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Introducti?n 

Young, immature herrinr; (L..:lup~ llarr:~JJC;uS L.) - so-called 
sardines - support a mrJ.jur fishery in the j-assamaquoddy Bay 
area-Bay of "'undy (ICHAli' Division 4X). 'rhe fish appear first 
in the cCltch in late fall 'dhcn they have just completed their 
fir3t year of Ufe, and domin,.te the catch in the following 
year. .b:uch year, a new, easily distinguished Y8ur-class is 
recruited to the fishery, thus offering an c;ocollent situ'3.tion 
for studying the grmvth of young, immature herrin~ in successive 
years. 

Huntsman (1')19), in a study of young herring in the area, 
reached a tentative conclusion that there were two groups of 
herring: spring-spawned fish which reached a length of 8.5 cm 
and 15 cm by the first and second winter respectively, and 
fall-sUilwned fish which reached 12.5 c,n by the second winter. 
His study Was based on the "l-'eterscn method" of assigning ages 
to modes in length frequency distributions. 

Parrish 0'13, 195') in a brief study of ilerrine otoliths 
from Passamaquoddy Bay, noticed a difference in otolith structure 
between age-groups I an,j II, and questioned whether the age-~roups 
present in any year were from a single population. 

The aim of this work was to estimate the .orowth of imnature 
herring (mainly age-group I) and attempt to identify different 
sub-populations on the basis of growth characteristics ar.j size 
at recruitment. 

Materials and Methgds 

This study is based on exa'llination and analysis or' 162 
sa,nples and 8200 pairs of otoliths fro'li the period 1965-1968 
('fable 1). The fish ranged from 75-220 mm in total lengths 
and from 0 to II years old. 

Ages were estimated from the otoliths "od each fish was 
ascigned to an a'es-group. Age definition Is based on the 
calendar year. Since the (fl1ljorlty of fish are fall-spawned, 
a fish is considered of age-group 0 until thr, end of cal cnrlar 
year following its hatching. On January 1 of the subsequcnt 
year it is considered as age-group I • 
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Separation of theoretical nor.nal distributicm curves from 
polymodal monthly length distributions was attempted by plotting 
the cumulative frequency distributions on probability paper; the 
procedure is described by Harding (1949) and discussed by Cassie 
(1960) • 

As indices of growth, relative increments nell and geometric 
(or instantaneous) growth rates "K" (Bryuzgin, 1963; Brody, 1961,-) 
Were calculated as follows: 

C = 

and 

K = 

~2 -Ll 
~l 

loge L2 - loge Ll 

t2 - tl 

where ~ and ~2 are fish lengths at time tl and t2 respecqvely. 

Hesults 

Plotting mean length at age against capture data on a time 
scale (Fig. 1) showed the ~eneral trend of growth. 'rhe relation
ship between length and time (month) for age-group I, which was 
well represented in all mqnths, was obvious but it was difficult 
to determine the growth function due to variability in salaple 
means. 

Plotting monthly mean lengths of age-group I for successive 
months (Fig. 2) produced -;rowth curves which were similarl)' concave 
upward though of different magnitude. In 1966 1967 and 19f.8 
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 erowth 
slowed down during the last quarter of each year (l'able 2). In 
any year the increment of the last quarter was smaller than the 
incre:nent of the previous quarter', ~'luctuations in monthly 
increments (Table 2) and in month~y means (~'ig. 2) reflected the 
polymodality of length frequency distributions of age-group 1. 

Separating the individual components which correspond to 
each of the modes in the polymodal length frequency distributions, 
and plotting the mean of each component at successive months 
(Fig. 3) produced growth curves which were similar to the curves 
produced from monthly mean lengths (i"ig. 2). However three length 
groups appeared in all sampling years eJ.'ig. 3). All curves were 
concave upward, indicating an increase in monthly growth rates 
until September, after which there was a tendenc:,r to a decrease 
in the last three months. 

When monthly means were plotted on semllog paper O'i~. 4) 
the points were found to fit nearly rect1linear lines. 'fhis 
suggests that the changes in length are functions of length itself 
and the lenBths of the fish at a given time would be represented 
by the growth equationl 

-. 10ge..4t = loge ~ + Kt 

where L is the value of the variate at the beginning of the 
growth p9riod,..4t is the variate at the end of the period, and 
K is the geometrIc (or instantaneous) rate of gro>lth. 
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'dIC 1~,}o:netJ'lc r:ltes or rro"'lth ('l",Ll" 2) ",lere foun,] similar 1,1) ti"1"_~ rC]:Jti'lt: inerements; '~'jc'rl h'.ld the sa;ne fluclu'J.t.iofiS u.S Lhi~ other. llo'JJever, ttl!;: ee():J~()tric r,'lte iIldic'i.tG(j u lower !lw_':nituue of growth as wou]:: be l"xpE>:ted rjuri:J'~ tl:~e first year:-; 
of life (,l"lble 2). 

Growtll of flsh of age-I:roup 1 from different fishery uistricts was studied (}'i~. ~). l.~lta were '~r0u0eJ by ~uarters in order to minimize the fluctuaU IlnS in the :n':C;:J.:-1 lengths. ~\luctuatioIlS alnone districts and between quarters ",.Jere distinct, ,lnci overlapping bctwe2n 'lu:lrtGI'ly Ifje'HJS 'IlilS obvLH1S in so'ne caSf;S. None of thl'~ fi8liery c'll:;lric:.::; te!lu~~d tc huv<; [josh uf ;:nrticular 
size. 

Discu5sion 

Thp. present study confirmed '.luntsman's (191')) conclusL)ns th".ll the ':rowln!~ seQSOn is fro,l: J·11Y to September. This differs from 1'1cFarln.nd ' s (1931) findin,r;s that the se3.S0!J of growth 
extends into the winter. 

,fluctuations in absolute monthly increments ('liable the flucL;u.'ltion5 in the :nonthly !Ilean lengths (l,'j '~. 2). Inctic:ltc3 the in:lde,!uacy of tile u~e of monthly means in 
rnonttlly f~rowth rate~. 

~) refluct 
'ihis 
co~p~rinE 

'fhe polYTllodallty of l€,l:c;th [requc:ncy distributions of fisIl of tbc S'ime at:e (::l.ge-group I) reflects the divcr;;;it/ r;f ~o!)u]nt,iorl clements exp] 01 ted by the fishery. '.this is [1} ~~o evi(~encod in the wide variation in the sQ:uple ,neuns O'ig. 1). 

fhu r;rowth curves cOl1structed from the theoretical normal curv~s of the pol~nodal length fl'equency distritluti~os (~igs. J and tt) shovled that at least three IIsize-groupsll were represent eo in a?,e-r:roup I. '['he grmvth curveS in all years of sampling were nGil.rly parallel, lndlcatlnl~ trw. t these eroups were ~rowiLg at "IJProJ(irn'ltol:; the swne f"lt.e. 'fhe C'!onsistency an(i sirnilari ty of tie t111'1'eront. growth curv~s in all years of :;iu~apli!i ~ SU(~2;est th~t tb~ difference:::; have biologic~l meaninr:. It is sugGested t'n<1t t~l:Y :lre du~ to ai:e differential resulting froL.'! spawning at dllfererlt t~mes. 

Hunts,nan (1::Htj) reported trlat both spring- cu·!."! fall-s;;awr:E.:o t!crring were' found in the Duy of r"undy. IIm.wver, thE: :~a.::it~ ':ut:r,c.r U')34) reported that spawnin~ seems to be l~radcd in time fr,,),;, e:lrly in tLc 5U;nmer to 13.te in the season. 

TiblJo, L(~gare, Scatteri~ood a.nu TempJe (1'15"'::) found IIne·,'lly h:ltehul1 lal'vae chiefly in C)epte,rbe1' and Octouur, o.nd ir. ;:;ome seasons bn tcl1ing was extended ie to j\)ove,:lb(jI' and possibly into Ucc(:mber II 

In such condit1ons, only tro e.'lrly-sp"3.'vlrlerJ w1rt (Jf tile h::ltched }aI'VCl ... couLd metamorphoEe. 'fhe remaind8r, spawned late, rrl'.:y fuil to :nGtamorphose, and o"\ierwinter. 

Das lll}('C;) 1'ow1d tlJ;., .. t the le!l,:l;h frequency rJistrlbuti')IlS of °lUtW:1n LII'V[W were bimod8.1, and ascribed ti"lnm to "broods ll 

oI'i,~;in:ttin6 \d thin the 13~lY. iie also concluded that there ''''as a. conttnuous tni~rcLtion uf {Jost-laI vue to the area dllrin~j the :~"'r:irJr~. 

Hcncu, tlie [",1'11'oe si::::e ·r.roul's which arC? stlOwn in the f~rowth c.t'.!1'V(!S (Fi '~S. 3 U!ld 4) mayor i sln8 1.:.e t'r,)i:, her ro i lib wh ich h£L tcl'lc:d in the su.n:rlGr-f'all and the sprirlg-~pawning seasons respectively. 

The fluctuations in the qll1.rterly m8ans 0'i5. 5), i1!lJ th(~ clverJa;')n.ing or 501;le of the L'iuar1.er::; probably reflect the hetero:~eneity of the ri.~>hel'Y alld the freE: mixing of the :.i:le-C;ToUpS D.!flon,.~ ;:,;amplecl fish(Jry distr.icts, This i:;; ir, ~'on[orrnity with Graham l
::; (1936) eOJl('lu~iion thai" IIthi:;I'e is aLl '1r~~1.'.!rE:nt inder1endGI.ee of the 1/1.11n stock from purely 1cJcal conditions I. lie descriLed Uw herrin'~ popUlation in the area :tS an extensive bo'ly of herrjn!~ ir: the j"'jJure ilpen sea touching tile (;Q:).2.,t here ~.:.>.; ... d tLcre. 
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Table 2. Herring length-gro~th and growth rates in 

four sampling years. 

~ 
Samplinr, year 

er month 

Month 1965 1966 1967 1968 

1 - ., - -
2 -0.9 _. 1.8 0.4 

3 2.8 -0,3 3.8 1.3 

4 9.0 1,2 -11.4 -3.4 

5 2.7 24.9 10.0 2.1 

6 3.0 -7.3 3.0 9.7 

7 2.9 24.4 7.1 -5.3 

8 16.7 -0.3 23.5 16.6 

9 0.5 19.4 11.0 21.1 

10 3.3 2.3 3.8 9.1 

11 14.0 lC.3 9.3 7.4 
12 -8.4 7."J - 4.5 

Increment in mm 
per year 45.6 82.5 62.1 63.6 
Bela ti ve growth .394 .803 .525 .528 
Geometric growth 
rate .333 .588 .423 .423 

-' 
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Fig. 2. Mean length by month of age-group I for four sampling 
years. Vertical 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 "sizllrgroups" of 
herring within age-group I (Curves are eye-fitted). 
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