curve for Ammodytes america­
nus obtained in this study with published growth curves for
A. americanus and A. dubius from other areas: (1) A. dubius
Western-Emerald banks (Scott, 1973); (2) A. dubius Grand
Bank (Winters, 1981); (3) A. dub ius Banquereau Bank (Scott,
1973); (4) A. americanus Merrimack River (Pellegrini,

MS 1976); (5) A. americanus present study.

300 ---------------------,

old age groups in the asymptotic part of the growth
curve. Errors may also occur in the interpretation of
otoliths for fish older than 7 years (Winters, 1983). The
von Bertalanffy growth curve was calculated for the
ages where the two techniques produced close results.
A comparison of present results with published growth
curves for this species and for A. dubius in the North­
west Atlantic (Fig. 8) shows that A. americanus from the
north shore of the Gulf of S1. Lawrence has a slower
growth than the more southern Merrimack River popu­
lation of A. americanus (Pelligrini, MS 1976), and of the
populations of A. dubius on the Scotian Shelf (Scott,
1973) and the Grand Banks (Winters, 1981). Winters
(1983) demonstrated a significant relationship between
water temperature and the growth of A. dubius between
ages 2 and 7. The water temperature in the study area is
low, reaching a maximum of 10° C in August, which
could explain, to some extent, the low growth rate
observed in the study area. The present results indicate
that at least 75% of the annual growth occurs between
June and September. A similar observation was made
by Cameron (MS 1958) who noted little or no growth of
A. tobianus and A. marinus, around the Isle of Man,
between October and March. This is also consistent
with the results of Macer (1966) on A. tobianus, on the
English coast, and on A. marinus, in the southern part
of the North Sea.
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The maximum observed life span was 12 years in
the study area. This unusual observation may be due to
a reading error. However, Winters (1983) observed A.
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