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"ie-.ssleh, S, K., 9, f.iilciis!:, and R e  tie Peti~ruori, i981s Possible lmpaci of s~d:~iiei~i from dredging elid np~il 
disposal on rile Hiraxlchi Bay ?ierri;ii: Fisnery, Can. Tech* Rep. Fish. Aquet .  S c i *  1008, i v  + 33 p, 

A field aur"vey o f  tilt? i~erring fishery in Miranichi say, X-ij,, Canada is presented, inclucivc of carcii 
statiisrics and fishing effort io the giiii~er fisi-iery* A spawning bed survey is described in re1ati.o~ ";o 
hydrograpl~ie cozzditions of the Bay. Data froin ;li.ankton surveys  designed to pio",oncentrations of Larval fhsh 
i- ., t+.- ,,, ilirnnichi estuary are presented- 

Res:l;ts of experiments wirk herring eggs and larval fish show that  sedimentdeposited onco spawn will 
increase egg aartality. Suspended sedinenirs resulting fro11 dredge disposal could result i n  earlier Fratchiiig 

alior:er 'ilatciiing le~igt", sad C O U ~ ~  inhibit feeding o f  herring 'iarvae at Levels down to a few W-ILS per 
-illion* Juvecils herring avoid siispended sediments In the parts per r~iliion range and t h u s  diimpizg could 
result in low catches for individijal giPEneis near the dump s i t e *  Suggestions are presented to minimize the 
potential effects of dredging and dumping on the herring fishery in Xiremichi Bay, 

Key words: Dredgizt;, herring, suspender sediment , set t ie(l s ~ i i  lmenri;, el?, dovi.1 nptnnnl , ii~rvai feeding, 
cr,ini?lerc'isl herring fisi-iery , Mi r,amichi Bay. 

Hcsiieh, S. Y e ,  E+ 'i'i lilisli, and 8- 3. Peterson. 1381* Possihle impact of sediment From dredging and spoil 
d-Is?osnl on the i-iiranichi Bay herriiig fishery. Car;. Tech. Rep. Fish. Aqtiat. Sci. 1808, iv ?- 31 p a  

ilne Gtude  de la pcclre dii I~arecg rCal is6e dni;s I;i hiiii. ?liramicl~i (N. - I3 . j  au G n s d a  tsr prGsenrGc, iiiilsi 
que des statistiqiien sur ics prisea c c  lYefTort ti? pf^rhe nil "let ~na:?Innt. On rlscrlt uric f rnybre  iv relntir-1' 
avec ins co:~lit";.sns i?ydrographi',qui~n tlr I n  bale. Par ;iilleirrs, oc pi6senrn dcs donnees sur i e  piaiiccoi? PI: v.it? 

di? repr$oc?ntcr graphiquemerii les concen;r;rrions de :iriies r!e poissan tiorls i'estilairc de la Miramicl~i- 

Les risu1zr;rs dkxp6r:ei1ccs menc"es svec des  O C U ~ ~  ec les larve;; de harang menrreiir; ijue 1 .e~  sQdkmcnts se 
d5posnnt sur Les ueu" saigme~:ter:t. ieur .~cr.".eiitg. Las s6d.i-ireiics en suspension provenant du rejer de ;ear;iSres 
d e  dragage pcarraieni entrnlner une Gcinsior: pr6coce et rles larves p l i i s  petites et ils paurraient ernj:Pcher 
dans use large xcsure Ies iarves de heren:: de se nourrir 2 des cence~itrations aussi faibfes quo qiielques 
parcies par 712ilinn. Le ?iareng j1uv6niie Sviile les eaux qrii  ne contiecnent que sjuelqiies Wriies par  aill lion de 
st5dLme;rts ei? suspension, ce quf poiirrair  sc traduire par des prises iiroins 6lev6es dans Ies fiiets mlilants 
mauili6s 2 proxii;itG du lieu du rejer Zes sEdiaents. On propose des snii~tions pour minimiser ien effets 
potem?:els du dragage et du rejet des matsres sur la $chc du I~areng dans la bale Miraciichi - 



Estiiaries are kr:owa ro be iaportanc feeding and 
nil;-sery gro*~(ids lor ci~~mercfalEy vaiuebLe mrina 
fish stocks. Tfie Mirsmichi Estuary and outer Ray 
make up sricli a system of majar inportarlce in the 
soc.tRern G~rli of S c .  kgrence. In 1979 total iarided 
value of fish froiir this area a~aoi~nted Lo more than 
53 eilikiin, o f  whicl: herring were iieiued ar S0,7 
milliorl, second in va1r;c only :;a lobstsrs (Tailhe 11, 
Lan6ings of herring by weight are by far the largest 
of all species, hmounticg to 53.6% of tom1 landings 
during the period 1969-73 

Tile P.liranl.ci;i Charinelisat Lon Project , if it 
proceeds, will be one of the largest single dredging 
projecss i.n che ?Aaritiirna. This prnjerr will pro- 
vide o charznel (3 P deep) 35 nnut, mi. I.ong 
extending from Newcastle, Xaw Brunswicii, ro the Gulf 
of Sf ,Zewreiicer and will require dredgins of about 
5 x 16%~ of sedixeiii s p r i l l .  Tnree oredged spoil 
disposal sites have been proposed of irihlich sites B 
and C ( F i g .  ij will receive 96;; ofci~e total vo9ume 
of dredged sedinicnt. 

p ,e ircyact af dredge spoiLs oa local fisheries, 
. ~ par:icralarly 011 iserrlng pcpulat toils i n  the alter 

May, has bee:? identified ts a potential area of 
coneern. Herring return annuaL1:~ eerLy in s3rring ro 
spawn in shaiinw xaters in the Boy, conr site C. 
Although direcr phyricni dnn~age to spawiling 3eds can 
be avaiiled by proper chotce of disposal. sitas, the 
effects ofthe kccreased suspecded sedi.oerit load in 
S T "  +,dter on eggs, larval and j'i~ve;iZe krriiig reinaio 
unkeowr.. 

A coliaborsiive r i i c n r c h  project was arooosnd 
r o  erable tCllcsr questions Lo be .~os*erei - ---. nrs i  tIiit:s 

- "  c~r,crib~ii.e i t ;  f u t u r e  di?c,is'ions regarairis resource 
conflicLs sf this nature, particularly as ehey apply 
to herring ai;tl to ha;r;lSiea:: alteration caused by 
drcadgiag and dai-ripirig. Irrfurmtion on tie herring 
fishery in this area is Lacking or badly fragmented. 
Thiis, a doriiwnntatfon of the characteristics 01 the 
f istier:, and fiskieg aeeivLti.es, prior tc intarrup- 
Elon by any dredging, was f e l c  fiecessary to serve as 
background information for fistore reference. 

Mon:lily hcrrir ,g lar~dlngc fc :-iiramichl b y  
(Statistical Districts 70, 71 and 7 3 )  for the pears 
1441-79 are prescnrcd 1.11 'L'anles 2-4, Nc herring are 
caught In Statistical fiistrice 72, Herring catches 
In District 71 were Lnsfgnificant except far 1978 
whec landings amounted to 95.0 metric cons (MT) 
(Table 3). 

 he b u l k  of the kerrlng catch is taken from the 
Escuminac area (Sratisticrtl Disrrict773j. in the 
past two decades, l:~ndings have iiuctuared between 
1000 and 4300 !IT {Table 41, Tliree-year running 
means of herring landings since 1948 are shown in 
Fig. 2. Tie herring fishery in the "iiramichi bay Is 
seasoaal, largely a spring fishery (Fig. 31, based 
on adiilr fish coming to rile area to spawn. Regu- 
lasisy of herring spawning tlme Ilas been denon- 
strated in the fisheries in the Gtr1.f of St* Lwreiice 
(?iassieli 1977) and Ls obvio t i~ i?y  show11 in t-iz1.s 

fishery as *fia- kf~~idlysis of nerr~ng purchase slips 
shows that more Li~an 50% of the catches are taker; 
diiririg the fsrst 2 wk of May each year (Table 5)- 

f:dich-per-ur it-e::orr for t\e L y r  of on>er- 
vatinrs (=able 5: increased si~ghtly trom 2 - 1 4 - 2 - 2 3  
%Tif~sherxan :-I 1415 and 1977, respectively* 12 
1976 st sbobcd a iurther increase to 2,RO YT/fisner- - - 111 ~979, however, catch-per-unzt effort 
dro~per: to 2.OQ " 1 T i f j  s'nernan. Avaiiable <a", g h o ~ e d  
A -  tiiac cate'? per fisnermn dafkered from cne huger to 

a~srher (Table Oj* From records obtained from tour  
major buyers In 1379, catch per fisherman ranged 
from 9-92-2.04 NT, 

No daLa sn r&ecring fishing effort in Mlramichi 
Bav are nva~lsble. ience, ioterv~ews wlrh a number 
of f~.;lierraen *ere held to qe?t ad estimate of the 
n&i,nber of neL% fxs'rled- Forty-four firrkecmrrr were 
inter#iered, and resuies are shown rn Table 7 ,  d%ny 
of these fi-rsermera reportec that the number of vets 
a~sed changed fro; year to weas. ObviousLy, the 
nu~rrbee r,f iiaes/fAshcrmao depend an t i le srza of the 
f i s h e r ) ,  tkc size of the boat and craw, arld engage- 
nen"c~ri; otber f i s i i l n g  act;vzties, e.g. lobster 
flsnlisg. To w k e  a comparison for the changes in 
f~shifig dfort, nets were adjusted to a standard 
size 3 5  15 Fa:homs I;rng and 40 meshes deep.  its 
snowea tnae average nuwber at siandard n e t s /  
f~snerrmrn rncreased Frow 66,s to 91*1 netsifishermen 
il .976-79 j,sbie 7 ) .  

To esiioate tile total viuna~sr: ~f nets frshcd m 
rdiii~cii- i iav ,  and t o  exanane h e i r  dr.;trrbutior, a 

serlzs of  aer~?- pontes e r e  taker; from a I~ght, 
tgle-e~~irie alrcratt w:th a ramera po-xt. in the 

floor. Pl-ns  were to carry 01317 the survey at peak 
Liaeb fst the f siaery, 1.e. first week of %-I ,  

hoizver, aue to reas~ns beyond ocic control, the 
asrid1 si rbey was not psss~"ua unt12 che lasi week 
of May. 

Two 1I:ghts wcrc mcie on ?*a";ly24 and 28, 1379, 
f r m  al r -hndeb (,3551 and I k i L  rc* lks l a r t e r  
altitrrde wa6 found to be acequdte for  phorograo"ing 
t . b ~  fiehiqg nets, kitn a scale of a~pmrirnately 
l ,iib00, Picttir~s Mere taken in sequence nlijng three 
t ; ~   sect^, alc2;.r the: so~therr, &ore f ccn  Bale du V b n  
~ i ,  X'oiqt rsctiamac (Fig. 4 ) -  id-nt~ficatton of 
herring "xsh-ng nets was made easy by their charac- 
terrsclc appearawe on the photographs: a series of 
dors in a stralght line or gentle curve. 

Accisretp cotants of fishing coets, their size and 
drstr-batrun were iaase from rhs cleraal plantographs 
airci projected on maps as shown sn Fig- 5 a d  6 .  It 
was estinatec t?ar 3,300 standard nets were 
opcrat~ng dnirink tne perxiid re a narrow stretch of 
dater &tween Escirminar wharf -,?rid Fox Islane- About 
2 wk before i r e  tirse of photograpes., 1.e- Ma:, 7-9 
*hen peak ba,ring catches sere taker, ,  it *as 
estimated chaL as many as LO tines thre nuaber dere 
engaged rn the herring flxeii line- f~stiery- 

SPAklNZNG BED SURVEY 

In preparation for SCdBA d i v i n g  to survey :ha 
spawning b e d ,  interviews with local fishermen were 
held. The loi:ations of the fishing nets were of 
much I l e ip ,  since fishing grounds are known to cuku-  
cide with spavnlnp grorsnds, Fisizermen were asked to 
report on any spawn adhering ro t h e i r  nets, 
including :tie time and Iocrality of the o b s e r v c d  



spawn. A grab sampier bas used to colLecr samples 
of substratum* Samples Mere examined or. the spot 
for herrlng eggs deposrted on the gravei and sea- 
weed, and tee number of eggs were recorded. 

The spawning bed,  ss  seen ny SCUaii divers, wab 
c*iaracterlzed ~y a rocky bottom. m e  %oatrare was 
aainLy of sad11 stones o:, masses or sandstone and 
cavered i.a;cr weeds, mostly Irish soss (~3oncircs 
crrspas) and rockweed (~ucus np.). Trle spanni7g oed 
occupie4 o long narrow area ssraiiei 10 the shore in 
de,,ths of 1-8 a. The largest :oncsltratloiis of 
eggs, however, kere ioz~na in deptes of 3-4 a (Table 
83. In areas where egg deposition was found, water 
Leoperacares ranged from 5.8-12.3"C at rhe surface, 
end 3,7--9.7'C at the bottom. 

San;iZes of herring eggs collected from che 
spawning bed were examined for stage sf development. 
A scale of egg developmental stages similar to chat 
reported by Baxter ( 1 3 7 i j  was adopted. Resuits are 
presenred in 'Table 9, Xost of the eggs were in 
srages 4 and 5; srage 4 ,  embryo highly developed 
with eyes slightiy pigmenzed; and stage 5, pre- 
hazching, from uillci~ l:;rvae could hare11 in a matter 
of hoursr On Y f y  18, 1979, a sarsple af 261  eggs 
was biz stage 3, one devalopmenta; stage earlier tira~ 
siamples take::. i:n 1-kiy 14 and 17, This 'indicates Chat 
spawning probably does not occur totally 
syschronous:.y, A synchronous spawning i i n p i i e s  that 
efther different herring populations arc spawning in 
the same area, or that different corilponents 05: the 
same popuiatioii do eat reach mturacion stages at 
the same time. 

Natural egg mortality ranged from 1,5-6.8X. 
This does not include morzality due tn predation, 
which, at present, remains unknown (Table 9)- 
Percentage mortality did not follow any particular 
pattern wlch iiae. Samples owliected on F4ay 22 and 
2 3 ,  1979, a1:owad thcc few eggs were hatching. On 
Nay 30, 1979, several attempts to coL1ec.t. eggs witt 
a grab sampler from the spawning bed were wade, hit 
only s i x  cggs  were fouad, Four o f  whichwere dead.. 
15y that time nosr hatching was over. 

The ierrlng egg de~ositbn in each scation was 
cisssifiec accord~ng to its dens~ty into four 
categories: 

A - Few = 1-9 herring eggs per sample, 
B -- Common = 10-99 herring eggs per sample, 
C - Abundanr = 100-999 herring eggs per 

sample , 
U - Dominant - 1006 herring eggs or nore per 

sample. 

Denstry of egg deposiclon and spawn location are 
presented in Table 8 and Fig, 7 ,  Lt Is shown that 
tho mjor cij~~ceotrrarlons of egg deposition are 
between Esrumiriar wharf and eastern Fox Island. KO 
spawn was Il.ocaied in the inner Bay* 

Resutt~ of t h ~ s  survey showed chat tlie proposed 
dredge site " C "  does nor: overlap the spawning k d -  
The dracge chnnqei, however, lies in close proxlqrty 
to iiie spauniqg beu aiong its northeastern boutidarg, 
k n r i e  a d-:ect coiatace o f  " i e  spawning bed with the 
dredge r a t e r l a1  ,auld be aioided, the d r i F i  o f  rhe 
d r a p e ~ . t a d  a a i c i  6ubpaiidt.J , r r i r i c i i c s i  ovei ilre ~~i.swnirrg 
bed 15 I~i~~~itebZe. 

ii. order to siudy tie pic-ern of wqter drift in 
Flrrhz~chI Jay, arrangements were m d e  w r r h  Mr, i), 

i3ezansanB Coastal Occanug-zphv, Bedford lnstitdze or 
Oceanography, zu reieese surface and sea *mr:rorn 
drifeers near the spawning f e d *  

Za Jr~ac 1974, i00 c u s f s c ~  drifters diii: lcl0 
seaaec drifters were released. Sn Augdst 1979, $50 
releespy: of each typci of drlicers k~32~"a =de. Number 
and date of. cecorariee are presenten 1"~ T2ble 10, 
Pattern of s ~ r f a c t ?  and bottom drlrt i.i shown, in Pig- 
8-1 1, 

Ofttie iiirrface drifters relaaszd in Juneg SLX 
recoveries were taken w a r  P o E -  I a p  Yagdiilen IsLaildsB 
arid Cape Bretor Islarid; che farthest we?; found near 
Cave North,  Cape Breton IsLsnd. Of those released 
in August, 39 rec2veries werc 11~332 ,n NortFnumberTarad 
Strait, i"rlnce Zaward IsLand, %gdaien EsJands, and 
Newfoundiand; ;he "*r;nest raeo~~red in Fortune 
Bzy ?kwPriundixnd 

Of the sea %la:tom drifters released in June, 85 
recn~eries w e e  ~ a d e ,  a11 t,f which vnre in the 
MirnroicL~L imer say aiid Ge",liary, Of cl~ase released 
ii? Augusz , 130 recoverips sere r?t;de. Sxcept for 
t h ree  recoveries made in tile outer Bay, all 
v .ilcoveries - were i n  the inner Bay* the Est~iarji~ and 

llie Miramichi %firer. Some of these driftsrs were 
recovered near head of tide at iliBliiank, The drifr 
pattern, as inferred from drifter rscoverles , 
indicates a two-layer system typical of estuarine 
circulation: 2 sea-going surface drift irr a south- 
eastward direction, atid an upriver heattom drift in a 
westward direction. 

PLANKTON SURVEY 

A plankion survey to collect FLsh larvae from 
lilireulchi 3ay was carried out 'wtveec Fay 31 and 
June 2 2 ,  1979 ,  Dara on depth, temperature, and time 
OF towing are preseated 212  Table 11- Forty-se-#en 
plankton stations were sampled. Ln Mlramichi Bay a.nd 
"1 northern Narth~amberland Strait as f e r  as 
Ri.chibiic~o (Pig. 12). R e  M/i'$ERL;ME R i i i T ,  an 1i-m 
6 i 
i ishing hat, was used far this si?Zarey. Bnrigo nets 
of 0.333 and 0,505 mrn mesh and 6C cm dla:neter, 
equipped w i t 1 1  a 'rSK model fiowm~!tiir, were used For 
sa:apling* Tows were step sbiZque at a bat speed of 
2 k-iors for about TO nin drrratioc. 

h tocai o f  25 species of fish larvae were 
ider~tif.Led in clie plankton co2lerton (Table 1.2) of 
which five species are of com'iiercial valire in  tlre 
HirumLchi area These are smelt , winter flounder, 
ilerzinng, cod and mekere;, Slr;elt larvae were the 
largest in number of larvae coileeted (34,818) 
followed by wincer f Lounder (B ,O5 i  1 and herring 
(2,63̂ 3), Cibvious iy, the rel.atlve abundavce of 
species represented In the plankton collection 
depends on the zimi.ng of "ca survey. 4J.l these 
species (Table 123 are spring spawners, and there 
arc mre iipcciiro in the area dnfch are knom to 
sprm in summer and falli. 

Numbers of larvae dnder an area 10 mi were 
c a  * . ~ c i ~ ' i a t e d  for cacti station, nnci !scsiuatric lines: 
,913<jtdiap; - - " . . " . J  * * - -  

I.rii v b i i  <i,iii~-i~i i at. t i ) ~  ~ ~ r e  dritwn ftir each of 
tilo we1 l represented speeeie~ Xn tile coltecLian. 





i n  rhe  sccoird rcrr.les of exper iments ,  eggs were 
a g a i n  suspended In water c o n t a i n i n g  var ious  cnc- 
c e n t r a c i o n e  of stispendrd sedi tuent ( ( '1able  ? 4 ) *  For 
t h i s  s e r i e s  plas",.i:, 1-I, sc"i . l i~?g cones were used 
i n s t e a d  of 500q1, sepa ra to ry  iuf ine ls*  S t r i p s  of 
p l a s t i c  ( 2 , s  x 20 cm) r u t  from the  bucket in wkkicli 
che eggs were f e r t i ; l z e d ,  u l t l i  an  adherent  s i n g l e  
l a y e r  of eggs ,  were suspended In the va r iocs  crsnceri- 
: r s c loes  o f  suspecded sellmen"; 'fie rar:m.ber cf eggs 
on eacli s t r l p  was cs.rr.ted From phstographs.  
Solrr:inns w i re  chiingad d a l . i y ,  Agein t i e  rusgendcd 
sediment  recorded i n  ehc cor:trcl. cnr?es [G-1, 6-2 i n  
Tabla 21 cis s e a  s a l t  r cca i a sd  on t h e  f i l t e r  papers-  

Once the  embryos had Seveiolied eye pigaenta- 
t i e n ,  oeL i i~ i s ; i s  were checked (every  second day in 
tile f i r s t  s e r i e s ,  d a i l y  i? tile second s e r i e s )  f,>r 
ha tched  Larvae bjy pas s ing  the  so.Lutions through a 
fine r:er.-cing. Retained l a rvae  wars traii.;Farred to a 
p e t r i  d i s h  of seawa-r and eioi~eted. Live,  urzdamaged 
l a r v a e  were ~ : ~ a e s t h e t i a e c ?  wlt.1: te r t -any1 a l coho l  and 
nieasirred ;inder m;ignific:rtisn with a mlc roac t r r  
d i s c .  

i,ar\ia~% wcri: nsc coliecteec" fr: i ir: the s l i d e s  
covered wi t11  sediiaor t and the i  :- cootr93i=,  buUrl ie  
numbers of l ir j lr ig e,;z.: ",.ere cst~iicad after t i ie  
ezb ryos  had  devo?c;peil ?yo pigi~x?nLcrti?s~ The number 
o f  l i v i n g  embryos and t o t a l  -iiix;bcr of c ~ g s  ware 
cossnreil Lc two microscopic. f i e i d e  s o i r c r r d  ra~c10nl:y 
on tllc s f  i d e s -  

Series i - eqgs i:ssvered w i t h  scdimaat  d e p o s i t s  

The survivs:. of egkr; 1311 t h e  c:;ntroi s l i d e s  w a s  
v a r i a b l e ,  di.pi:ri<lii~ uj i l in  whether the  :?figs t iad  
adliered Cr; the gid!;5 s l i d e  i n  n .picglr  layer o r  i n  
ea.~l++ri'Lo ,-- -,. layers. bc thc La t t e r  ca se ,  cn!y those 
eggs  Zri llle s u r f a c e  l aye r  survived.  _If ? ?  eggs 
i n s p e c l e d ,  i 7 (53%; :t:r:re i i l ~ i i r l g ~  ail. those deed 
be ing  covered t?y inore ru ; lecf ic l .a l  i s y e r s  of eggs- 
For t h e  32 s l i d e s  of eggs c ~ v e c e i l  with ;? th in f i lm  
of sedlnient , 15% b;ere I ' iv l rg  at the eyed s t a g e -  
Those s c r . ; f v i i ~  were p r t l bab :~  3nes t ha t  p ro j ec t ed  
absve  t h e  sedimene a s  they % e r e  t h e  most super- 
f i c i a l l y  located and ha.' no s e d d m e a t a a t t a c h e ~ i ~  A.1 
eggs ccvered wi th  1 cm OF sedimeili. had d ied  and s n y  
were i n  an  edxiancnil s t a t e  of decomy;osition when they 
were invest",gate$. 1i;e l a y e r  -if sediraeri:: i iad 
probably  l a r g e l y  oeciiuded any c i r cu l . a t i on  of water 
around the e g ~ s .  

Series 1 - q q s  iiir:uBated i n  varging c o c c e n t m ~ i o n s  
of ssusponaod sodimefit 

Most of t he  1.ar1i.r iiatc11i:d In 11-i4 d FTL)OX 
f e r t i l i z a t i o n  at 9,?"Cm S ~ n c e  t he  f t tnncis were 
checked frr I~a t i l i ed  ?ncvas every secorid day, 
p o s s i b l e  i l f f e r c n e e e  in  merifan i i r tchlng t i a c s  anocg 
t i e  v a r i n ~ . s  s cd inen t  iconcentra t tans  cou1.d iint be 
determined.. 'I?he mean s i z e  of l a rvae  was i nve r se ly  
depeiident on !:he .suspended ?edhmenl: concen t r a t ion  
f o r  both days vlier~ 1l;itic"ied Larvae were rarii,ved f roru 
t h e  c o n t a i n e r s  (lllbb1.e 15)- 5ini:e ".he funne l s  were 
checked oe ly  ?very second day, i c  i s  unknown whether 
t h e  l a r v a e  were saa1Ler due t o  premature ha t ch ing  
and l ack  of stibsequent l a r v a l  growth a t  high 
suspended sedimenr nor,renrrna:ions, o r  Whar"nn-r tiicy 
Iratched at t h e  same time but ware 110'; as large due 
t o  poor in ova g r w t i :  a!. high sediment coiirentra.- 
t ior rs .  Larger l a rvae  w;?rpi+ nbrnfned on !ky  2 5  r h a s  

cio Mny 23, 1979, showing l e s s  d i f f e r e n c e  in mean 
Lengths among the various coilcentrat  i ons .  

The t o t a l  ncmber Ii;itched is u frrnction of 
i~ciibab ( i f  eggs on the sl.li?es (whlci; ware not 
coiinred) ratiicrr than s i rsper ied  sefitment concee- 
t r e t i o o .  'The slide suspended i n  the low sediment 
c u r ~ c e r t r a r i o n  I-ad f a r  f e s e r  adherent  eggs ,  -which 
-,-*.*,, *~;.&t i i i s t r :hutcd  t c  a s i n g l e  l a y e r )  and a l l  hatched. 

7i.e o t k e r  t i iree rl.iLes h id  : ~ n y  more eggs with much 
of the egg nca;iob be icg  nore than one l a y e r  t h i ck .  An 
inspecti inn of t he  s l i d e s  a f t e r  completion of 
iaa tchi i~g showed t h a t o n l y  the eggs in t h e  supsr-  
f Lc ia l  l epe r  tzacched, xi*:'s those in the deeper  
l a y e r s  C;ytng, o f t e n  i n  the more advaneed s t a g e s  of 
development . 

T i  me fro:-; i e r t i l i ~ i t i o r ~  to hatching appeared to  
be primari:y a .i;nc:iorr o t  egg packing dens icy  
( ' labre 161. Cones ccrs~:eioing g r e a t e r  nurebecs of 
cggs  (hence h igher  d e n s i t i e s ,  s i n c e  the  s i z e  of the  
: ~ l a s t i c  strips vsa :he saiae) hatched e a r i i e r ,  'his 
bs more: :>belous f o r  the  C-i  and C-2 t r ea tmen t s  -&ere 
[:hi. dif fei-e,li.e i n  egg iluri:'nvr is g r e a t e s t  Median 
hatc1;ing 3i 'c:~rrtd af. 10 i; of irrcubotion i n  6-2 (1340 
e g g l ~ j ;  a:id ac 12 d i r ?  i;-i (559 iwns).  -"., i t  is also 
al?parectc t o  il ;e+isor. exrunt  i n  t i i ~  ~ ) t l i e r  t r ea tmen t s  
High siispended sndknent ccnct?~~ntra t ion  m y  a l s o  
j.wdilc:> e:*rlieo :w.i rliil;g* as the  Ei--2 t r e a t m s n t  had 
tiio e; ,r i ieer rnedfaii ir,stclii.ng t ime (9 d > -  Linear  
ac1.rlpl.s- r a s r e s s io i ;  i i id icoteb  tha":th sediment 
coi:centrari oii and egg 3ensFl;y s i  grzificant i y  
i;?f?i:ei:ced meaisn ha tch ing  time with each f a c t o r  -. AGving equal  weight -  m e r e  was uo apparent  effect 
of e i t h e r  egg dens i ty  or sediment concen t r a t ion  oil 
L ~ ~ L c ? . l .  p e ~ c e u t  ? ~ a t c h  t ~ c  percariL l i v e  ba tch  (Table 
i b ) ,  

Snd slcenr ccasenr r i l i i n n  erid egg rsicking d e n s i t y  
both hnd arl effect. :>c l a r 7 e i  s:ze a t  batchirig /Table 
17, 18; A,ppe.idi-ii 13. b r w i  s i z e  rt Imtchjfng was 
lower a t  h ighe r  egg der:si t ies f o r  any given aedlment 
ear icent re t ior i ,  <+ad s i z e  at bat.ching tended t o  *be 
h ighe r  a t  i i r w e r  aei?iaenr: coi ieeot re t ions  (Table  17, 
IS), 

l o r  Tow egg d e n s i t i e s  /Pig. 171,  ha t ch ing  at  
t h e  t i to  h ighe r  eed lzen t  c o n e e n t r a t l m s  was charac- 
t e r i z e d  by 2-5 d of l a rvae  ha t ch ing  a t  sribrasxinal 
s i z e ,  followed bjw naximal mean length i ~ a t c k i a g .  
Larvae ha t ch ing  even I n t e r  were again  sma l l e r .  
Ziiciibatiion Lo ";he h ighes t  s sd inen t  concen t r a t ion  
css t i l ted  in the  hi t ; ; l i ing of Larvae of m x l a a i  mean 
lengch 2 d n t ~ r i l s r  than at lower sediment concen- 
r r a t i o n s  A t  tllc zvo lowest sediment cnrrccntrat  ions  
(7,-I and C-1) ? t h e  t tatching per.2od was more eorn- 
pressed Loco the l a s t  4 d of  the  ka t ch ,  wi th  =st 
l a r v a e  near m~xiiiial mean length .  

Eiyh egij dens i ty  r e s u l t e d  i n  e a r l y  'fateked 
l a r v a e  ( a t  days 9, 10,  and 131, with lower infan 
l eng ths  f o r  ciie lower suspended sediment concen- 
t r a t i o n s  wal l  lii'tg, 18)- For any given time from 
Eer t i : ioaeian ,  hatched l a rvae  were Longer at the two 
l o v e r  suspended sediment coneeneratdana.  It should 
be r e a i l z e d  thac the d e n s i t f e e  used, were mi: 
cons t an t  among the  t r en  tnen t s .  

S e t t l e d  sedknenc, of  the p a r t i c l e  s i z e  aged i n  
these experlnients,  ls l e t h e 1  to h c r r t r ~ g  eggs i f  t he  
eggs  a r e  b lanketed .  To sr i rv tve ,  a t  l e a s t  n poreton 



~f  t", egg must p r o j e c t  above the  sediment l a y e r -  
Egg a o r t a i i t y  is probably due t o  a  smothering e f f e c t  
w i t h  t h e  sediment l a y e r  prevent ing  c i r c u l a t i o n  of 
wa te r  around the  eggs. S i m i l a r l y ,  we found t h a t  Lf 
eggs  a r e  d e p o s ~ t e d  on incuba t ion  media more than one 
egg l a y e r  i n  t h i ckness ,  t h e  deeper l a y e r s  of eggs 
d i e  before  hatcliing. 

We were unable t o  d e t e c t  any d e l e t e r i o u s  e f f e c t  
o f  su?penbe2 sediment on 'hatch~r.g succes s ,  up ro  
c a n c r n r r a t l o n s  i n  excess  of 7000 mg/L- Th i s  
srrggests t h a t  h e r r i n g  eggs a r e  more res is tanrr  t o  
suspended s e d ~ m e n t  concen t r a t ions  t han  were the  
e&gs of those  s g e c i e s  s t u d i e d  by Auld and Schubel 
( 1 9 7 8 ) .  A l t e r n a t i v e l y ,  t he  d i f f e r e n c e s  might be due 
t o  d r f f e r e a c e s  i n  c u l t u r i n g  procedures (Auld and 
Schubel r e t a i n e d  the  eggs i n  mesh cages  i n  t h e i r  
s t u d y ) *  Sediment p a r t i c l e  s i z e s  were s i m i l a r  i n  the  
two i n v e s t i g a t i o n s .  

Suspended sediment concen t r a t ion ,  egg d e n s i t y ,  
l a r v a l  s i z e  a t  ha t ch ing ,  and time from f e r t i l i z a t i o n  
t o  ~ha tch rng  were a l l  i n t e r r e l a t e d .  B o t h h i g h  ssu-  
pended sediment concen t r a t ion  and high egg d e n s i t i e s  
r e s u l t e d  rn e a r l i e r  ha t ch ing  of many of t he  larvae .  
Th i s  m y  be i n  response t o  change i n  microhabi ta t  i n  
f h e  v i c i n i t y  of t h l  egg (poss ib ly  hLgher CO2 o r  
lower O2 l e v e l s ) .  A t  h igh  s ~ s p e n d e d  scidirrent 
c o n c e n t r a t i o n s ,  so-ue s i l t  s e t t l e d  i n t o  t h e  i n t e r -  
s r l c e s  betweeG eggs ,  poss ib ly  c r e a t i n g  cond i t i ons  
s i m i l a r  t o  t h a t  of i n c r e a s i n g  egg dens i ty .  Tee 
e f f e c t  of high egg d e n s i t y  appeared t o  be p r imar i ly  
on h t c h i n g  time., At equal  t imes from f e r t i l i z a t i o n  
t o  b t c i l ,  Larval  l eng ths  were s i m i l a r .  At high and 
medium suspended sediment concen t r a t ions ,  however, 
l a r v a l  l eng th  tended t o  be s h o r t e r  even a t  equal  
~ n c u b a t i o n  tixies. The r e l a t i o n s h i p  among these  
va r ious  parameters is obviously  complex and merits 
more thorough s tudy.  

The p r e l i s i n a c y  r e s u l t s  of experiment I 
i n d i c a t e  t h a t  ha tched Larvae m y  be more s e n s i t i v e  
t o  suspended sediment chan a r e  eggs,  s i n c e  no l i v i n g  
l a r v a e  were observed a f t e r  48 h a t  19,000 mg/L. 
A g a i ~ ,  t h e s e  r e s u l t s  should  be i n v e s t i g a t e d  more 
thoroughly  f a  f u r t h e r  experiments.  

Tlik X-FFEGT OF SUSPENDED SWlMZNTS ON LARVAL FEEDING 
AND BEHAVIOR OF HERRING 

Background concen t r a t ions  of suspended sedi -  
ments i n  t h e  Xiramrchi Es tuary  disring calm weather 
shou ld  r a r e l y  exceed 20 mg/L. However, du r ing  
d redg ing  and dumping a c t i v i t y ,  concen t r a t ions  up t o  
2,000 mg/L may be expected  fHac2aren At l anc i c  1978)- 
aecatrse h e r r i n g  a r e  known t o  be v i s u a l  f eede r s  
( B l a ~ t e r  1965), an obvious r e s u l t  of i nc reased  
suspended s o l i d s  may be i7o decrease  feeding success .  
Th i s  p o s s i o i l i t g  has been examined i n  l abo ra to ry  
exoer iments  wi th  newly hatched h e r r i n g  larvae .  A 
second p o s s i b i l i t y  is t h a t  suspended s o l i d s  
r e s u i t i n g  from dredge spoil .  may r e s u l t  i n  avoidance 
r e sponses  by juven i l e  and a d u l t  h e r r i n g  which t ake  
tnem away from the  f i x e d  g i l l n e t s  used i n  t h e  o u t e r  
Niranzichi Bay f i s h e r y  and thus  reduce ca t ches  of 
i n d i v i d u a l  g i l l n e t s .  Previous  work (Wildish  e t  al. 
1977a) w i th  Passanaquoddy Bzy s e d i ~ e n t s  has 
sugges t ed  t h a t  j uven i l e  h e r r i n g  avoid suspended 
sediments  a t  concen t r a t ions  down t o  19 5 5ag/L, 
ror tsaquent ly ,  t he se  exper iments  have been repeated  
i n  t h e  same appa ra tus  wi th  j uven i l e  h e r r i n g  and 
Miramichl Es tuary  sediment from the  a r e a  t o  be 
dredged. 

Herr ing  l a rvae  were obta ined and hatcii,ed a s  
described on p. 3 from Grand Maaan s tock.  A f t e r  
ha tching,  t he  Larvae *ere reared  Bn 100-E c o n i c a l  
ranks a e r a t e d  from the  bottom and suppl ied  wi th  
l o c a l l y  caught zoopianktoin c o l l e c t e d  d a i l y  i n  a 
bi-em mesh nst. like i a rvae  Mere reared  la e  10°C 
cons t an t  cernperatuce room with a 16 h l i g s t i 8  h da rk  
>hotoper ind m d  as sooz a s  poss ib l e  encouraged t o  
t ake  newly kacched A r t e m z a  nnrr ; . i l i l -  F luo rescen t  
l i g h t  I n t e n a i r y  near  tke water s u r f a c e  of t h e  
c u l t u r e s   as 30 h x .  

Larvae which kad begrin f eed lng  on Artenria were 
t r a p s f e r r e d  from the  r e a r l n g  tanks  t o  sma l l e r  3-L 
c o n i c a l  tanks  f o r  a  f eed ing  experiment.  Ten l a r v a e  
were added t o  t he  f i l t e r e d  seawater i n  each tank and 
? e f t  t o  acc l ima te ,   ith he rut feeding,  f o r  an 18-h 
per iod.  ihe experxaent was begun by adding fou r  
BrternasimL t o  each %ama Treatment t a n w  received a  
neasbreo wet  eight of sediment,  ddlsi: controLs 
ze re ived  no sedlnerit . Observat ions  were cont inued 
f o r  a  s t anda rd  2-in per iod a f t e r  which l a rvae  were 
p iaced 4;2 LO% be f fe red  :oraa:in t o  prevent &fern-  
c ion o r  r e g u r g l t a r i o n  d i c h  rob ld  be a  problem when 
lower f o r m l ~ r r  ccncentracfons  a r e  used (Werner and 
B lax te r  1979)- R e  e r o a r ~ n e n t a Y  Larvae e r e  d i s -  
s e c t e d  t o  d e t e r m n e  the auaLers of Artenria consumed 
and rhe t o t a l  lengrh  of each h e r r i n g  larva was 
measured wi th  a binocular microscope and nicrorneter,  

T rea tme l t  cancen t r a t tons  05 suspended sediment 
used ranged from 1-0-6.0 rag/L, and the  source  of the 
sediment was an midefined s i l t y  sediment. obta ined 
from the  i n t e r t  LdaL region near the Bfolog Lcal 
S t a r i n n ,  S t .  Pndrews - Concentra t ions  were d e t e r -  
m~ned  by use of matched weight f i l t e r s  ( M i l l i p o r e  
IAWPO473M) of nominal pore sxze 0-45 urn, a d  
f r l z e r i n g  a  known voiume of t r e a e s e n t  water.  This 
technique  avoided tne problem of sea  s a l t s  d ry ing  on 
t h e  f i l t e r s  s ince  the w i g h t  of t he  lower f i l t e r  was 
subtracted from i h e  webghr of t he  upper f i l t e r ,  

The da t a  were analyzed by t h e  Student  L-test  t o  
de termine  i f  the  d i f f e r e n c e s  i n  t h e  p ropor t ion  of 
f i s h  f eed ing  i v  t he  control. and t rea tment  t e s t s  were 
s l g n i f i c a n t i y  d i f f e r e n t  end by r eg re s s ing  the  number 
o f  Artemia consumed .per l a rvae  on l a r v a l  length .  

JUVENILE AVOIDMCP/PmPEREKCE EXPERIMENTS 

Avoidancelpreference  experiments were conduceed 
i n  a  f igure-of-e ight  maze desc r ibed  previous ly  
(N i ld i sh  e t  a l .  1977b). Tne maze w a l l s  were 30 em 
a p a r t  and each h a l f  of the  appara tus  was ;oined by a 
10 x 10 cm a p e r t u r e  t o  a l l ow f i s h  passage t o  a i l  
p a r t s  of the naze but t o  minimize water mixing, 
h a t e r  f lowing i n t o  each h a l f ,  A o r  9, of t he  maze 
bias ad jus t ed  to  3-7 L/aiin and followed ambient 
l a b o r a t o r y  seawater  temperatfires (3-13Y) dur ing the  
experiments.  

Herr ing  05 1 7 - 3  em m a n  l eng th  and 2 4 - 6  g Dean 
weight were accl imated f a r  ac l e a s t  1 mo i n  l a r g e  
ho ld ing  tanks  and fed  on dry  food before k i n g  used 
i n  t he  experiments.  Ten h e r r f n g  were placed i n  t h e  
maze arid observat io i t s  inade t o  determine the  ilumber 
nf f i s h  i n  s i d e  A or  R i n i t i a l l y  and a"iliiri:n i n t e r -  
v a l s  f o r  I h. I n  :he t rea tment  per iod ,  an i n i t i a l  
Injection by oyyrisxge o f l o  ruL o f  seawater c o n t a i n i n g  
a hnawrl quafit icy of MLramicbl, Es tua ry  sediment Pros 
t h e  d reds ing  a rea  (nea r  Grtaild Dune F l a t s ,  channel  
buoy 85) followed by 33-8 mE n l i q u a t s  a t  5 3 i n  



i ~ r e r v a ~ b  was ~ a d e  :o one o r  o t h e r  s i d e  of t he  maze, 
The seamerit. a d o i t r o n s  werd made co the s i d e  0; the  
a p p a r a t u s   referred by the  n e r r i n g  i n  the i i n i t ~ a l  
c o q t r n i  D e r l ~ d  of t h e  experiment.  Sham treatinencs 
i - -+olving i 7 j e c t i o n  of f i l t e r e d  seawater  were a l s o  
made t~ d e t e r n i n e  the  e f f e c t  of t h i s  opera t fon oa 
PkRBri,Qr- 

i o n c e n t r a t r o ~ ~ s  were doter~nlriitd 'by m t c h e d  
de igh r  f i i :ers de previously an a b i ~ l k  *ample m d e  
u r  of e l  i q u a t s  taker,  a t  5-min i n t e r v a l s  throughout 
t h e  t r ea tmen t  per iod .  

Ana?ys:? by Student  L-test. was ?i;?de t o  d e t e r -  
mine wherher rile propor t r an  o f  f i s h  11. A o r  B in the  
c o r t r o i  ne r iod  was s i g i i l f i c a a t i y  d i f f s r e i r t  from t h a t  
i n  rhe  r res t inent  pe r l ad  of t h e  e x p e r f s e n t *  

herring l a r v a l  c r p r l m e n t s  

t"eedir,g succes s  m y  be defifiad as the  perzen- 
t oga  of l a r v a l  fAsh feedzng i n  a given expe r i aen t  on 
one o r  more Ar t en l a  pe r  I s r v a  o r  the ruabes  o f  foo? 
iirgen~s&.,s conan-ned ps r  l a r v a  i n  a given u n i t  of 
t i m e  . 

T-*e r e s u l t s ,  a s  percentage of l a r v a l  f i s c  
feeai izg ,  a l e  shorn  i n  Table 151- For rile mean values  
s h o ~ n .  t h e  c o n t r o l  and t rea tment  A va lues  a r e  not 
signiS:cantiy different ( t  = e-69) Mherea, the  
c c n s r a l  and trearrnent R va lues  a r e  s l g n l f i c a a t l y  
c ~ f f e r e n t  a t  p = 97.52 ( t  a 2 - 7 0 ) .  Low va lues  f o r  
home c.3r5trci exper;ments, e.g. on Dac- 11, i 979  
(Tab le  143, sugges t  problems e i t h e r  l o  Lne c u l t u r e  
c o n b l t r o a s  or age of Larvae used i n  t hese  experr -  
man-- A tnraqiio7.d of around 1 rng s e d z u e n t l l  1s 
sbgges tnd -  

The mectisnrsv of the reduced f eed lag  e f f e c t  i n  
h i g n e r  conci lnrca t ions  of $aspended ,oLids ray 
f avo ive  a decrease  i r i  che v is ib l l i " ,  of prey 
ocgails4ri.; a Glrnurer (19hSi f o r r ~ ~ d  r t ~ t  r i l e  rnininiim 
auuuni O F  ~ r h i t c  ~ l g h t  n-ceseary f o r  larval h e r r i n g  
Lo f eed  on A r t e m l a  *as C,"st*lx, whereas, f o r  f a s t e r  
n s v i ~ g  Belanus  n a u p l l l  i t .  was 13.0 Lux. 

Anotl-rer fa< t o r  a f f e c t i n g  the  nmiber of prey 
crg,n,isn?s c o w r i ~ r d  by a h e r r i n g  l a r v a  is i t s  s i z e  
(El i -x ter  aoci S t a i n e s  ~971)- Thus l a r v a l  l eng th  can 
be AOWI t o  'k an ircportai-t d e t e m i n a n r  of Lhe 
r,,mbev of taod org,tribsms ccnaumed (Fig. 19)- The 
d a t a  prci;tn:c.d a r e  t h e  same a s  those  given i n  Table 
1 and aga in  show t h a t  only t c e a t x e n t  B has a 
significantly lower l e v e l  wf consuapt ioa  of Kcternria 
narzoli l  

Only l i n t t a d  n-~rnber~ of l a rvae  were reaced di:e 
t o  ,ogist;c d ~ f f ~ c u l t i e s  i n  obcainlng Larvas a a d j o r  
d v s  i i n i r l i t y  of i a t d r a l  zooplankton as food. Because 
of t h i s ,  tl e s r  experlrnen:.; should be resarded as 
p r e 1 i ~ " i n ~ r ~  < n d  w regeared wirh  l a r g e r  nuwhers oF 
tes t  i n d i v i d u a i 6 ,  a wider siispeaded sealinunt eon- 
c e a i f r a t i o o  range and under va r i ed  l i g h t  cond l t fons .  

D r f f r c u i L i e s  in cril:urlng h e r r i n g  l a rvae  i n  t he  
L ~ b o r e t o r y  were exper ienced an6 esgs  a r e  only  
a v a i l a b l e  f o r  a s h o r t  per iod  In t h e  s p r i n g  and f a l l .  
A s u r r e s e f u l  c t > l t u r e  method r e q u i r e s  feeding newly 
h a r c t e d  l a r v a e  wi th  s u ~ t a h l y  s i z e d  (60-100 u) 
natur;;l zoap%ankton w h i c h  does not  appear t o  k 
a v a i ? a b i e  i n  Passamaquoddy &y i n  spr ing.  
Presbmabiy s u i t a b l e  zooplankton faad i s  a v a i l a b l e  m 
p l l r a n i c k ~  Bay I n  s r ~ r i n g  aird it would b6 of i n t e r e s t  

-6- 
t o  k n o ~  i.iiilci> spec i e s  o f  zoop iaek te r  are involved. 
F u l r u r ~  c i i l t ~ r c s  i h o ~ i d  k rrade f a l l owing  the  f a l l  
spawmng when s a i t a t l e  n a t u r a l  zoop lank te r s  a r e  
audi ldLlea  86 t5a  l a rvae  grow ( a t  around 6 ~k of  
a g e ) ,  ?he i ? i i c ~ ~ r e l  rood can ?3i? ri"placed b j  morc 
e a s l l y  c i . i tured  i;rtemaa n a u p l l i ,  
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RosblLs of eaperiisier~ts ~ l t h  H1raw:chi Es tuary  
sed~rnen t  a r e  shown ~ r r  Table  26. Slrlcre i n  sham 
experiment.; (Jnhtrstsn aad Wildhsh, iznpubl.) no 
sign1 f l c a ~ i t  d i f f e r e n c e s  te tweer  c o n t r o l  and 
t rea tment  pe r iods  a t  p = 99% were rated, che 
s i g n l f z c a n t  rrvozdance responses  i n  irrm top  half  of 
'i'ablz 2 g r e a t e r  t i lari 12 Ftrn ;mva an o v e r a l i  w a n  
oe rcen reg r  nvc+dsaee of 2 # - 8  and ataqdard  d e v i l t i o n  
(SD) o f  IO-0- Far value9 Less than 12 ppm, t h e  meen 
percentage  avorldcir:ce i s  6.2 f 15-8, Tne :lrreshoLY 
h r  che responee l i e s  ktueera 9-5 and I2 ppn, 
althougii  soae  avoidances were s n n m  a t  2-5 m g l i ,  p = 
45W. Th is  compares wjtii a pcevroitaiy t e seed  s e a l -  
c e n t  (* i i idrsk  et 41. i g ? i a )  f r o n  the  Dlgdegunsh 
Es tua ry  (1 311 Tab le  2 i j  wh,ch ~ d r m i l e  herring. 
avorded ar 19 i 3 mg/L and a more sandy sed rvea t  
(11) at  3; 1 5 ~g;;. In  t he  La t t e r  ca se ,  the l a r g e r  
s and  p r e : c l e s  do a o ~  Lpppear t o  'be 60 r e o e l l a n t  a s  
t h e  srna:i~r s r l t / c i a y  onec. " h e  s ~ z n i l a r r t y  In 
avoidasce  tr.rri;hoid f o r  s e d ~ m e n t s  I and TIE j?lable 
21) may be due t o  t he  physical/chemical. s i m ~ l a r i t i e s  
of tiiesn sediments.  

2- 1s bel ieved that rhe avoinance responses 
s5own b j  j bven i l e  iiarrbnd &re  learned (Johnston end 
Wlldisal, un:xAbl ) and t h a t  i x e  ~ ~ i ~ d r t i o n ~ n g  $t fmuias 
iovnives  vision. Becaxse of t i r i s ,  t he  t h re sho ld  
deciriar'rod m these  experrments i s  probably 
sp;"ad.acii.;-specif1~ since l r  de~eiide;  on the degree of 
L,gilt:ng s<isp-led a s  d e l i  a s  on ri-e geometry 06 the  
appararars w e d  and,  irc".~ce, t n e  v i s ~ a l  cues a v a i l a b l e  
t o  a s s ~ s t  i e a p r n ~ o ~ ,  Paother  f a c t o r  i n f  1ire;icing the 
o e t e r s i n a c l o n  of rbe cs~reshold  ,s ;he t rea tment  
~ e r t o d  Bsea s r i ~ c e  learni i ig  1s ti "crme-aepend 
process .  Of Lhe aaco?a3eioned s r ~ n u l i  i n  t 
\ e r r i n ,  avoidance response,  'mtk t a c t i l e  an  
chewr:al C ~ c c c r s  could be envolved (Johnston 
i l k l d ~ s h ,  unpobl.) .  

Jiiienliie ne r r ing  have bee7 snown t o  avoid 
N i t  amlchr e s t u a r y  s e d ~ a e n e s  a c  rancencra ,  ions i n  the  
p a r t s  pe- "ss~l ioa i  rangr ,  Cairtror is adv-sed In 
e x t r a p o l a t i n g  these  r e s u i t s  :o the f ~ e l ; i  kca r r se  of 
t h e  a r p a r a t l s - s p e e r f ~ c  r a t a r e  of t he  r e s u l t s .  

r . " J r~GtUS  IONS 

P t e  Y l r a r n i c i ~ ~  Estdary  and ou te r  Bay a r e  elle 
s I r e 6  of an rrnporcant eomeccrral  t r s h e r y  fo r  
ner~lng. Pic naszs fcar the  f i s h e r y  1s t h a t  the 
a d u l t  h e r r i n g  n t u r r r  each year  t o  -,he same spa-wning 
grour~ci and a r e  caught in f i xed  g i l l n e b  e r e c t e d  For 
L iiionLh-lo~ig " i s h e r r  season. 2 . h ~  g i b l n e t s  a r e  set 
i n  I b y  near the  moutin of E e l  River  ac  the  
Baie-Ste-Anne arnd Escuminac wharves and a r e  
concentraced in  t h e  a r ea  of h ighes t  h e r r i n g  spa-aliing 
derisiciy, 

"r;e MI zamichi Gt~annei,  wbicii M L L I  be dredged to 
;: depth of 8 m a t  lo* wa te r ,  eu-1s p a r a l l e l  t o  Pox 
Xslanb and about 2 kn away from I t a  In a d d i t i o n ,  
dredge s p o i l  d ~ s p o s a i  s d i e  C r e  c l o s e  t o  t he  m u t h  
o f  Ee? River ,  Kosi of the  qeabed d r i f t e r s  r e l e a s e a  
a t  d i s p o s a l  site f move Lnland towards Eel Rlver .  



%is sugges t s  t h a t  any sediment d l s t u r b e a  dur lng 
d redg ing  i n  t h i s  a r e a  o r  from s p o i l  d i s p o s a l  
r eacn lng  the  bortom a t  s i t e  C w i l l  move ac ros s  the  
a r e a  of t ughes t  spawning and g i l l n e t  dens i ty ,  be 
Pave no means of p r e d i c t i n g  wtar suspended s o l i d  
conce? t r ac ions  o r  s ed~rnen t  d e ~ o s l t i o n  r a t e s  w i l l  
r e s u l t  from the  dredging a c t i v r t y ,  a l rhough we 
s u s p e c t  t h a t  concentrations and r a t e s  of depos l t ron  
w i l l  be h igh when dredglng i s  m progres s .  S t rong 
bottom c a r r e n t s  probably flow over rne spa -a rng  a r m  
and m y  p r o t e c t  it t o  some degree.  

Labordtory e x p e r m e n t s  have s h a m  t h a t  sedimene 
o e p o s i t e d  on to  developing h e r r ~ n g  eggs causes  
snc reased  egg m o r t a l i t y .  i t  i s  of I n t e r e s t  t o  note 
t h a t  f z e l d  mor t a l i cy  ranged from :.6-6,81, pre- 
sumably some of ~ s h i c h  was caused by srnochering due 
t o  m ~ i i t ~ p l e  i a y e r s  or eggs. bgg m o r t a l r t y  m the  
l a b o r a t o r y  exser lments  Has aae t o  a s m o t h e r ~ n g  
e f f e c t  preventing c r r c u l a t i o n  of c l e a n ,  oxygenated 
wa te r  nrorrnd t n e  eggs and c o ~ l d  be cadsed e i t h e r  by 
oar ldup of a  sediment Layer o r  one o r  more 
a d d r t ~ o n a l  l a y e r s  of eggs.  

l b t c h i n g  success  does not seem t o  be ~ n f l u e n c e d  
by very h igh  coneenr ra t rons  of suspended s o l i d s  
a l t hough  t h i s  f a c t o r  r e s d l t e d  in  earlier i l a t c h ~ n g  
and q i ~ o r t e r  ha tching l eng th6 -  Suspended s o l l a  
c o n c e n t r a t i o n s  of a  few p a r t s  per m i l l i o n  w r e  shorn 
t o  a f f e c t  d e l e t e r i o u s l y  t he  feeding success  of 
h e r r r ~ g  l a r v a e ,  and t h i s  could r e s u l t  In s t u n t e d  
growth and subsequent Increased m o r t a l r t l e s .  
Although yea r - c l a s s  s t r e n g t h s  a r e  c o n t r o l l e d  by a  
eonp lex  of f a c t o r s ,  t#o Important ones a r e  t he  
succes s  and amount of spawn and the  a v a l l a ' b i l ~ t y  of 
zooplankton i n  t he  f r r s t  few weeks a f t e r  abso rp t ron  
o f  t h e  yoln s a c -  B lax re r  (1965) has  sugges ted  the  
impostance of t h i s  s t a g e  in  deteznrining s l rb~equen i  
s r r e n g t h  of t he  year-c lass .  Thus, t he  p o t e n t i a l  
impact of s ed raen t  d e p o s i t i o n  and hr&h suspended 
s o l i d s  m g h t  be of s u f f z c s e n t  m g n r t u d e  co a f f e c t  
yea r - c l a s s  s t r e n g t h  of this l o c a l  f i s h e r y ,  

The demonstrated a b i l i t y  of j uven i l e  h e r r i n g  to  
avo id  suspended sediments sugges t s  t h a t  chey, and 
p o s s i b l y  a d u l t  f i s h ,  may avoid h igh concen t r a t ions  
i n  t h e  f i e l d .  Thus, i n d i v i d u a l  f i x e d  g i l l n e t s  
subjec i :  t o  h igh suspended s o l i d s  m y  f a c e  reduced 
cazches  because h e r r i n g  avoid  such a reas .  

One obvious sugges t ion  ro  minimize the  
p o t e n t i a l  e f f e c t s  of dredging on t h e  h e r r i n g  f i s h e r y  
is  t o  c u r t a i l  t he  dredging a c t i v i t y  wh i l s t  a d u l t  and 
l a r v a l  f i s n  a r e  i n  t h e  a r e a .  This w ~ u l d  i avo lve  a  
d redg ing  s toppage in  May-June, p a r t i c u l a r l y  i n  t he  
Fox Is land-Point  Escuuinac a r e a ,  and c losu re  of s i t e  
C f o r  s p o i l  d i s p o s a l  purposes*  

Tile a b i l i t y  t o  p r e d l c t  e f f e c t s  of dredging o n  
t h e  h e r r i n g  f i s h e r y  would be much enhanced by 
knowledge of sediment depos i t t on  r a t e s  and suspended 
sediment c o n c e n t r a t i o n s  i o  t he  spawning a r e a ,  and 
t h e s e  parameters should  be monitorec; du r ing  dredging 
and dumping. A number of f a c t o r s ,  i nc lud ing  l i g h t  
i n t e n s i t y  and l a r v a l  s l z e ,  a f f e c t  l a r v a l  feeding 
s u c c e s s  and these  f a c t o r s ,  rn a d d i t i o n  t o  suspended 
sediment concen t r a t ion ,  should be i n v e s t i g a t e d  
f u r t h e r  be fo re  a  s a t i s f a c t o r y  th re sho ld  f o r  t h i s  
e f f e c t  can be e s t a b l i s h e d .  We a l s o  recommend t h a t  
h e r r i n g  yea r - c l a s s  s t r e n g t n  be monltoreo l f  dredging 
taries p lace .  This could be done by determining 
i a r v a l  d e n s i r y  and/or  by determining catch-per-unit  
e f f o r t  of a d u l t  f i s h .  
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T a b l e  1. Landings ( round  w e i g h t ,  m e t r i c  :ens) and v a l u e s  j$\000) of t h e  
main coinmercial s p e c i e s  of t h e  Miramichi  %y ( S t a t i s t i c a l  D i s t r i c t s  70-73)-  

S p e c i e s  
Average 1969-78 1979 

Landings Value Landings Value 

G r o u n d f i s h  

Cod 
P l a i c e  
Na ke 

To t a  1 

P e l a g i c  & e s t u a r i a l  

H e r r i n g  
Mackere l  
Alewife  
Ee 1 
Sa imon 
Smel t  

T o t a l  

M o l l u s c s  & C r u s t a c e n  

S o f t - s h e l l  clam 
O y s t e r  
S c a l l o p  
L o b s t e r  

T o t a l  

H a r i n e  p l a n t s  

I r i s h  moss 110.0 11,8 12.7  2.0 



Table 2, inshore I i e r r r n g  land~ngs <MT) I n  r i ~ r a m ~ c h r  Ray, Fisilerles 
Statist i ~ a l  D L S L ~ ~ L L  No, 70 for 1947-1979. 

~ n n u a i ~  
Year Apr. May J u  i y  OcL. total 

1947 - 563.0 - - - - - 
1948 - 355.2 - - - - - 
1349 - 191.h 7.7 - - - - 
1950 - 250.6 - - - - - 
1951 75.3 399.3 - - - - - 
1952 - 262.7 - - - - - 
1953 50.8 39.2 - - - - - 90.0 
1954 - 339.3 - - 17.1 - - 356.5 
L955 4.5 1.8 11.3 - - - - 17.7 
1936 1.4 79.1 I & . :  - 2.4 - - 115.4 
1957 - 27.7 13.6 - 1.1 - - 42.4 
1958 83.0 17.2 - - - - - 100.2 
1959 - 38.3 - - - - - 38.3 
1960 - 163.3 - - - - 163.3 - 

1961 - 17.2 - 4.5 - - - 21.7 
1962 - 186.8 5.6 - - - - 192.4 
1963 - 72.5 - - 2.9 - 75.5 - 
1964 - 109.1 - - 0.3 0.7 - 110.1 
1965 - 102.2 18.2 - 2.9 - 123.3 - 
1466 27.8 140.5 - - - - - 168.4 
1957 - - - - - - - - 
I968 - 80.0 - - - - - 80. 
1969 - 161 7 - - - - - 151. 
1970 - 13.6 - - - - - 13.6 
1971 - 121.0 - - - - - 121.0 
1972 - 113.3 - - - 182.8 - 326.2 

1973 - 227.1 - 0.1 210.4 180.5 - 618.1 
1474 - 119.7 0.5 - - - - 149.7 
1975 - 93.5 - - 2.6 25.9 3.0 125.7 
1976 - 83.9 - - - - 83.4 - 
1977 - 5.A - - - - 5 ,4 
1978 - 36.3 - - - - - 36.3 
1979 - 85.1 17.1 - - - - 102.2 

- -- - - - - 
"~nnual loin1 may nnL add tip b e i a t ~ q e  of %inall caichrs taken  In o the r  
inon:hs. 



Table 3. In sho re  h e r r i n g  l a n d i n g s  (XT)  i n  Miramichi  Bay, S t a t i s t l c n l  
District No. 71 f o r  1947-79. 

Annua 1 
Year Apr. %.lay June  J u l y  Aug. S e p t .  O c t .  t o t a l  



Table 4. Inshore herrrng Iand~ngs (NTJ r n  M~ramlchi Bav,  FrsherLes 
SLat;sir,a1 Drstr~ct No. 73 for 1947-79.  

~ n n u a  1 a 
Year A p r .  May June July Aug. Sept. O L L .  t n t a i  

a~nnbal Loeals may not  add up because of siiiali carches taken rn other 
months. 



T a b l e  5. Four-year record o f  d a i l y  herrlqg catches (MT) b o ~ g h t  by one o f  the 
Largest buyers ic Mrramich~ 8ay. 

- -- 
1916 - 1977 1978 i9?9 

Date Fishermen Catch Fishermen Catch Frsbermen Catch Txsheraen catch 

May i 8 2, 53 
2 I 2.21 2 2 9-25 
3 3 5,753 I 3.63 20 4-91; 
4 6 5,OS 1 1-29 26 49,78 
5 I4 l5,85 1 0-82 28 29-11 
6 1 i 32.46 3 1 ,  l 5  
7 13 65-34 3'1 i72.02 
8 9 20.82 3 9.39 22 110-77 42 2 4 1 - 6 1  
9 2 5.53 12 12.08 13 37*15 40 140-32 

10 6 12-61 2 0.57 5 3-72 41 71,06 
i i 7 11-51 15 62-62 
12 7 3 - 2 2  1  0.64 27 240-11 31 55-77 
13 7 39-38 26 115,17 29 136.71 28 40- 44 
14 1 3  25-42 2 l 46,18 4 7-37 34 48-33 
i 5 6 19,44 1 7 69*31 32 151-77 31 i8 .24 
16 23 6 x 3 9  25 :1*2l. 32 23.31 
i 7 6 12,92 2 5 7 5 , 2 0  21 65-66 25 23-09 
18 9 11,47 22 61-95 22 44.5: 2t 32.43 
19 4 2,94 i 4 28.31 :3 13-63 26 40,?l 
20 3 3-63 10 9-76 ? 0 3-41 
2 L 4 3 -70  6 6.30 11 6.28 
22 2 0-65 9 2 1 - 7 8  2 5.12 
2 3 1 3 9* ;'I 12 20-36 
2 i 15 25.85 15 1L63 
25 16 17.26 I I 15.69 
26 2  3-73 1 0.05 10 13-68 
27 3 3,6? 13 19.57 
2 8 1 0,09 8 9 .W 
2 9 1 0,61 6 15.01 8 6- 10 2 !,38 
30 8 15, ll 6 1.72 12 16* 75 
3 1 10 24, 15 4 2-88 

June 1 8 16,65 5 L93 
2 4 7* 6 2  5 12,63 
3 4 2,OO 9 19-96 
6 3 8.50 7 11-79 
5 8 Pl*l8 
6 I 0-51 8 3 , 1 5  
7 3 0.57 
8 
9 i 0-18 

? 0 2 1.32 
11-20 22 25-09 
21-30 2 0-41 

Unknown 7 4,60 13 14.74 

Total 145 310.94 321 716-35 390 1090-76 503 1051.12 
Gatchi' 
fisherman 2-14 2.23 2-80 2,09 



Table 6. Daily herring catches (MT) and catch/fisheraan in the Miramichi Bay spring f i s h e r y ,  May 
1 9 7 9 ,  based on amount of fish bought by foiir major buyers. 

i luyera - ii i 12 f 3 15 4 Total 
Date Fisnermen Carcii Fishermen Catch F~shermen Catch Fishermen Cacch F ishermen  Catch 

May I 8 2 - 5 8  2 3.99 10 6.57 
2 2 1 9.25 4 2 , i l  3 0.52 28 1 2 - 1 8  
3 20 4 - 9 4  5 5 ,72 2 5 10.66 
i 2 6 49.78 4 5 ,62 30  55.40 
i 28 2 9 - 1 1  8 8.53 36 37.64 
6 2 5 ,49 7 8  l 1 7 , 7 0  80 123.19 
7 3 2 172.02 5 15-06 4 6.44 2 0.66 44  194.18 
8 4  2 241-61  25 1.7-08 64  144.02 12 25,98 143 458.69 
3 4 0  1b0.32 27 44.90 67 114.49 134 299.71 
10 41 7 1 - 0 6  8 7.08 47 51.77 96 130.91 
11 25 2 4 - 0 9  2 5 24.09 
12 31 55.77 44 47-65  7 5 103.42 
13  2 8 40.44 2; 2 1 - 7 8  49 62.22 
i 4 34 48,33 18 13.05 49 49.96 101 117.34 
i 5 31 1 8 - 2 4  13 12-06 55 58.74 99 129.04 
16 32 23-31 11 6 - 8 2  50 39.92 93 70.05 
1 3  2 5  23,09 8 4.04 33 21.02 66 48.15 
i 8 24 3 2 - 4 3  10 7 - 6 5  41 40,59 7 5  80.78 
i 9 2 5 40.71 14 17-08  41 36.74 81 94.53 
20 4 2,52 14 13.45 i8 15.97 
2 1 19 18.23 45 39.87 64 58.10 
2 2  7 2.11 17 20.26 24 22.67 
2 3  18 10.00 18 10.00 
2 1  4 l ,  17 4 1 . 1 7  
2 5 4 3 ,10  4  1.10 8 4.20 
2 5 
2 7 2 0.77 2 0.77 
2 8 2 2.20 2 1.27 4 3.47 
29 - 7 1 -38  1 0.66 3 0.70 6 2.74 
30 12 16.75 3 0.31 15 17.06 
3 1 3 1.30 3 1.30 

-- 

T o t a l  503 1051-12  122 209.51 7 4 5  902.59 36 3 3 - 0 1  1456 2195.23 

Catch/ 
fisherman 2.09 1.22 

-- - 

a ~ o r  contidentiaLity, names of fish buyers are not Included. 



Table 7, Number of grlin~ts 0 5  40 meshes deep/ 
frsnerman jadjus~ea t o  a slanoard s r z e  of fath 
long) Ln Escunrna~ rnshorr sprlng h e r r i q p  f~sbery 
(Stailst rcal Drstri~L 73) as reoort~d I n  I n t e r v i e w s  
v r L h  L-4 Frsl~rrmea 

Number of gi/lneis 
-. 

Inierview 1976 1977 1478 1979 

Average effort/ 
fishermen 66.5 75.0 7 8 . 2  91.1 



-16- 
T a b l e  6 .  Results of herring spawnzng s u r v e y  I n  Mirarnichi Bay,  s p r z n g  1979, 

Depin Tempera ture  O C  S p a w n ~ n g  
S i a C ~ o n  9 a i e  (m) S u r f a c e  Bottom BotCom typea d e n s x ~ $  O b s e r v a t  l u n s  

May 8 2 
5 
6 
5 
4 
3 
2 
4 
5 

M a y 1 6  5 
4 
3 
3 
2 
6 
8 
8 

N a y  17 3 
6 
8 
8 
h 
3 
5 
8 
8 
8 

i i 
8 
a 
4 
6 
3 

h4ay 2 2  6 
ii 

3 
3 
P 

5 
2 
2 
2 
3 
5 
6 
L 

3 
2 

Hay 2 3  6 
4 
3 
2 
I 
2 
I 
2 
4 
2 
.d 

8 
8 
6 

Pav 2 5  ? 
> 
2 
3 
4 
5 

izO 
80 
RO 
KO 
RO 
RO 
RO 
RO 
RC; 
RO 
ao 
RO 
RO 
XO 
RO 
RG 
RO 
XO 
R0 
R.3 
S1. 
it0 
iiO 
RO 
S A 
S.4 
RO 
R0 
RO 
RO, SA 
RO, SA 
KO 
RO 
RC; 
RO 
RO 
RO 
RO 
110 
XO, SA 
RO 
KO 
XO 
RO 
RO 
RO 
KO 
kO 
RO 
RO 
RO 
RO 
RC, 

XO 
RO 
XO 
XO 
SA 
SA 
S 4 
SA 
Ki1, Eli1 

rit l 

M\l 
SA 
KO, Mii 
WtJ 

Mussels  

I r i s h  moss, s e a  urchins 

M ~ i s s e l s  
Musse ls ,  weed 

Sea u r c h i n s  
Kockweed 
Rockweed 
Rockweed 

S m a l l  rocks  

L o b s t e r  

l r r s h  noss  
aockweed 
Rockweed 

Smali m u s s e l s  

Husse ls  
Weeds, musse 1s  

I r i s h  moss 
I r ~ s h  moss, rockweed 
l r r s h  moss, rockweed 
I r i s h  utoss 

l r z s i i  m s s ,  rockweed 
Lrrsh  moss, r o c h e e d  
I r i s h  moss, rockweed 
l r z s h  moss, rockweed 
i r l s h  m s s ,  rockweed 
i r r s h  moss, rockweed 

H u s s e l s ,  Lobs te r  
hfusse 1s 
Hussc 1s 
Rockweed 
Rockweed 
Rockweed 

Rockweed, p e r i w i n k l e s  

F e i g r a s s  

O y s t e r s  

Rockweed, musse 1s 



Table 8. (cos t " .  j 

Deptn Temperature "C Spcwnrr,g 
S C d i l ~ n  3 a ~ e  im! Surface ao~eom ~ o i c o m  typea densr~yb o>ser?ai rons 

S A i: Eelgrass 
S Y , M  G 
SI, Pm 0 
ST, Hf 0 
SX, Mi 0 
SI, RD 3 HusseLs 
S A 0 Eelgrass 
0 T 31, R g  (i 

PO 0 iersh muas, musseis 
RO 0 Irish moss, ovslera 

aRO = rock, SA = sand, MU = mud, ST = s r i t .  
bo = no herring eggs, A = 1-9, B = 10-99, C = 100-999, D = > i O C O  eggs. 



T a b l e  9 .  Examrna t lon  of n e r r r n g  eggs  c o l l e c i e d  from Lhe spawnrng bed near  
E s c u m ~ n s c ,  May 1979 .  

S r a g e  of T e m ~ e r a t u r e  'C 
D a t e  development  Marnbsr % d e a d  S u r f a c e  Bo~Lom Remarks 

May 16 
1 7  
i 8 
19 
20 
2 1 
2 7 

4 m d e e p  
Eggs i n  heavy d e p o s ~ r  
Zggs i n  a  w a t  4-6 l a y e r s  
Smal l  c lumps 

I *  8 1  

I I 

Eggs h a t c h i n g  
I 1  11 

Host h a ~ c h i n g  is o v e r  

" s e v e r a l  aLLempLs t o  c o l 1 e r L  eggs  w i i h  3 g r a b  %ampler  were made, b u t  o n l y  6 e g g s  
w e r e  found ,  :nc l u d i n g  4 d e a d .  

T a b l e  10. R e i o v e r r e s  (as of $ r b r u a r ?  1980) f rom s u r f a c e  d r ~ f r e r s  and s e a b e d  
d r s f L e r s  re leased rn ~ f i r a m i c h i  Ray i n  1979, 

No, and Daie  of  No, o f  f%l  F a r t h e s t  point o f  
d a i r  of r e  l e a s e  r e c o v e r y  recoveries r e c o v e r ~ e s  recoveries 

S u r t a ~ e  d r i E L r r s  J u n r  1979 
J u n e  1979 J u l y  1979 
(100 r e l e a s e s )  Augusi  1979 

ToLal  

S u r f a c e  d r i f i r r s  A u g u s ~  1979 
A u g u s i  I979  S e p ~ e r n b e r  1879 
(450 r e l e a s e s )  O c t o b e r  1979 

November 1979 
T o t a l  

S e a b e d  drlf t e r s  J u n e  1919 
June 1979 J u i y  I979 
(100 r e l e a s e s )  August  1979 

T o t a l  

S e a b e d  d r r f t e r s  August  1979 
Augus t  1979 Sepieinber  1979 
( a 5 0  r e l e a s e s )  O c t o b e r  1979 

November 1979 
December I979 
J a n u a r y  1980 
F e b r u a r y  1980 
T o t a l  

6.0 Cape NurLh, Cape 
B r e t o n  I s .  

8 . 7  ForCune Bay, N f l d .  

85,O Oak P o i n t ,  Mi ramich i  

3 
66 
49 
22 

5 
1 
4 

130 2 8 . 9  M i l l b a n k ,  Miramich i  
R i v e r  



Staeror ,  Temperaidre bC 
.io Daie Type of gear S u r f a c e  BoiCoa 

M in i m u n  
P i o w ~ i i a i e r  f i s h i n g  m .  

i ime 
r e ad ing  d e p t h  (rn) S t a r i - f i a i s n  

Bongo .333 
- 



Table 12. Species of Larval fish found in iiir planicton collectitin, Miranichi 
Bay, Xay-June 1973. 

-- 
. . 

Species irsL:ng anCi code for Xiranlichi Project ---. --- 
No. 

Species Comiiui: name caught 

nnrnaSgiJr.es s p ~ .  
Aspidophoroidc?~ mompz;rer.qjius 
c: :.pea dLasengiis 
Cuttf dac 
Encl-el yopus. (;i~nbr i its 

Gados morkua 
Gasterosteus acul  eati;s 
Sasteroster~s wi!eaelandi 
G l  yptoccp~al us cyn5giossn.s 
Hippm~lo~vsoides p! atessoidcs 
Limanda ferri~ine~: 
L i p r f s  spp. 
Wal iotus vi;?osus 
r t z n i d  ia n e n l d i a  
~erluccitis billi~eacis 
Myoxtxephalus  ecnaecs 
Gsnertzs nusdax 
Phol is g u m e l  !us 
P s e n t l ~ p l  e!uronect;?s n.-rericar:iis 
Scomber seombrus 
Sccphtha:mus aquosi:s 
St icbr?us pui?ctati is 
~a utccjol abr u s  adsprsus 
iil vnria sizbbifurca tci 

Sand lance 1410 
Alliga~nrf i s h  3 1 
Eerriag" 2630 
Scnlpin pb 
F o u r b ~ a r d  rockling 9 
Coda 1275  
?& lttr~espine siickieback 
Blackspo~Led s i i c k l e b a c k  

?; 

Greysole f I o u : ~ d ~ " r  i5 
American p l a i c e  ; 00 
Ye! lowtail. flounderR 258 
Secsna~ 1 li331 
Cape l i r ~  i O i  
A: iantic silverside 6 
S l lver hake d 

Crubby sculpin I:h 
Snie I i" ^ <  0 ;  -i.-ii i 8 
Rock gi~nnel 13 
W i n i e r  f iuuadera 805 51 
Hackere la  766 
, r :  
n ndowpane Flounder 2 
Arc?.ic sl~anny 3 
C irnrle r I 

R a : i i a i i ~ d  shan~ iy  2275 

.. - -- - 

"O? cownicr~ i a  i v o i u e  in H i r a o ~ i c i ~ i  Bay. 
Pb = preseni bc t  i;iiirrbcrz; unknown, 

T a b l e  13. S:;spendrd a e d i m e n i  c o n c e n i . r a i  ions ( % / i d ;  
u s e d  iii erperiii~eni 1. The 1 1 1  mg/L fir the control 
levels is due main ly  lo s s i ~  which had n o t  been 
washed  oui  of ihe filtered samp:es. 



Tahlr 1 4 ,  Suspended sediment concentral ions (iilg/L? in exper hen1 
2. The h i g h  levels in (3-1 and C-2 may be expiained as for c O i l i ~ 0 1 0  

in Table 13. 

Table 15. Hean lengths of haiched larvae i r i  t h e  
various ireatmenis in experiment 1. So l i v e  larvae 
were obtained from i he  high conceniraiion. 

Dare 
1974 

Sediment concen~raiion 
Ccli~~rol Low Medium R i g h  

May 23 >lean iengLh 7.64 7 . ? i  6.87 - 
l l 2 8 2 3 - 

S . D .  0.32 0.53 6 . 4 8  

May 25 Meai? length 8.00 7.33 7.80 - 
n I3 3 1 0 - 

S . D ,  0.41  - 6.35 - 

Total hatch ( l i v e  hatch) 58(573 55(56) i?4(8X) 7510) 



i r n i  

a 0 ~. 
N O O N  
-0 - 
4 



Table ii. Gomparrson of aean lengths of cewly h a r ~ h e d  larvae and 
number of eggs orrgrnally piaced  in cones among the various treatneQts 
~n expermtent 2. 

"- 

Mad11 X~ipaii 
l e . i g i h ( m )  f eggs .- 1 e n g ~ h b d  ii: eggs -- 

Control 7. 50 559 7.01 1390 j; 

LOJ 7 -, 
1, i L  42  9 7,29 1076 r 

Mediurr 7.07 47 1 6-78 191 * 
ri rgtl 6. 91 768 5.67 861. VS 

Table 18. R e s u l t s  of nwleiple rai ige ies! on !arval l eng ih  d a t a .  Any t w o  means 
not underscored by :he sane iirie arc-: significantly difftrcr~ (p d 0.051. 

Treairnenl5 ranked 10 order from smalEesi Lo largest  mean larvdl l e n g t h  

T a b ? ~  19 ,  P ~ r r : t ~ n i n g t r  of herring larvae jn = 6 :o 10) 
feeding i n  con:ro? and i.rcnim~--ii experiments. 



T a b l e  2 0 .  A v o r d a n c e / p r e f e r e n c e  r e s p o n s e s  of juvenile A t  l a n i r c  h e r r i n g  t o  
v a r i o u s  c o n c e n r r a i L o n s  of Mrramrchl  E s l u a r y  sedlmeni. 

P r o p o r L r o n  of LLme 
Sedrment  rn  A o r  3 % 

~ o n c e n L r a t ~ o n  C o n r r u l  T r e a t m e n t  S r g n r f  ~ c a n c e  Avold.  - 
rng jL - i- SE + SE ($1 P r e f .  * - 

55.3 .54 * ,033 .43 + ,057 90 -8.6 
48.6 .56 9 .054 .30 T .054 97.5 -24.1 
46.3 .53 7 .035 -16 .031 99 -36. i - 
33.8 .54 A .034 .45 2 .043 90 -7.7 - 
29.1 .69=.035 .352.05 99 -30.7 
21.6 .53 .026 .27 2 ,041 99 -25.5 
21.9 .60 I .04 .35 - + 035 99 -25.4 
12.0 . 52  4 .056 .3? T .047 97.5 -20.7 
12.0 .63 + ,051 .3i .04 99 -33.0 - 

T a b l e  21 Sed~meni sorting ihara~~er1,lr~s and P a l k l e y - B i a i k  o r g a n r c  
carbon as p p r ~ r n t a g e  d r y  weLght o f  the sed1mrnL. 

Number Soi irce ~d $4 1v 1 Q Skq@ % c a r b o n  

I D~gdeguash E s t u a r y  7,94 (4.5) 0.79 -0.13 3.11 
il P o i i e r y  C r e e k  6.58 (10.0) 2.57 -0.69 1.30 

111 Mrrarnlchr E s t u a r y  7.40 ( 6.0) 1.51 -0.27 3.33 





-,. 4 Aerial ptaotirs showing v ; : ~ : ~ { -  ~ 
,4.,-.. - rn Micsmichi B a y  (A) 2nd herring 

giilcers !a ) ,  



Nerrrng gillnei distribut~on oq a spawnlag 
Fox Island, Mlramichr B 

Hsrrmg G ~ l f   el Dtslribarlnon May D79 

Gill Nets / km2 

2 
Fig. 6. Herring gillnet dlsiribution inumber oi netsikrn ) rn southern 
Miramichi Bay, based on an aerial survey, ?lay I&, 1979. Each gillnet 
represents eight standard nets (27 m long and 40 meshes deep). 



F i g .  7 . .  k s u l i s  o f  h e r r i n g  spawiling bed s u r v e y  in Miramichi  Bay a r e a ,  showing number o f  
h e r r i n g  eggs  per  sample .  Proposed dump s i t e s ,  B aind C1 and dredge  channel  a r e  a l s o  

Sea-bad Driftera 
June 1979 

F;g. 8 .  M a 2  o f  t h e  Gulf o f  S i .  Lawrence showing Frg .  9.  Xap of the  Gul f  o f  S t .  Lawrence showlng 

Locairon o f  r + c o v e r ~ e s  (number ~n b r a c k e t s )  from loca txons  o f  r e c o v e r i e s  (number  i n  b r a c k e t s )  from 

s - r f a c e  d r i f t e r s  r e l e z ~ ~ d  ~ r i  J z t n ~  1479  450 s u r f a c e  d r l f t e r s  r e l e a s e d  ~n August 1979 .  



Surface Dri f ters  

I' June 1979 
-/ . i 

Fig. 10, Map of Xrram~chr Bay showrng locairons of 
recoveries (number r n  bra~ketsl from 100 seabed 
dr~fters released rn June 1973. 

-, r l g .  . 11. Map o f  Xiranichi Bay showing loca~ion o f  
recoveries !number in braekeis: from 450 seabed 
drifters released in August 1379. 

F rg .  1 2 .  Yap o f  M"iramlch; Bay and nurlhern Noril~i~mberland 
SLrali showrng  lanki ion sta~rons sampled 



Herrtng Larvae -- 
\ -- 

Flg I?  hoynnance of h e r r i n g  i a r v a e  {number under  
a n  * r e a  10 v 1 ,  based  ~q plaq~tan s u r v e y  i n  
Mrrarn~chr  Bay, May 1979,  

F i g .  14. Abundance of s m e l t  l a r v a e  (number under an 
a r e a  10 m2l3 based on p l e n i i o n  s u r v e y  i n  
N i r a m i c ' r i i  Ray, Play 1979. 

F i g ,  15. Abundance of w i n r e r  f l o u n d e r  l a r v a e  
2 (number under an  a r e a  10 rn 1, b a s e d  on  p l a n k t o n  

s u r v e y  i n  K i r a m i c h i  Ba:y, May 1974. 

Sand Lance Larvae 

F i g .  16 .  Abundance of  sand  l a n c e  l a r v a e  (number 
2 

u n d e r  an a r e a  10 rn 1 ,  based  on  p l a n ~ r o n  s u r v e v  
i n  M i r a n i c h i  Bay ,  Hay i979 .  

P i g ,  1 7 .  Mean l a r v a l  Length vs : h e  fur  Lhe v a r i o i : ~  
suspended sed iment  c . > n c e n i r a t i o n s  i n  experiment 2 
(low egg d e n s i t i e s ) .  F o r  d e t a i l s  on number o f  
Larvae from v a r i o u s  sed iment  c o n c e n ~ r a t i o n s  and 
~ i m e s ,  s e e  Appendix 11. 



H ~ g h  Egg Densitles *-*-.&-2 

!A -2 

Fig 18 Yean l a r v a l  Fengih v s  L r m n  f o r  t he  varluias F r g  19 .  The number of  Arterrla n a u p ? ~ ~  ionsuned  p e r  
s i rspended sedrment c o n c ; . n t r a t ~ o n s  I@ experiment 2 l a r v a l  h e r r i n g  p e r  2 h a g a l n s t  ber rLng l a r v a l  l e n g t h  

( i l ~ g h  egg d e i ~ s l ~ i e s ) .  For details on number of ~n  n r l l m e i e r s .  
l a r v a e  from v a r r o u i  sedrrneni ,onceniraLxons and 
i l q e b ,  s e e  A p p e ~ d l x  T I .  





APPENDIX i t  

Number of Larvae measured and mean length in millimeters for 
each treairnenP and day, 

Davs p o s i - f e r ~ i l  ization Treatmenr r e a n  
'~reaineni 7 8 9 I0 l i  12 13 14 andcotain 


