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INTRODUCTION 

This study presenta data on the spawning and early life hiatory 
of herring (Clupea harensus ha~~~ L.) obtained from Jeffreya Ledge 
in the autumn of 1972. It i. the first atte~t to inveatigata detail. on 
spawning and early life hi. tory of herring in a specific locality in tba 
coastal watera of the Gulf of Haine. The information could incre .. e our 
understanding of the ecological factors that determine year class atrangth 
and may permit an aBsessment of the relative value of a major ap.wning 
site to tbe maintenanca of thia fishery. 

Location of spawning sites of herring in the Georges Bank-Gulf of 
Haine area bave been reported by Tibbo, Legare. Scattergood and Ta-rle 
(1956). Tibbo and Legare (19~O). Tibbo (1966). Boyar (1968). Boyar (1970a 
and 1970b). and lIoyar, Harak. Perkins and Clifford (1973) '. Boyar at al. 
(1973) refer to aeveral .pawning sites along the coastal Gulf of Maine-­
and suggest that larvae from these sites are the major contributors to 
the future herring fiaharies in the coastal waters. Sindarm.an (1961) 
and Boyar (1968) indicate that harring from the coastal waters of tbe 
Gulf of Maine may cone1st of a western aud eastern population. None of 
these investigators refer to the relative importance of anyone spawning 
site in the Gulf of Maina to tbe maintenance of the coastal population,. 

Although quantitiea of pre-spawning. spawning and spent herring 
are caught commercially fram the Georges Bank-Gulf of Haine area. little 
is known of the aize of the stocks. the distribution of, the apawning beds. 
the amount of spawned eggs and the number of larvae that survive after 
the eggs have batched. In recent years attempts have been made to study 
some of the spawning beds in the Northwest Atlsntic; namely. in the 
waters of Canada and Georges Bank. Tibbo, Scarratt and McMullon (1963) 
used free-diving techniques to .tudy a 8pawnin~ bed (.pring-May) of 
herring neaT Blanchard POint. Chaleur Bay, New Brunswick. Noskov and 
Zinkevich (1961), Anthony. Sau.kan and Sigaev (1970) and Graham and 
Chenoweth (1971) 1nvestig~ad specific apawning bed. on Georges Bank. 
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The overall obJective of th1s preliminary study was to understand 

the ecological factors that affact survival of the sea herring. we have 
speculated that herring Bpawning on Jeffreys Ledge results in a major 
source of recruitment to the fishery of coastal Maine. The presence of 
sn intensive fishery for herring s1nce 1'/67 on Jeffreys now supports this 
contention. A msjor gap in our understanding the potential yi~ld of the 
herring resource of Jeffreys Ledge has been our ignorance of the early 
life history of the fiah and the factors that affect its survival. Our 
effort in the fall of 1972 was directed t.owards' (1) locatinl!l the spawning 
Site/sites, (2) describing the egg bed-subetrate relationship, (3) deter­
mining the kinds and number of predators, and the degree to which they 
reduce the hatching potential, (4) observing the dispersal of larvae after 
hatching, and (5) defining the physical characteristic. of the water me •• 
in which spawning occur.. The .. objective. vere to be eccompliehed by 
shipboard and SCUBA diver operetiona. 

METIIOOS AND MATERIALS 

Collection of larval herring from Jeffreys by Boyar ~ a~. (1973) 
and by Graham, navis and Bickford (1973) indicated apawning activity on 
Jeffreys Ledge. The actual epawning site/aites, however, were not deter­
mined. To locate spawning sctivity, we designed a sampling grid of 142 
stations placed one nautical mile apart over a major portion of Jeffreys 
(Figures 1 and 2). Rough weather and heavy seas did not permit sampling 
at all stetione. we were eble to work only 50 percent of our allotted 
time. Discussions with commercial trawl fisherDl8n, however, led to the 
selection of certain portions of the sampling grid. In addition, local 
lobster fisherman referred ue to historical herring apawning are .. along 
the ahore of Cape Ann and at the aouthwestern end of Jeffreys. 

Two commercial fiahing veaaels were chartered for the study. 
M.V. MISS PAULA, a 23-meter aide trawler, was modified to trawl for herring, 
dredge for eggs, tow plankton nets and collect hydrographic data. M.V. 
BARBARA L, a l7~ter atern trawler, was modified to dredge for herring 
eggs and serve aa a platform for SCUBA diving operations. The accuracy of 
position location using a co.oiDation of Loran A and depth aoundinge wae 
+ 0.50 km. We planned to dredge and trawl for evidence of harring spawning 
a't deptha in excesa of 45 Ntere and aake direct observationa of the ocean 
bottom at depths leas than 45 meters. SCUSA diving at greater depth. 
requires certain aurface aupport hardware which was not available to the 
diving team during this field inve.tigation. 

Traw1~p!.. herrin.a.. Initially we used the location of active 
purse seiners as a referencs to concentrations of adult herring. Eight 
trawl sets were made on Jeffreys Ledge and three on Stellwegen Sanlt 
(Figure 1). The otter trawl was fished at 2 to 2.5 knots for 1 to 2 houra. 
Tows were I118de only when herring-lilte trscea were seen on the fish finder, 
usually between depths of 45 and 110 meters. The gonada of the herring 
obtained were examined aboard ship. Whenever posaible, 100 fish were 
frozen for future examination in the laboratory for data on age composition, 
length, weight end meturit~. Age determination. were made from otolith •. 
The age was recorded ss the number of acltual or virtual sum ... r gt"owth 
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zones on the otolith. n,e year class of the fish was recorded and refers 
to the year of deposition and hatching of the eggs (Boyar, 1968). Juvenile 
and adult herring were measured (in cm.,) from the tip of the lower jaw to 
the end of the longest lobe of the tail, with the fish lying in a natural 
position (natural total length). The maturity scale proposed by ICES in 
1964 was u.ed in the cla •• ification of the various gonadal .tase. (Boyar, 
1968). 

The stomach. of all othar fish o~taineJ from the trawl. were 
examined aboard .hip to determine whether herring, herring and their 
eggs, or merely the eggs of herring were eaten. Egg. obtained from the 
stomachs of predators were preserved in three percent buffared formalin 
or were frozen for later dete~ination of egg fertilization and call 
cleavage. 

p!ed$,1njlfor ej~. A I-meter Naturalist dredse was used to obtain 
samples of the Ifubstrate and attached herring eggs. Samples of associated 
macrofauna were also collected and preserved in five percent buffered 
formalin. The dredge was fished as the vessel drifted for 5-10 minute •• 
All tows were made in daylight because of the ·presence of pur.e .einer. 
and mid-water trawler. on our .ites of sampling during the evening. A 
bull-hide was secured to both outer sides of the net to prevent tear up •• 
The mesh size of the net (stretched) was four mm. Sixty-one dredge tow. were 
roade by H.V. HISS PAULA and 36 by H.V. BARBARA L. at selected .tation. 
(Figures I and 2). Some stations were sampled more than once. An exa.­
ination of the substrate and its fauna was made during the search for herring 
eggs. The eggs obtained from dredging were preserved in three percent 
buffered formslin for examination in the leboratory. Buoys were eet at 
stations where eggs were found. Additional tows in close proximity to 
stations where eggs were obtained were made in the vicinity of th •• e b~QY' 
to determine the e~tent of the egg .. es. 

J~ing for larvae. Paired bongo nets were used to collect larval 
herring (Poegay and Marak, 1971). The bongo nete had a mouth diameter of 
61 cm and a meeh size of 0.505 and 0.333 mm. Duration of tow depended 
upon water depth. The net wae let out at 50 meters per minute to approx­
imately 1 to 2 meter, above tha bottom and was retrieved at 20 meter, per 
minute. Vessel speed vae two knots. Flow meters were IDQlJIlted indde the 
central rim of the bongos. The meters were calibrated prior to and at 
the completion of this field Itudy and both differed only by 0.0050 meter. 
l/revolution. The calibration. for practical purpose, were identical. 
The meters were read Prior to and at the completion of tha tow and 
provided a measure of the volume of water strained in cubic meter.. All 
larvse obtained were counted and measured (T.L. in mrn) in the laboratofY. 
The number of larvae obtained was divided by the cubic Detere of water 
strained and ~ltiplied by 1000 givins a larval herrins coootntration per 
1000 cubic .. c.r. of water. 

" 
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Prior to the peak of apawning, plankton tows were made at 25 of 
the 141 stations. Onca the spawning site was defined and the peak of 
spawning had occurred, a .econd aampling grid was designed. Stationl/ were 
positioned at four nautical mile intervals along the imaginary spoke. of 
a wheel radiating from the center of spalffling. The central point wa. 
sampled six ti.es while traversing the eight transect lines. Forty-six 
tows were .. de. Tha contenta of the plankton nat. were preserved in a 
10 percent buffered formalin solution. 1'he _jority of tows were ude 
during daylight. Bathyther.agraph casta were made at aelected .tatione • 

. SCUIIA surveL~.!--E~_..b~_~2!!'.' Surveya with SCUIIA and photographic 
documentation of the sea bed was accomplished in potential spawning area. 
On Jeffreys to depths of 45 meters (Figure 3). Dive sitea correa ponded 
with (1) hhtorical spawning sites as determine.1 from conversations with 
local fishermen and (2) location of the fleet of pursa seinera. Each dive 
station was buoyed. Two divers searched approximately 1000 square meters 
of ocean bottom and recorded their obeervations of substrate type and the 
resident fauna. Total area of ocean bottom examined on Jeffrey, Ledge was 
aoproximately 6000 m2. 

An extensire survey with SCUIIA was also conducted on historical 
spawning ground. ~n the vicinity of Cape Ann (Figure 3). A pair of divers 
were towed over the ocean bottom by a 7-meter power boat at two to three 
knots for diatancea of 0.46 to 2.8 km. The dive team examined a band of 
ocean bottom approximately six metera Wide. Total area of aea bed ,xa.ined 
was approxtrn.tely 75,000 m2 • 

RKSULTS 

Samples of adult herring were collected from eleven locations during 
September and Octoher (Figure 1). 

~e_~nd length. Herring obtained in September were dOminated by fish 
of age-group IV (1968 year cla.s), follo.-ed in percentage occurrence by Uah 
of age-groupa V, III. VI, VIII+, VII, VIII and II, respectively (Figure 4). 
In October, Uah of age-group. Ill, IV and V (1969 1967 year cl"aea, 
respectively) were dominant, followed in percentage occurrence by fiah Qf 
age-groups VI, II, VII, VIII+ and VIII, reapectively (Figure 4). ' 

Herring obtained 1n September ranl;ed in length fro .. 22.0 to 35.5 CII, 

and from 20.0 to 38.0 em in October. 1'h" length frequency distribution of 
these fish are presented in Figure 5. The mean lengths of herring of a 
particular age-gr'oup collected in Septemher and October were aimilar (Table 1). 
A higher perCentage of Uah of age-group" II ad III wra obtained 10 October. 
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Table 1. Mean lengtha (T.L. in cm) of herring of varioua 
age-groupa frOID Jeffrey. Ledge, September and 
October, 1972. 

----.-------------- -Month oCC.p-tu-r;- ----------

!<.iJ.e_ irouP 

II 
III 

IV 
V 

IV 
VII 

VIn 
VUH 

September October 
Number_.!'IIan len.8!!!.._-_..!Iumb_~ __ .. an length __ 

2 
23 
45 
34 
13 

3 
3 

10 

133 

22.4 
25.9 
27.3 
29.1 
30.5 
32.3 
33.2-
34.1 

66 
126 
120 
126 

69 
54 
25 
32 

618 

22.1 
26.0 
27 .5 
29.2 
30.9 
32.2 
33.2 
34.4 

Gon_adal development: An examinaUon of gonads of adult herring 
collected by co_reial vesaele fishing Jeffrey8 Ledge waa made in the 
first and second weeka of September. In both examinationa, at leaat 95 
percent of the fiah had not apawned, the remaining five percent were 
recently apent. Examination of the gonada of herring collected on H.V, 
MISS PAULA a180 indicated that the onset of apawning on Jeffreys occurred 
in early September. Gonadal development of all herring semple. obtained 
on H.V. HISS PAULA are ahown in Table 2. 

Fiah of gonadal atages I and II ara immature herring (juveniles) 
and the majority of these would not spawn for two to three yeara from their 
time of capture. Fiah of gonad atage III obtainad in the autumn, although 
maturin~, would not apawn until 1973. To simplify the comparison of gonadal 
development of apawning herring obtained from Jeffreys, we have presented 
the data u81ng only full (stagea IV and V). spawning (stage VI), recently 
spent (stage VII) and recovering spent (staae VIII). We have aleo combined 
the data from the samples collected on the .aue day (Table 3). 
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Table 2. Percentage occurrence of gonadal stages of all herring for each semple obtained from Jeffreys Ledge in ~ptember ~d October, 1972. 

---------------.- PERCENTAGE OCCURRENCE BY DATE 
SEPTEMBER OCTOBER 

22 25 27 "2--2- 5 9 11 18 18 18-Gonadal SMiPLE SIZE 
...!I_tage ----190 33 55 32 68 26 100 122 100 82 88 

I 2.0 9.1 2.9 34.4 3.8 10.0 --~ 35.0 4.9 1.1 II H.O Zl.2 9.1 41.2 31.2 57.0 1.6 4.0 40.2 46.6 III 6.0 6.1 3.6 1.5 3.1 3.0 3.0 2.4 5.7 IV 18.0 12.1 l4.5 7.8 3.1 1.6 2.0 ---- 1.1 V 39.0 48.5 52.8 28.0 3.1 23.1 59.9 1.3 2.3 VI 1.0 9.l 1.8 7.8 6.3 15.4 29.5 3.0 4.5 VII 6.0 9.1 11.8 12.5 26.9 18.0 6.6 14.0 23.2 23.9 VIII 1.0 3.0 --- 6.3 30.8 12.0 0.8 39.0 28.0 14.8 
-.:---- --- ._._-_ .. __ . 

, , 

Table 3. Percentage occurrence of gonadal stages of mature and spawning herring obtained from Jeffreys Ledge in September and October, 1972. (Sample. obtained OIl .e ... day hllve been combined). 

------ .. --
Gonadal SEPTEMBER OCTOBER _!!_~ _____ ~]l. 25 27 ·--r-s- 9 -11--18-------- ----_. 

IV 27.7 16.7 18.6 12 .8 ---. 1.7 2.1 V 60.1 66.7 67.5 42.6 24.0 60.8 2.1 VI 1.5 12.5 2.3 14.9 16.0 30.0 5.0 VII 9.2 11.6 25.5 28.0 60.0 6.7 38.0 VIII 1.5 4.1 4.2 32.0 40.0 0.8 52.8 -------- ---_. 
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In September 86 p.rcent of the fish of gonadal atagea IV to VIII were full (atagea lV and V), four percenl: wera .pawnillg, stght percent were recently ep.nt and two parc.nt were r.coverins. In the fir.t two weeka of October, 49 percent of the fiahw.re full, 21 perc.nt wera apawuina, 20 percent ware r.cently ap.nt .nd 10 perceot were recoverina. Tha mean lengtha of herrina of maturity etaaa IV ~d V ware 28.2 and 30.9 em, r.e­pectively; the rana .. 10 lanath wera 25.!>-33.5 .cd 28.0-34.5, raapaCtivdy, In the aampl.a obtatoed to the third week. of Octob.r, only aix p.rc.nt of the fiah w.ra full, five percant were ap.wntoa, 38 percant r.cently .pent and 53 perc.nt r.coverina. 11\a actual pi,. of epawoins, ther.for •• probably occurred durina the firat two or thra. we.k. of Octob.r. Additional .videnc. for the above .pewninS tima waa provid.d by information from the captain. of purae •• in.re fi.hina for h.rring who de.cribad the condition of the fi.h to ua. In additiOli. we not.d that their ve .. ela war. lDOat acUw betw .. n tha •• date., and by October 21, the qajority of the ve •• el. had c .... d fi.hina. augge.ting that the .pawning cOlicentr.tions of fi.h had diap.r.ed. A fl •• t of about 40 v •••• l. froa Europe, engaged in add-water trawlina, replaced the departed .. ~era. The •• v •••• la were active for a f.w day., but our obaervation we. ~at thay wer •• pending most of th.ir ti .. looking for herring. We did ~ot crewl for herring after October 18. 
\ 

~p~da: It wa. aaaumed that the major concentration of herrin a was where the purae aeinera were actively fishing (between atationa 66-67 and 106-142, approximately 42·46': 70·11' and in an area where we did lDOat of our trawling (Fiauraa 1 and 2). A aecond conceotration of herring w .. southweat of the above-_otiOlied area at .• pproxi .. tely 42"40'; 72·25', in the vicinity of atation 27 (Figure. I and 2). we did not collect herrioa at the lattar aite, but ware informed of thair praaence by co.mercial fisherraan. In addition. the fhhermen g8'Ie u. laraa aampl.a of agga of herring obteined frail the et~che of cod:fish takan in thh area. Theae eggs were fertilized and cell divi8ion had begun. We did not obtain egga from any of the groundfiah caught by H.V. MISS PAULA, but did note that in many cases, cod. &OPkfiah and Whiting had eaten antire harring. 

Uredging for egga began on September 25. The .tation number., depthe, types of aubatrat. and pra8enca of agga are ahown in Table 4. A total of 15 atations wer. aamplad befora aggs were found at .tation 57 on OctOb.r 5. lne egg8 wera on .calaa of herring which led ua to baliave that thay auat have been aqueezed out of fa .. le. during the pravioue II1ght'. pur .. eeioto. opera tion. None of th41 ell8e wer. fartil1::ad. 

" 
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Table 4. Stations where dredge sets were made on 
Jeffreya Ledge, September-October 1972 
(*retara to a Bet between 2 atation,). 

------- --------------Depi:h-----l'ypeof-
Station Da~ ___ J!l~rs) Buhatrate --------

III Sept. 25 lot: ,and-gravel 
10 " 29 4E gravel-rock 
25 " 29 ];; clay-gre".l 
66 Oct. 4 51 bedrock 
67 4 5! gravel-rock 68 4 59 Band-gravel 69 4 5] gravel-rock 106 4 62 sand 

142 4 44 aand 
46 5 loB aand-gravel 47 5 49 bedrock-rock 48 " 5 46 bedrock 
49 " 5 59 bedrock-rock 40 " 5 60 rock-boulder 38 .. 5 60 rock-boulder 57 " 5 57 gravel-rock 37 " 5 48 aand-gravel 133 " 5 38 rock-boulder 24 " 5 51 sand 
63 .. 5 95-101 sand 
64 .. 5 57 aand-rock 65 .. 5 59 bedrock-rock 108 .. 5 55 bedrock 
54 .. 5 53 gravel-roc" 55 " 5 51 clay-roclt 
56 .. 5 55 bedrock 
57 .. 5 60 aand-rock 
57 .. 5 57 gravel 
57 " 5 59 gravel 
64 .. 5 58 sand 
57 " 5 60 sand-gravel 66 .. 6 51 gravel-rock 66 .. 6 35 bedrock 

142 .. 6 33 bedrock 
106 " 6 77-81 gravel-rock 
105 .. 6 66 sand-gravel 104 .. 6 66 sand 
101 " (> 77 Band 
100 " 6 70 gravel-roclt 
107 " 6 64 gravel-rock 
52 " 6 123 mud 
98 " - 6 59 Band-gravel 
97 " 6 60 rock-boulder 
96 .. 6 71 gravel-rock 
95 " 4.. 59 badrock-rock-

boulders 

----Egg8-
+ -...--

+ 

+ 

~ 

~ 
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lable 4. cont. 

-. ------- ... ------.---------------.-- ... --... -- ... ~----Depth Type of Eas. 
St!l~ Oate (meten) .ubstrate + --.---- --_.-._._---- •.. 

94 Oct. 6 104 mud 
93 " 6 55 bedrock-rock 
92 " 6 57 sand-rock 
91 " 6 93 sand 
70 " 6 53 sand-rock 
69 " 6 55 .and-rock 
57 " 10 55 clay-gravel 
38 II 10 64 lIIud-gra .. l 
38 " 11 49 rock-boulder 
39 " 11 48 rock-bou1der 
62 II 11 64 aand 

*25-121 II 11 55 aravel 
121 " 11 44 gravel 
121 II 11 38 bedrock-rock -
135 " 11 42 gravel 

*26-121 " 11 49 aravel 
135 " 11 38 gravel 
136 11 49 ara".l • 
28 11 51 sand 
29 11 55 .and 
30 11 59 .and 
31 11 51 gravel 
32 11 48 gravel -

142 14 35-37 bedrock 
142 14 37 bedrock 
57 " 14 51 rock-boulder ... 
66 II 14 59 sand ... 
64 " 14 59 rock-boulder 
64 " 14 59 rock-boulder 
40 " 14 48 rock-boulder 
62 " 14 59 gravel 
63 " 14 57 clay-gravel 
64 " 14 53 bedrock-rock- ... 

boulder 

* 64 " 14 53 rock-boulder + 
* 64 " 14 55 rock -b oulde r + 

65 " 14 48 gravel -
108 " 14 56 sand-gravel -

99 II 14 58 sand-gravel 
68 " 14 55 eand-rock + 
67 II 14 66 cl"y-rQck 

FlO 

• 
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Table 4. cont • 

.. _- .. _------ --oepth- Eggi-Type of 
Station Date (metera) aubatrate + 

*67-64 " 14 58 clay-rock + 
56 " 14 53 rock-bouldar + 

135 " 14 56 graval-:-rock 
63 21 57 graval 
57 21 55 graval 
56 21 SS graval 
55 21 53 gravel-rock 
68 21 S5 sand 
67 21 62 sand 
64 21 51 gravel 
64 " 21 50 gravel 
64 " 21 51 gravel 
64 " 21 51 graval 
64 " 21 50 gravel 

On October 14, wa obtainad our firat aa~la of fertilized egga at 
station 57. Wa continued dredging at adjacant atationa and collectad 
sample. of agga from atationa 66, 64, 68, and S6; water depth at thaaa 
stationa ranged from S3 to 59 metera. In addition, egga were collected 
between stations 64 and 67, the water depth was approximately S8 metera. 
Eggs collected were in clumps, and the layers were never more than fiva mm 
thick (daep). lbe mOst eggs collected in a tow were approximataly 500, 
A shipboard examination indicated that these eggs had been fartilized; 
cell cleavage was visible and in many cases the beginning of tha fora&tion 
of the larvae could be seen inside the egg. Bottom temperatures ranged 
from 7" to 8,S· C. 

The egga from our collections with the dredge were from substrate 
comprised of houlderl, rocks and gravel. The bottom where fertilized aggl 
were obtainad from the Itomachs of cod was examined by the SCUBA team. 
lvidence of spawning was not found. It, too, was a rock-boulder luhltrate. 
SCUHA observationa of the subatrate and attached agga wera not po.aibla at 
station 64 and immediata Vicinity baceu.e of excaa.iva dapths. 

Herring egga were not found on the 75,000 m2 of aea bad examined by 
the divers in the vicinity of Cape Ann, Subatrate ranged from bedrock to 
rock to aand and mud; depth from 10 to 30 matera. Discusliona with 12 
fishermen fiahing lobater trapa along the ahoraa of Capa Ann gave our 
research team tha i~r .. aion that herring spawning hera had baan a common 
phenomenon until about 1967. ~tnce that time evidence of spawning, egga 
attached to lobater (t..hing gear, was non-existent. Neither wa. thara F 11 
evidence of apawning durln_ Saptamber and Octobar of 1972. 
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Plankton tows for larval herri~: Larval herring (yolk-aac aod poat 
yolk-sac:) were first c:ollec:ted at three sl:ations (42, 65 and 110) on 
September 27. Theae larvae were considered to be from the onaet of apawping 
on Jeffreya (Table 5). On October 3 and 4, we collected larv .. at all 
seventeen atationa sampled (Figure 6). The length frequenciea of larv .. 
obtained 00 September 27 and October 3, 4, 18 and 21 are given 10 Table 5. 

The number of lervae collected at eac:h atation, date of c:ollection, 
mean length, ranse in length. volu .. of water filtered end the ou.ber of 
larvae per 1000 .. teral of Water .trained are presented in Table 6. 

The lerv .. collected ranged in length from 6 to 28 _. Hean leogth 
ranged from 7 to 15 81m. Towa from Septe~er 27 to October 4 yielded only 
a few-yolk-aac larvae. By ~ ma tha yolk-eec: had bean abaorbad in almoat 
100 percent of the larvae. Larvae collected on October 18 and 21 ranged io 
length frOID S to 29 .... with meana from 8 to 15 _. loa .hOWP 1n Tabla .5. 
considerable nu~.r. of l.rv .. were obtained on October 18 and 21. , 

Teble S. Lenath f~equeDc:le. an4 ... 0 1enatha of larvaa obtai ... fr~ 
Jaffray. ~d8' during September and pctober. 

Length Serta.ber Oc:tober 
(TL in an) 27 1 4 18 21 

S 11 1 
6 1 21' 12 
7 2 267 244 
8 2 179 198 
9 2 1 139 18 

10 -- -- 133 IS 
11 4 16 2 124 9 
12 40 8 93 S 
13 ~. 35 9 18 a 
14 7 4 19 .. 
15 6 4 23 --
16 1 -- 8 1 
17 3 1 5 2 
18 2 1 8 1 
19 3 13 1 
20 -- 1 18 1 
21 -- -- 18 2 
22 -- 1 7 --
23 3 5--
24 1 1 1 
25 -- 2 
26 
27 --
28 1 
29 1 
30 

13 14 9 8 
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Table 6. Larval catch data for herrin& ... ple. taken fraa 
Jeffreys Ledge in September and October 1972. 

a-ber Vol_ H2O I.ber of 
StaUon of Mean lan&Il in • trained larvae 
Number 

110 
42 
65 
66 
56 
38 
40 
54 
68 

105 
142 
63 
26 

133 
13 

138 
7 
8 

137 
13 
10 

9 
63 
57 
56 
55 
68 
67 
64 

142 

Oate larvae le2lth lenath . (.3) 11000a3 

27-9 6 8 6-11 348 17 
27-9 3 9 8-11 436 7 
27-9 2 10 9-11 532 4 
3-10 8 12 11-17 327 24 
3-10 19 13 12-19 364 52 
3-10 41 12 11-1' 189 217 
3-10 18 15 11-24 377 48 
3-J,0 16 15 12-19 573 28 
3-10 10 13 11-15 393 25 
3-10 6 13 12-28 491 12 
3-10 27 14 11-22 735 37 
4-10 4 13 9-17 446 9 

18-10 120 10 5-22 341 352 
18-10 63 9 6-16 357 176 
18-10 385 9 5-23 430 895 
18-10 '192 10 5-24 411 467 
18-10 ~29 7 5-23 290 445 
18-10 .n 10 6-23 337 214 
18-10 56 10 6-22 342 164 
18-10 159 10 6·,22 319 498 
18-10 62 12 7-23 549 113 
18-10 65 10 7-21 338 192 
21-10 44 8 6-13 321 137 
21-10 108 8 6-25 320 338 
21-10 161 8 5-17 265 608 
21-10 16 9 7-19 320 50 
21-10 2 15 8-21 180 11 
21-10 26 7 6-24 466 56 
21-10 113 8 6··21 274 558 
21-10 6 13 7~29 264 23 

The number of larvae/1000 .3 of water was considerably higher for 
the ssmples taken during October 18 and 21 than thoae taken on September 27 
and October 3 end 4 with the excaption of statton 38 on October 3. We 
assumed that the peak of spawning had subsided by October 20 end the arid 
shown in F1aure 7 was de.ianed. 

Plankton tows on all the stations of the eight tracts were COMPleted 
in eight days (October 22-29, 1972). The lenath frequencie" ran .. in lenaths 
and mean length, dUrina thi' period are ,hOWD in Table 7. 

The date of collecUon, number 'If lerv .. , ... an length. range in length. 
volume of weter filtered, and the number of larvee per 1000 .3.ot water 
strained are shown for eech 'tetion in Table 8. F 13 
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Tab]" 7. Larval catch data (combined) tor herring obtained from Jeffrev. 
Ledge and adjacent waters during October 1972 • 

. .... - ------------Length-Tri.quenc1ea of larva! herrins 
Length ______ ~led hetwee'n 22 and 29 October _____ .. 
. (:r~ J.!' __ ~) 22 25 26 27 29 ---------- ----. -----... -. -_ ... _----._. 

5 1 1 8 
6 7 18 6 185 14 
7 63 49 43 624 292 
8 68 42 75 . 154 168 
9 15 6 33 H 23 

10 16 11 13 40 24 
11 22 3 8 25 19 
12 21 4 11 16 7 
13 32 5 12 8 1 
14 11 3 15 22 4 
15 11 1 11 18 11 
16 3 1 6 21 13 
17 2 7 6 3 
18 2 1 4 4 4 
19 3 3 3 3 
20 3 2 2 
21 2 1 2 2 
22 .. 4 1 3 1 
23 1 1 1 
24 1 1 2 1 
25 
26 1 
27 
28 3 
29 

. _ }9 ______________ . ______ .. __ . ______ . --------_ .. 
.. 
X 10 9 _~ _____ 8 ___ . ___ _ 
.----~ 

The range in .. an length of 1arvee collacted frail the IItattooll w .. 
7 to 24 mm; the range in length was 5 to 28 ma. The ranse in length of 
their mean for each date of sampling was 8 to 10 mm. As previoualy stated, 
by 'l DIll the yolk-sac had been absorbed jln the majority of larvae. If we 
use only larvae collected with a range in length of 5 to 8 ma, the per­
centages of yolk-sac .pecimen. collected on each of the .amp1ing daYI for 
October 22, 25, 26, 27 and 29 were 48.9, 72.4, 50.0, 81.0 and 79.2, 
respectively. 

The distribution and relative abundance of the larvae are .hown in 
Figure 7. Reference to Figure 7 and to Table 8 .how that very few larvae 
were obtained ea.t of longitude 70°08'. In addition, relatively faw larvae 
were obtained at IItations Fl-F3. The majority of the 1arv .. were collected 
west of long~tude 70°08' and between la1titud.s 42°30' and 42"52'. Specimen. 
collected at atations between the follOWing coordinates: northern - 42°51'. 
eaatern - 42°47'; lIoutharn - 42°38' and western - 42°51' and bo~ded by 
70'10' and 7Q022' had a .. an length of 7 to 8 __ (e~ept at the center point 
On 29 October ",hen the _an 1an&th w .. 12 _). 

' .. F 14 
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Table. 8. Larval catch data by sampling station for herring collected on 
Jeffrey, Ledge in October, 1972. 

-- .---- - ------ Number---- Hea" --- --"Ranga-- _ .. _-,. __ . --
Station of length in Volume H2O No. of l\rvae 
_.2!2 --' ____ E!.~. larvae (TL in mm) length /,.3 /1000 ~ ___ 

Al 22-10 61 14 9-22 443 138 
A2 22-10 43 11 8-16 325 132 
A3 22-10 15 12 7-22 1089 14 
Ai, 22-10 46 8 6-15 288 160 
A5 22-10 10 7 6-8 493 20 

Canter Pt. 22-10 51 8 6-13 417 122 
114 22-10 0 468 0 
113 22-10 12 8 7-11 327 37 
112 22-10 24 9 6-21 3'2 70 
III 22-10· 20 9 7-14 447 45 

Center Pt. 25-10 73 7 5-13 288 253 
C5 25-10 29 9 6-14 1075 27 
C4 25-10 \ 42 9 7-16 943 46 
C3 25-10 \ 0 1033 0 
C2 25-10 0 740 0 
Cl 25-10 0 764 0 
01 25-10 0 770 0 
02 25-10 0 1265 0 
03 25-10 1 18 18 1021 1 
04 25-10 6 21 20-23 981 6 
05 25-10 1 24 a 792 1 

Center Pt. 26-10 60 8 6-19 307 195 
H5 26-10 35 10 7-18 362 97 
H4 26-10 41 12 5-19 772 53 
113 26-10 39 10 7-23 713 55 
H2 26-10 17 11 7-17 975 17 
III 26-10 58 10 7-24 568 102 

Center I't. 27-10 170 8 6-20 342 497 
(;5 27-10 474 8 5-28 299 1585 
(;4 27-10 ·99 9 6-28 349 284 
G3 27-10 17 14 9-22 790 22 
G2 27-10 27 13 8-18 541 50 
G1 27-10 13 13 B-24 353 37 
Fl 27-10 4 20 18-21 1040 4 
F2 27-10 0 747 0 
1'3 27-10 4 12 9-14 627 6 
~'4 27-10 209 7 5-16 284 736 

Center Pt. 27-10 171 8 6-24 425 416 
05 27-10 6 7 f-7 412 15 

Center Pt. 29;"10 97 12 f-22 454 214 
E6 29-10 416 8 f-16 237 2051 
E5 29-10 6 9 i-IS 345 17 
E4 29-10 5 19 Il-24 534 9 

Gl E3 29-10 1 111 18 725 1 
1::2 29-10 1 " 

20 20 814 1 
E1 29-10 2 13 H-14 735 3 
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The percentage of the length frequency distributions of the larvae 
collected at each staUon are shown in Tables 9 an~ 10. The lengtlul have 
been combined into four millimeter groupings. 

Table 9. Percentage occurrence of 1engtha (4 DUD groupinga) of larval herring 
from Jeffreys Ledge, September 27, October 3, 4, 18 and 21, 1972 • 

. ------. "Totil no. 'Percen tase of Lensth GroUPs- ------Station 
Uate number of larvae 5-8 9-12 13-16 17-20 21-24 25-28 -29-32 --------- ----
27/9 110 6 67 33 
27/9 42 3 33 67 
27/9 65 2 100 
3/10 66 8 50 38 12 
3/10 56 1, 53 42 5 
3/10 38 41 61 39 
3/10 40 18 33 44 23 
)/10 54 16 25 38 37 
3/10 68 10 40 60 
3/10 105 6 50 33 17 
3/10 142 27 37 52 7 4 
4/10 63 4 25 50 25 

18/10 26 120 50 36 5 7 2 
III / 10 133 63 40 55 5 
lli/10 13 385 64 24 8 3 1 .-
18/10 138 192 47 40 5 6 2 
Iii / 10 7 129 86 11 1 1 1 
11i/1O 8 72 46 41 11 1 1 
lli/l0 137 56 23 64 9 4 
Ill/ III 12 159 17 54 2 4 3 
lli/l0 10 62 23 511 5 3 11 
Ill/I0 9 65 28 63 5 3 1 
21/10 63 44 8:& 16 2 
21/10 57 108 86 12 2 
21/10 56 161 89 9 1 1 
21/10 55 16 88 6 6 
21/10 68 2 50 50 
21/10 67 26 96 4 
21/10 64 153 90 8 1 1 
21/10 142 6 66 17 17 

G2 
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bble 10. Pereeute.e oeeurreuee of 1enatha (4 ... roupin,a) of 1erve1 
herriu, fra. Jaffrey. Led.e, October 22, 25, 26, 27 aDd 29, 1972. 
(c.P. equals Center Point) 

Station Total no. Percenta~e of len~~ouf. 
Date H_ber of larvae ,';8" -- - -9'-TI - -Tf-TrT7';"2lf-' - 4" ---'}"5';;28 - - -

22/10 Al 61 30 55 12 3 
22/10 A2 43 12 5'3 35 
22/10 Al 15 13 54 13 20 
22/10 0\4 46 78 15 7 
22/10 AS 10 100 
22/10 e.p. 51 88 10 2 
22/10 III 12 92 8 
22/10 B2 24 75 21 4 
22/10 81 20 55 35 10 
25/10 C.P. n 85 12 3 
25/10 C6 29 52 II 17 
25/10 C5 42 79 14 7 
25/10 D3 1 100 
25/10 04 .. 6 -- 50 50 
25/10 D5 1 100 
26/10 C.P. 60 82 8 5 5 
26/10 H5 35 46 40 11 3 
26/10 H4 41 24 32 32 12 
26/10 H3 39 43 28 26 3 
26/10 H2 17 53 6 35 6 
26/10 HI 58 41 36 14 7 2 
27/10 e.p. 170 83 9 6 2 
27 /10 G5 474 88 7 2 1 1 1 
27/10 G4 99 66 23 10 1 
27/10 G3 16 38 44 12 6 
21/10 G2 27 4 41 44 11 
27/10 G1 13 16 38 38 8 
27/10 Fl 4 75 25 
27/10 F3 4 50 50 
27/10 1'4 209 94 4 2 
21/10 e.p. 177 18 15 4 1 2 
27/10 D5 6 100 
29/10 C.P. 97 11 48 30 9 2 
29/10 E6 486 94 5 1 
29/10 E5 6 66 17 17 
29/10 E4 5 20 20 60 
29/10 E3 1 100 -
29/10 E2 1 100 
29/10 El 2 50 50 
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DISCUSSION 

In recent years, the fishing industry of the United States has 
intensified its efforts to harvest the Atlantic aea herring. At the aame 
tiDle, other nations of the world have come to the waters of the Northwest 
Atlantic with the same goal in mind. The herring is important commercially 
ss food for humans and lower animals, lobster bait, fish meal, pearl sssence 
and oil extract. The average total tonnage (moatly adulta) landed from 
Georges 8ank for 19611 through 1911 was 257,000 metric tons. In the Gulf of 
Maine the average tonnage landed (adults) was 42,000 metric tons. 

~'iahermen from the United State" have been concerned with increaSing 
their catches of juvenile herring and fishecmen from other nations with 
increasing their catches of adult herring. Within the last five years there 
hss been a conc"rted effort by a segment at th" U.S. fishermen to also harveat 
adult herring. An area which they have fished extensively is Jeffreys Ledge. 
VesRels frolll other nations are now alsO fishing thi8 area. 

In 1972 approximately <),026 metric tons of herring (primarily adu1ta) 
were obtained by U.S. fisherulen from Jeffreys Ledge alld contiguous waters. 
The tonnage obtained by other vessels from thls area 18 not yet docuDlI!n·led 
for 1972. The resu1 [s of our studies as we 11 as those of Graham, Chenoweth 
and Davis (1972) and' the "Working graUl' on 10int aurvey of larval herring 
in the Georges Hank-Gulf of ~aine area (ICN;\F Subareas 4)(, 5Y and 5Z)" (1972) 
indicate that the stock of herring from Jef freys Ledg .. makell a substantial 
contribution to the fishery for herring in the inshore waters of parts of 
the Gulf of Maine. Additional proof is thaI: although there is no doculllllntation 
of a large .Iuvenile fishery on JeffreyCOi, herring spawn in these waters. 

The fall, 1971 investigation on Jeftl-eys Ledge was a preliminary .tudy 
of the spawning aud early life hi. tory of the herring. The spawnin~ area 
including suustrate type and phys1cal characteristics of the water mass, 
time of spawning and d1aperllal of the larvae was documented. In-situ ob­
~ervations on spawning, predation on the efa~8, and hatching were not possible 
because of the depth limitations on the SeUIIA team. 

)lorta11ty processes act1n~ on thls ellrly Ufe history stage, as 
investil:ated by Noakov and Zink.evich on Georges Ilank (1967), may effect 
recruitment levels through (1) over-thick.ness (layer depth) of eggs OIl a 
specific bed with suffocation of the bottom layer of eggs (2) predatiOn of 
the eggs, (3) unsuitable substrate Cor egg adhesion (4) wlfavorable phyaical 
and chemical conditions of the wster mass, (5) dillturbance of the egg bed 
through fishing operations (1.e. - trawling) and (6) low nuuber of viable 
eggs due to insufficient sperm cover. Direct measurements on these factors 
.ia diverlscientists is planned for the fan of 1973, uains a divar lock-gut 
lehic Ie. 

Trawl collections of pre-spawning, spawning and post-apawning 
herring indicated that the 1967, 1968 and 1969 year classes were dominant 
in th" samples. Of these, the ma10r lty of fish from the 1969 ysar cl88a 
would not spa~l until 1973. Fiah of age-groupa IV to VIII+ spawned at 
least at two sites On Jeffreys. The site where the majority of the fish 
congregated was at approximately 42"46.0'; 70·11.0'. The aecond spawning 
site was lit approximately 42~~O.O'; 72"25.0'. Although it hes been pro­
posed thar. herring SChool accord1ng to size. our catches indicated that 
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herring of varyin!! aize. of an age-group and .everal age-groupa were mi_d. 
There was no indicstion that older flah .)r the large fish of an age-group 
spawn first, move off the spawning ground, and are !replaced by the amaner 
fish of the aSe-groupa as reported by Boyar (1968) for Georges Bank. 

Larval catches indicate that the onset of spawning OIl Jeffrey", 
occurred in early September. The peak 01 8pa~ing occurred during the firet 
three week .. of October; the DlAjorHy of ;he flah bad dropped their egga by 
OCtober 20. Newly hatched larvae, 6-8 Inn long, were relatively abundant OIl 
October 18, auggesting that apawning had occurred one to two weeka earlier. 
Our results are sim11ar to thoae of Grah,am and Chenoweth (1973) who reported 
that On Georgea llank the bulk of apawning 1e cOllpleted in approxi .. tely tan 
days. 

The herrtng on Jeffreya apawned in watera of 53-59 meter.. The 
temperature of the bottom during spawning ranged between 7· C to 8.S· C. 
In the ten dredge-aets in which eggs were obtained the bottom was pri ... rUy 
a gravel-rack-boulder substrate. Eggs w,ere, however, found on a few sand­
rock and clay-rock subBtrateB. The fact that we did not obtain eggB at 
many stations does not imply that they were not there. We may have actually 
dredged a short distance from a bed. In addition, we question the efficiency 
of the Naturaliat Predge to adequately a'ample egll beds. Martin (1962) used 
SCUBA techniques in a "urvey pf herrinK spawning in the Bay of Chaleur end 
found eggs attached to seaweeds and fishing gear, but not on bare lIand, 
gravel or rock. Graham and Chenoweth (1973) obtained eggs from gravel- rock­
boulder substrate on Georges H4nk in the autullIn of 1970. Tibbo, Scarratt 
and 11cMullon (1963) used SCUBA techniq ... s to survey a herring spawning bed 
near Bl~lchard POint, Chaleur Bay; New ~runswick. Canada. They reported 
thst the substrate whera eggs were deposited consisted of emaIl stones and 
gravel with large mallsea of redstone. In addition the area had a dense 
cover of ve~etation. In contrast, McKenzie (1964) sampled a IIpawning bed 
off southwe(lt Nova Scotia (dilltrict of Hack l'oint) and found that the sub­
strate uas primarily sand with 80me gravel and was completely davoid of 
v"getat!OIl. !lowers 0%9) studied the .,pawning beds of Manx autumn herring 
and reported that the substrate wss grevel-rock. It appears that herring in 
different parts at the Atlantic Ocean Ilpawn over vartous typea of substrate, 
but ill most cases a gravel-rock bottom 1s preferred. 

The presence of yolk-sac larv4le in clolle proximity to the center 
of fishing activity (purse seiners) and close to the area where eggll were 
obtained from the stomachs of codfish taken by co_rcial fishermen add 
credence to the conclusion that there w.ne at least two spawning lIitea On 
Jeffreys. The length frequencies and h~an lengths of larvae obtained prior 
to October 10 further indicate that the onllet of spawning occurred in 
September. The large larvae (20-28 mill) obtained On Jeffreys prior to the 
peak of spawning may have come from wat,.rs other than JeffreYIi. These larvae 
could havs drifted down from either St. Mary'" Bay. Nova Scotia where spring 
spawning occurs (Tibbo, 1968) or from eastern Gulf of Maine where the oneet 
of spawning occurs earlier than in the '"ell tern Gulf of Maine (Graham, 
Chenoweth and DaVis, 19'72). 
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111U111!diately after the peak of .'pawning, we began saq>l1ng the larval 
herring sampling stations described abOVE,. The mean lengths of larvae on 
eac;h transect increased with increasing' istance h.'om the spawning bed. Only 
on transects A and H did the number of lilrvae increase with increasing dis­
tance from the egg bed. There is II defir,ite indication that the 1Il410rity 
of the larvae are transported inshore bY,the current. 

We hypothesize that Jef freys u,dge is a major source of herring larvae 
for the coastal waters of the western Gu:~f of Maine. These larvae probably 
are a major contributor to the larvae fo.md during the spring in the weltern 
sector of the coaat of Haine. 'l'he larvae would appear to move with the 
currents that are directad Ihoreward in the epring in compeneation for river 
outflows. 

In general, it appaara that th .. progeny of the herring that spawn 
on Jeffreys Ledge contribute to the population of larvae found along the 
coastal waters of the western Gulf of Ms1ne. These larvae eventually grow 
to become juvenile herring exploited by .ooutal ,fisher_no The relative 
importance of apawning on Jeffreys to th~ir progeny of juvenile herring 
in the coastal waters is still unknown, as wall a. tha contribution of 
these juveniles tQ thO futura adult fishary. 
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