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Introdugtion

Young, immature herring (Llupes harenrus La) - so=-callied
sardines - support a mujor Tishery in the rassamaguoddy Bay
area-Bay of Fundy (ICWaY Division 4X), “The fish appear first
in the cateh in late fall when they have just coupleted thelr
Flrst year of 1life, and dominate the catch in the following
year, bach year, & new, easily distinguished yeuar-class 1s
recrulted to the fishery, thus offering an exccllent situation
for studying the growth of young, immaturc herring in successive
years,

Huntsman (1919), in a study of young herring in the areca,
reached a tentative conclusion that there were two groups of
herring: spring-spawned flsh which reached a length of &.9 cm
and 19 cm by the first and second winter respectively, and
fallespawned flsh which reached 12,9 cmn by the second winter,
His study was based on the "leterscn method" of assigning ages
to modes in length fregueney distributions,

Parrish (M3, 1953} in a brief study of herring otoliths
from Passamaquoddy Bay, nobticed a difference in otolith structure
between age-groups I and II, and questioned whether the age-groups
present in any year were from a single population,

The alm of this work was to estimate the rrowth of imaature
herring (mainly age-group I) and attempt to identify different
sub-populations on the basis of growth characteristies ani size
at recruitment,

Materials gnd Methods

This study 1s based on exanination and analysis of 162
samples and 8200 palrs ol otoliths fron the period 1965-1968
(lfable 1), The fish ranped from 75-220 mm in total lengths
and from O to II years old,

Ages were estlimated frow the otoliths and each fish was
assipgnad o an arve-group, Ape definition 1s based on the
calendar year. 3ince the majority of fish are fall-spawned,
a fish is considered of age-group 0 until the e¢nd of calendar
yvear following its hatching., On January 1 of the subseguent
year 1t 1s consldered as age-group I,
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Separation of theoretlcal norinal distribution curves from
polymodal monthly length distributions was attempted by plottlng
the cumulative fregueney distributions on probability paper; the
%roge?ure is described by Harding (1949) and discussed by Cassle

1960).

As indices of growth, relative increments "ot oand peometric

(or instantaneous) growth rates "K' (Bryuzgin, 1963; Brody, 1964)
were calculated as follows:

and

where 4 and £, are fish lengths at time t, and t, respectively.

I t

Plotting mean length at age agalnst capture data on a time
scale (Fig. 1) showed the general trend of growth., The relatlon-
ship between lengthn and time {month) for age-group I, which was
well represented in all months, was obvious but it was difficult
to determine the growth function due to variability in saaple
means,

Plotting monthly mean lengths of age-group I for successive
months (Fig. 2) produced ;rowth curves which were similarly concave
upward though of different magnitude. In 1966, 1967 and 1948
sampling years (Fig., 2) growth was negligible from January to
April and in 1965 from January to March.

Comparison of monthly growth increments showed that growth
slowed down during the last quarter of each year (lable 25. In
any year the increment of the last guarter was smaller than the
inerewent of the previous quarter; Fluctuations in monthly

increments (Table 2) and in monthly means (Fig, 2) reflected the

polymodality of length frequency distributions of age-group I.

Separating the individual components which correspond to
each of the modes in the polymodal length frequency dlstributions,
and plotting the mean of each component at suceessive months
(Fig., 3) produced growth curves which were similar to the curves
produced from monthli mean lengths (Fi%. 2), However thres length
groups appeared in all sampling years Fig. 3). All curves were
concave upward, indicating an lncrease in monthly growth rates
until September, after which there was a tendency to a decrease
in the last three months.

When monthly means ware plotted on semilog paper (Fig, 4)
the points were found to fit nearly rectilinear lines, This
suggasts that the changes in length are functions of length itsclf
and the lengths of the fish at a given time would be represented
by the growth eguationi

-t loge.J% = logg 45 + Kt

where £~ 18 the value of the variate at the beginning of the
ﬁrowth pgriod, £, 18 the variate at the end of the pericd, and
is the gsometric (or instantansous) rate of growth.
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rhe roometric rates of trowth (Uwble 2) were found similar
Lu Chee relative inerements; esch had the sane fluctuations as
the other. However, the peometric rate indlcaked o lower
wa-nitude of growth as woulo be cxpected durins the lrst years
of life (I1ble 2},

Growth of fish of age-rcroup 1 from different fishery
districts was studied (Fig. %). Lata were rrouped by suarters
in order to minimize the fluctuations in the mean lengths. )
fluctuations amonpg districts and between guarters Jere distinct
and overlapping betwesn gquarterly wmeans was obvious in soMe cas
Nonne of tho fishery districis tended to have fish of particular
size.

b
G5,

Discussion

The preseat study confirmed .untsman's (1919) eonclusions
thut the rrowing season is froas Miy to September. ‘lhis differs
from Melarland's (1931) findings that the season of growth
extends into the winter.

Fluctuations in absolute monthly inecrements (Yazble #) refle-t
the fluctuitions in the monthly mean lengths (ri:, 2)., ‘this
indientes the inadequacy of the use of wonthly means in conparing
monthly zrowth rates.

the polymodality of length frequency diziributions of fisi
of the same are (age-group IS reflects the diversity of povulstion
elements exploited by the Tishery. This is also evidenced in the
wide variation in the sample ieans (Fiz, 1),

lhe orowth curves constructed from the theoretical normal
curves of the polymodal length frequency distribvutisns (Figs. 3
and %) showed that at least three "size-groups" were representec
in ajpe-pgroup I.  The growth curves in all vears or sampling were
nearly parallel, indieating that these groups were rrowirg at
aynroximntoly the same rate, The consistency and similarigy of
tne dilferent growth curves in all years of swaplin: suggest that
thie differences have biolosical meaning., It is sug?ested that
they are due tu ape differential resulting froa .Lspav.:;nin-”r at
different timeg, :

Huntsman {1919) reported that both spring- and fall-stawrea
herring were found in the Bay of rundy. However, the sane astror
(1,34) reported thatg spawning seems to be graded in time [roc
early in the sunmer to late in the season,

. Tibeo, Lngarg,‘Sca§tquood and Teuple (1175¢) found "newly
hatehed larvae chiefly in Septerber and Octover, and ir some
Seasons hatehing was extended irto Muveaber and possibly into
December M,

In such conditions, only tre early-spawned part of tlhe
hatcheq larvae eouid metamorphose. “he remalnder, spawned late
mzy fail to metamorphose, and overwinter. ’

Das (1966) Cound thalb the lenth frequency distributions of
tusn lgrvae_weye LimoGal, and ascribed them to "broods"
originnting within the Bay. ile also coneluded that there was

. . s N &
continuous migration of post-lazvae to the area durins the

SUring.

_H0n99= the three size-groups whieh are shown in the zrowth
cetves (izs, 3 and L) mey originate from herring whieh hatonod
in the swamer-fall and the spring-spawning seasons respectively.

‘he fluctuations in the quirterly means (¥ig., 5), and the
overlanning of some of the quariers prohably reffect Ehe.beééﬁo~
reneity of the Tishery and the 1rec mixing of the slze-prroups
amony sampled Fishery districts,  Ihkis is in :onformityuwith
draham's (1936) conclusion thal “there is an apparent independerce
of the main stock from purely loeal conditionsa. He described“ﬂﬂo
herrin: population in the area ns an extensive body of herrine ir
the more apen sea touching the coazt here a-ui there, o
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Table 2, Herring length-growth and growth rates in

four sampling years.

~Jhcrement inmm

Sampling year

er month
Month 1965 1965 1967 1968
1 - - - -
2 -0.9 - 1.8 0.4
3 2.8 -0.3 3.8 1.3
L 9.0 1.2 <114 3.k
5 2.7 2k.9 10.0 2.1
6 3.0 ~7.3 3.0 9.7
7 2.9 2kl 7.1 -5.3
8 16,7 -0.3 23.5 16.6
9 0.5 19.k 11.0 21,1
10 3.3 2.3 3.8 9.1
11 14.0 1c.3 9.3 7.H
12 -8.4 7.9 - 4.5
Increment in mm
per year 45,6 82.5 62,1 63.6
Relative growth L3394 .803 . 525 . 528
Geometric pgrowth
rate .333 . 588 423 423

-~
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Mean Length in mm
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Fig, 2. Mean len%th by month of age-group I for four sampling
years, ertical lines show observed ranges of lengths;

rectangles mark standard deviations with solid block
indicating 2 standard errors from the means,
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Fig. 3. Hypothetical growth curves of 3'"sizergroups" of

herring within age-group I {(Curves are eye-fitted).
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Length in mm
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The relationship of length to time (month)
for different size-groups of age-group 1

{(1ines are eye-fitted).
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Mean Length in mm
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Quarterly mean length of age~group I by fishery districts

for four years of sampling (fish numbers are shown).
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