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Energetics of Pacific Herring (Clupea harengus 
pallasi)  Embryos and Larvae Exposed to Low 

Conentrations of Benzene, a Monoaromatic 
Component of Crude Oil 

Wliet i  fish eggs a i i t l  larvae i i tv  vicswecl as 
open systt.tiis thrcittpli which (~ti(~rgy tbtiiers 
and exits (Von B ~ ~ r t a l a t i f f ~  10.50). t1it.y r x -  
hibit unique cliffc~rc~tic~c~s I ' r~~ t i i  o1ilt.r lit '? 

rrly scilt4y on etiilog(~tioiis t.ttc.rp\ sottr<.tbs i n  
tht.ir primary er i ( . rp~  t~x l~~~ t t~ l i l i t r t~s  tor 
griiwtti and tlt.vc,l,llitiii.tii. 1,atc.I larval 
stages m u s t  obtaiir c'iicrgy trcitii cwigt~tious 
food s o u r c e . .  Near ! ,ilk al)siirptioti. larviit. 
tilust clevrlop t o  1 1 1 t h  $tag(, ~ I i c ~ t ,  111t.y ('ati 
successfully niake the transition to exope- 
nous energy utilization b y  Iciraiing. captur- 
ing, aiicl tnetabolizittg f<io(I  CY .-c.ritical 
periocl." May 19741. Stirviva1 of tliesr early 
life stages is often i t t t iuo i i s .  aritl ati utider- 
standing of  the enc.rgt.tic* procwsrs atid t h t .  
envirotiniental and iti l i tv-t ,nt  f'ac,lors affect- 
ing tlietii is ecdiigic,ally importatit. 

I n  addition t o  naturally cic.c,urriiig en- 
vironnietital stress o t i  early stages. thert. arts 
stresses resulting froni man's alteration of 
the e nviro ti in e t i t  . su c 11 as pollu t io t i .  A niong 
the increasing hazards t i ,  fish eggs and lar- 
vae in this regard is the potential exposure 
t o  crude oil and petroleum products. Eggs 
and larvae of phylogenetically divergent 
species have exhibited lethal and sublethal 
responses when challenged with crude oil. 

stages. Eggs. e I l l l ~ l ~ ~ ~ l s .  atit1 \ l l lk-sal~ larva(* 

I Formerly J. A. Struhsaker. 
452 
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TABLE 1.-Intlepenrlent variables in benzene toxicity experiments with Pacific herring. 

Mean initial benzene 
Duration of experiment concentration Mean 

(after fertilization) (pVliter) temper- Mean 
Developmental Exposure ature salinity 

Experiment stage Days Hours times Control Low High (C) (%) 

1 Embryo a-7 &168 Initial 0 0.06 0.56 13.5 23.0 
exposure only 

exposure only 

exposure only 

2 Yolk-sac larva 7-12 166288 Initial 0 0.04 0.52 12.5 23.0 

3 Post-yolk-sac larva 12-24 288-576 Initial 0 0.14 2.10 12.2 23.0 

Pacific herring eggs and larvae; (2) to dem- 
onstrate effects, if any, of exposure to 
sublethal concentrations (approximating 
chronic levels) of benzene on various 
energetic parameters: and (3) to contrast the 
energy budgets of larvae i n  the above exper- 
inient a1 condit ions. 

M F:’I‘HOI)S 

‘l‘hree individual experiments were con- 
ducted, each concerned with a different 
early life stage-embryo, yolk-sac larva and 
post-yolk-sac larva. 

For experiments on embryos we needed 
t o  establish the exact tinie of fertilization, 
and t o  expose the embryos as soon as  possi- 
ble after fertilization. To do this. sexually 
mature Pacific herring were collected front 
San Francisco Bay in December 1974, and 
artificially spawned i n  the laborator). Eggs 
were extruded by stripping. arid distributed 
in single-egg rows on 10 X 25 ( ‘ 1 ~ 1  clear glass 
plates. The  plates were immersed i n  cim- 
tainers filled with a niilt-seawater mixture 
for about 1 min. The  plates were then rinsed 
in triple-Curio' filtered (pore size 5 w )  seawa- 
ter and placed in rectangular &liter test 
containers. 

For expeririients 011 larvae. test organisms 
were obtained froni naturallk spahneci eggs 
collected within 24 h after spawning I I I  Sari 
Francisco Bay. ‘Hie eggs front t w o  diff erent 
spawns (December 1974 and January 1975) 
were used in the yolk-sac and post-yolk-sac 
larva experiments. Eggs were rinsed aftel 
being brought from the field and placwi i n  
the sanie 8-liter test cvmtaiiiers for incuba- 
tion. Larvae hatched after 168 11 (7 days). 

Reference  to trade n a m e s  does not imply endorse- 
n i m t  b v  the National Marine Fistirric.s .Ccrvic.t,. 

Newly hatched larvae were used for the 
yolk-sac larval experiment (7.2-9.0 mm 
standard lengths). After the yolk was con- 
sumed and feeding established at 288 h (12 
days) after fertilization, the post-yolk-sac lar- 
val (9.4-13.4 inin standard lengths) experi- 
ment was conducted with the remaining lar- 

In all cases water in the test containers 
was changed prior t o  benzene exposure. At 
the beginning of incubation, i n  all 3 experi- 
ments, an antibiotic treatnient of 5 ppni 
~rythroniyc*in gluceptate was given to re- 
duce excessive bacterial epifloral growth on 
the ctiorion. Other physical-chemical condi- 
tions i n  the test containers are presented in 
Table 1. 

Post-yolk-sac larvae were fed the iiiarine 
rotifer, Brcichiorius p l imt i l i s .  Rotifers were 
reared according to methods of Theilacker 
and McMaster (1971) except that Nephro- 
selniis sp., a small green flagellate, was 
used for rotifer food. We estimated the feed- 
ing rate of  the larvae by nieasuring the de- 
(,line i n  rotit‘er c.onc.etitratioris (C:oulter 
Counter. Jlodel ZBI) in  ttie test containers 
and adjusted thein according to fluctuations 
i n  a c.ontrol rotifer population held in a sinti- 
lar container without larvae. 

,411 expi~sures to  twiizene were single 
doses under slatic. c.onditions. Benzene was 
in t  roductd i n  t h e  forni of precal(dat  ed 
amounts of benzene-sat urat ed seawater. 
Wr attenipted to expose ttie herring t o  ~ w o  
chronic c.oric.eritratiotis of’ approxiniatelv 1.0 
and 0.1 p l h t e r ,  subsequently referred to as  
“high” and ‘‘low,’’ respectively. Exposed 
larvae were contrasted to controls; that is, 
embryos or larvae held under similar condi- 
tions except for the absence of benzene. The 
actual amount of benzene in the water varied. 

vae. 
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Yolk voliitur,  
drv weight, growth 

,11111 ~lrvel ( ipnirnt  

Sample 
size indi- 
viduals/ 

Sampling treat- 
Experiment Stage frequency nient _ _ _ _ _ _ ~  

1 Egg Dail, 5 
2 Yolk-sac Daily 5 
3 Poet-yolk-sac Daily 5 

Nun ih r  
of repli- 

Ages when tested I)uratioii cates/ 
(hours after 01 test treat- 
lertilizat ion) (hours) itient 

48, 72. 96. 120, 144 24 5 
168. 192. 216, 240 24 5 

312. 360. 456 24 5 

however, due mostly t o  it5 volatile nature. 
Coticetitrations wrre determitiecl on a 
Tracwr M'T 220 gas chromatograph ((3:): 
water samples were taken immetliately after 
the benzene-water mixture was added. 'Hie 
mean initial wiicerttrations are prt.sented i n  
Table 1 and were 0.04 to 0.14 (lob) atid 0.52 
to 2.10 pvliter (high). Measurements of ben- 
zene in our 8-liter test containers have shown 
that the benzene concentration declines 
exponentially to an average of 25 to 30% of 
the initial Concentration (Struhsaker et al. 
1974) by the end of 24 h and is below the 
detectable level of our method (0.01 pl/liter) 
after 48 h. 

Deperttient variables rireasureti i r i  t ticst> 

experiments are outliiiecl i t i  'I'abltt 2 along 
w i t h  the saniplitig frtyuc*tic.ies. saniplt. 
sizes. and replicates per treatiiit.tit. Ytdk 
volutties (1') were calcidsted I I ~  making 
Ictigth ( L )  atid height ( H )  iiieasuretiit~itts id 
111c ovoid yolk  sacs uitli ai l  ocdar  mic~rtittie- 
ter and using the ellipsoid volume fortnula. 
b' = (rLH'))ih. 111 the dry utlight detertiiitia- 
lions. saiiip1t.s were rinsed i n  distilled wa- 
ter, dried 24 h at 66 C and weighed on a 
Cahn electrobalance to k0.1 pg.  Since the 
egg c.horiotis comprisr ovt'r 30% of th t .  dry 
wtliglit of Atlantic hcw-itig cggs (Blaxter atid 
Ht~iiipel 1966) and our t,stiniatrs for six 
sainp1t.s id 25 Pacaific. herring vggs t1ac.h 
amounted to 2976, we subtracted the 

TABLE 3. -Lkscr ip t iw  rqiii it i i iri . \  :!/ ?olA c t i l o r i ( ~ . s ,  ti,\.\iiP i . i i 101  it,,\. t i r r ( 1  c~tr t~ i l io l i r~  c~rl : i r ic~. \  i r r  l'trcifir hr,rririg 
rmbrjos  nrril yolk-stir Itrrixrr eiiwsetl t o  0 ( c o r r / r o l ~ ,  low. i i r t r l  high f,:irrei,ritrirtiorr.s of herizc~ric~. Y i s  ctilorit~.s: 
X is diiys post-j&-tilizcition. a 

_ _ _ _ - ~ _ _ -  ____ 
Benzene 

Stage ccincentrations Equatiiin Curve typr I 

Yolh Ciiloiic$ 
Embryo (days 1-7) Control }' = 1.473 ,, 16'263P Expouetitial 0.96 

Power 0.94 High 

I A I W  \ '  = 0.865 ~ 0.0652 Y l.uiear 0.97 

Low y ~ ] , 4M ,, 0 ,1111\ Exp(,nential 0.96 

Yolk-sac larvae (days 7-12) Coutnd k' = 0.879 O.Ih42\ I.iiivar 0.97 

High 1' = 0.9.54 0.0725.4 I . iucar 0.99 

Embryo Control Y = 0.742 t ( -  O.8095iX I  Hyperlioliv 0.98 
Low > '  = -l).O77 + 0.0865X I.inear 0.94 
High Y = -0.118 + 0.1034X I.iileiir 0.91 

Yolk-sac larvar Control )' = 1/(2.351 ~ 0.0~Xill.Y) H yprrbiiliv 0.29 
Low k' = 0.0822 + O.cM2O.Y Linear 0.88 
High 1 = 0.1484 + 0.0350x I.inrar 0.93 

Embryo Control I = -0.0039 + 0.0137X 1.inear 0.51 

High Y = 0.0801 - 0.ou564x 1.inear 0.22 

)' = 1,506 \ O',t!Nh.\ 

Tiasrw C i r l i i r r r ~  

C(ita6olir. Crilorirs 

Low k = 0.1150 ~ 0.011BX Linear 0.40 

Yolk-sac larvae Control Y = -0.2516 + (3.6791X) Hyperbolic 0.72 
Low Y = -0.4326 + (5.367/X) Hyperbolir 0.89 
High Y = -0.7706 + (9.5121X) Hyperbolic 0.79 

a Thrsr best-fit cquatiuns are one day out of phase with the graphs of Fiyurr 2. The rqustims were cairulatrd ktr  thr, tmd of rach 24-h ppritd. and 
thr graphs were calculated for the brginning of Parh period. 
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chorion weights from the total egg weights 
throughout the study. 

Oxygrn c*onsuniption as a measure of 
catabolism was deterniineti M i t h  a Gilson 
differential respirometer. Either 25 eggs o r  
10 larvae were placed i n  each 25-nil vial 
with 10 nil of fresh filtered seauater. 24 h 
after their exposure t o  brtizrne. Five repli- 
cate vials per treattitent were run for 24 con- 
tinuous 11 and c-onsumption values averaged 
over that period. After each 24-h measure- 
ment a new experinient was hegun as soon 
as the respironiettar could be refillrvl \\ i t h  
new test aninials and fresh seawater. 

Ytdk.  tissue. and rotifer c-ali~rir contents 
were determined my means of a Parr atiia- 
batic microbomb calorimeter. Measurements 
of three replicate samples per treatnirnt 
were made daily (Table 2). 

Energy budgets of the enibryo and ycdk- 
sac larvae were computed by the dry height 
method. explained in  detail b y  1,aurenc.e 
(1969). The percent clec~rease in  yolk v o l u t n t ~  
was niultiplietl b y -  the original yolk weight. 
and this value was ntultipliecl b y  the caloric 
value per gram dry  weight cif'ciriginal ytdk t o  
obtain the caloric value prr unit weight id 
yolk. Tissue weight was calculatetl h y  sub- 
traction of yolk weight from the daily total 
weight of the embryo (or larva) anti yidk 
ci~ntplex.  hen, the pro(1uc.t of tissue M eight 
anti tissue c*aloric value per uni t  weight (i.e.. 
6,034 calig) yielded calories i n v o l v c ~ c l  i n  
anabolisni. 

Construcating an energy hidget f i r  fetd- 
ing larvae involved detrrtitining the amount 
of rotifers c ~ o n s u n i t ~ ~ l .  estimating t he 
calories ingestrtl. and comparing this value 
w i t h  the tissue growth ( i n  bright). 
Catabolism was estiniatt,(l tltrougli t h t ,  tlif- 
ference i t 1  tissue forttied titinus food in- 
ges t eti . 

Data were  analyzed l)! analysis of 
covariance, using the University of Califor- 
nia Bionietiic~al prograrns. BRII) 1R (Dixoii 

1971) and methods of Snedecor and Cocti- 
ran (1968). 

H k; s I1 LI'S 
E ti ergy U t  il izcit iorr i 11 I :ill rs-pos f J ( l ,  

Cor I t rol f.:nr br>-os ( I  ti  ( t  La rixi P 

Energy utilization of embryos and larvae 
reared under experirnental conditions. M. ith 

12-14 0. ;3  1.38 1.53 0.71 0.79 0 7 7  
14-16 0.19 1.01 1.23 ll.60 0.75 0.7.i 
16-18 2.6; 1.39 1.6; 0.88 0.80 0.85 
IK-20 0 . 5 0  O.hl 0.56 1.0.1 1.65 0.78 

Total. 6.17 t .84 h.44 4 . w  5.59 4.23 

2 ~ 2 2  1.78  o.ts 1.45 1 . 1 1  1.m 1.08 

I I O  expc~sure to lwnzent~ are drsc*rilwtl here.  
'I'lit. avrragt. titarring egg weightd 216 p g  
and c.ontainrd 1.3 c*alories. prior t o  fertiliza- 
tion. The c,ali,ric, c.orttrnt 1)er u n i t  of dry 
weight avrragecl 6.020 caalig. For c*onipari- 
son, Lasker (1962) found an average of5.386 
calig i n  unf'er1iliztvt sardine eggs. a i d  Paf- 
fenhiit'er anct Rosrntlial (1968) estimated 
6.585 i.alig in .4tlantic. herring (yolk o n l y ) .  

During i ti c d ) a  t i t  ti t It 1 .  e nergy avail able to 
(It~vt~loping eni l )r \  os ( y o l k  wtaight and yolk 
calories) ilt.c.lintv1 t~uponeittially to ahout 
30': of  the origittal antotint (Figs. 1 A .  2: 
'I'ahle 3 ) .  .4ftrr 1iatc.hing. 7 days (168 h) after 
f 'e r t i 1 i x a I i i I I 1 , ('I I I I - 
suinptioit linearly to  (~otiiplrtion of yolk  at)- 
sorpticiti O I I  clay 12 (Figs. 1.4. 2: 'I'able 3) .  

,.\nal~oIic* tsnt*rgy i n  terms of t>nil)ryo tissut. 
ueight (1 issue c.aloritas folltiwetl a similar 
trtanti) increastvl hypf~r1)olicaIly to  clay 5, 
then decwasrd just 1)rior t o  Iiatc*lting (Fig. 

7. weight again inc,rrasetl. Aftcr hatcliing, 
larval tissuc u taigltt tlec~linrti unt i l  day 9, 
theti grailuall> inc.reasecl linearly u n t i l  feed- 
ing on clay 12 (Fig. 1B. Table 3). After initia- 
t i o t t  id feeding. tissue weight increastd 
more ralbidly (Fig. 1B. Talde 4). 

Cata1)olic energy (difference between 
yolk o r  food calories used anti tissue calories 
forrnetl) was highly variable. Catabolic 
calories in emhryos were low until day 2. 
t1it.n inc.reaue,l on day 3 t o  almost 0.2 
c,alories (Fig. 2). 'They then varied daily wi th  
t i  I I si g ti i fi can t disc e r ni ble pat t er ti t hrc )u g h 
hatching un t i l  energy in the yolk was essen- 
tially depleted on day 12. No energy deficit 
(cata1)olic c.alories exceeding anabolic 
calories) occurred through the period of en-  

1 ar v ae ) ti t i n  u e( t 1 ( ) 1 li 

i ~ ,  'rai)ie 3 ) .  F~~~~~~ day 6 t o  i l a t c ~ i l i l l g  o I I  ( f a y  



456 TRANS. AM. FISH. SOC., VOL. 106, NO. 5, 1977 
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A. YOLK WEIGHT .-. CONTROL 
t,----n LOW CONCENTRATION 
0-0 HIGH CONCENTRATION 

embryonic stage 

I I I I 1 I 1 

2 4 6 8 10 12 14 16 18 20 22 24 

6. EMBRYO/LARVAL WEIGHT .-. CONTROL 
&-A LOW CONCENTRATION 
0- 0 HIGH CONCENTRATION 

-0' 

embryonic siqe ydksac stage psi-yolksac stop 

. ---. 

, I 

2 4 6 8 IO 12 14 16 18 20 22 24 

TIME AFTER FERTILIZATION (DAYS) 

FICUHE l.--Drj weights (pg) of yol l ,  ( A )  cind embryonic ( ~ n t l  lnr7~11 tissurs ( B )  /ion1 f'cicifi'c hrrr-ing exposrd to  
high, low,  a n d  zero (contro l )  benzrrte concentrations. 

dogenous energy utilization i n  control eni- 
brqos and larvae. 

Embryonic metabolic rates estimated 
from measurement of oxygen consuniptjon 
showed a rapid prehatch increase 0 1 1  day 6, 
then declined (Fig. 3). After hatching on day 
7, larval metabolism increased rapidly by 
approximately tenfold. Another decline oc- 
curred on day 10 prior to feeding: then con- 
sumption gradually increased through yolk 
absorption 011 day 12 into feeding (da) 12 t o  
end of experiment on day 21). 

Feeding began on day 12 (288 h). Trends 
in calories of food energy consumed were 
less definable than those of endogenous yolk 
energy consumed. primarily due to the 

highly cariahle g r a ~ i n g  rate of larvae (Table 
4). The  larvae w e i e  provided rotifers at an 
initial concentration of 14-20 rotiferdml, a 
density found adequate for Enginulis mor- 
(/ti Y larvae (Theilacker atid McMaster 1971). 
'The caloric value of the rotifers was estab- 
lished by bomb calorimetry t o  be 
11.6 x calhotifer; an average of three 
samples (mean dry weight = 0.905 Fg). This 
value was slighily higher than that of Thei- 
lacker and McMaster's (1971) value of 8.0 x 

calhotifer, the difference possibly due 
to the greater weights of our egg-bearing 
adult rotifers. The  herring larvae grazed 
nearly all the rotifers within 24 h. When we 
increased the density to over 20 rotifers/ml 
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CATABOLE 
CLORIES CALORIES 

. . CONTROL 
LOW CONC . . HIGH CONE 

I 
YOCK 

I f  

4 

2 

\ '  1, 
0- T 
0 2 

on day 16. they still a te  all that was available 
up to a maximum of 45 rotifers/nil i n  one con- 
tainer. This  indicates that the satiation level 
may never have twen reached during the  ex- 
perimental period. The estimates of energy 
intake were calculated directly from num- 
bers consumed per larva per unit time. 
These estimates, however, may be biased 
because no corrections for assimilation and 
digestive efficienry were included. 

Feeding larvae grew steatlil! and ap- 
pt.artd t o  inc*reast. their assiinilatioti rates 
near th t ,  encl (if' t h v  expr.rinictit (Fig. 1B. 
Table 4). \lrtal)olic. rates also wvrv  inc.reas- 
ing (Fig. 3 )  as inclic.atecl h y  respiration, a 
result of.  amcing ot1it.r things. inc.rt,aseil size 
arid activit!. 

& f j i J r t s  (!/ Bvtiz(>tio 0 1 1  t,'trc,rgj- I ' t i l i z i t i o t i  
i t i  t, 'm/)rj~os t i t i ( /  L ( i r . i . c i ( ~  

TIIV f4ttY.ts (If l~xp"""''' t o  k)t'll%('tlv O I I  vn- 
erg! utilization w e w  clvtt~rniitic~tl b y  (.on- 
trasting t.xpisetl w i t h  (*ontrol c.trit)rlos and 
larvae. Kelativvly lob sul)lt.tlial c.oiic.rntra- 
tions of' Iwtizetie w e n '  ( ~ h o s t ~ n  i n  an attrtiipt 
t o  approxiinate field c~onc~t~trtraticitis arid to 
test for limiting or controlling eff't.c.ts on en- 

.-. CONTROL LOW CONCENTRATION 

-* HIGH CONCENTRATION 
>-a 

ergy utilizatioti i n  sciisitivt. stagrs of  em- c*aiisetl sigttific.atltly dtslayed growth ('l'able 
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Stage Trrd niei i t  

743.951 
177.112 
105.911 

342.325 

3 I i .bI7  

95.245 

427.309 

I .  524.234 

5 i i  .-&03 
1.416.h94 

940.947 

1.018.317 

1,482.543 

928. 744 

1.385.13Y 

: ~ . 9 s x . ~ 9 4  

5). By hatching, 7 days after the initial expo- 
sure, the anabolic differences h t  w e e n  t'x- 
posed and control embryos wrre  insignifi- 
cant. As in  yolk consumption, there w't're no 
significant differences i n  tissue height anti 
growth between exposed and control 
yolk-sac larvae. The effects of benzene ex- 
posure (at these concentrations) would ap- 
pear to  be niinirnal at this stage after hatch- 
ing. 

Feeding post-yolk-sac larvae were ex- 
posed to benzene on day 13. Unt i l  day 17 
exposed larvae ingested more food t han un- 
exposed larvae (Table 4). Corrrsportcling tis- 
sue weights of exposed larvae were hcavier 
during that period but not significantly 
different. However, after day 18, larvae ex- 
posed to low benzene concentration demon- 
strated much higher growth and assiniila- 
tion which proved to be significant (Fig. lB, 
Table 5). 

Catabolic calories were as variablr in  ex- 
posed embryos and larvae as in controls 
(Fig. 2). No significant differences between 

exposed and cwntrol ernhryos anti yolk-sac 
larvae ocwirrtvl except o i i  clay 8, whett 
yolk-sac larvae exposed to the higher con- 
c.entration showed higher catabolism, at 
that time excwditig anal)olisni, and an en- 
vIgy tiet'ic.it. 

k: 111 hryc ) s ex pc )sed t ( ) bc t i  z 1' I le alsc ) showed 
significaiit diffcrc.nc*es i r t  oxvgen coristrrnp- 
t i c i n  from day 1 to  hatc*tiing (Fig. 3;  Tahle 6). 
High henzene c-onc,entratioii caused greater 
( ) u y ge t i  C Y  ) n  si1 m p t io t i  w hile low conce ti t ra- 
t ion causeti tiepresscd c o n s u  niption relat i v r  
to controls. Differences at later larval stages 
were not significant. exwpt toward the end 
of the experiment when c.ontro1 post-yolk- 
sac. larvae appt'arvd to respire more rapidly 
than exposed larvae. 

I ) I  S C U  SS IO N ,. I he  ainoiint ( ~ f  endogenous energy avail- 
able t o  Pacific, tierring embryos anti larvae 
differed considerably froni their Atlantic 
counterparts. Paffenhofer and Rosenthal 
(1968) found the smaller Atlantic. herring 
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TABLE 7.-Percent yolk i i t i l ization r/j iciencj of ten species oJ.f;sh. 

Species  
7c 

effiriency 
State of 

development Reference 

.Micropterus salnioirles 
Salmo salar 
Clupea harengus 
Clupea harerigus 
Clupea pallasi 

Clripea pallasi 
Ilicropterus salmorile.s 
Scrlmo fario 
Etrrinieus micropus 
S n l m o  gainlnprr 
Cnrani  niatr 
A builejZrtf' it bdoni innlr3 
Scrrdinops ruerulro 

35.2 
41.0 
67.8 

50.0 to 74.0 
74.4 

43.9 
44.4 
56.0 
57.9 
60.2 
75.1 
75.3 

77.0 to 79.0 

To hatching 
To hatching 
To hatching 
To hatching 
To hatching 

l o  yolk absorp~ion 
To yolk absorption 
To yolk absorption 
To yolk absorption 
To yolk absorption 
To yolk absorption 
To yolk absorption 
To yolk absorption 

Laurenre 11969) 
Hollett and Hayes (1956) 
Paffenhiifer and Rosenthal (1968) 
Blaxter and Heinpel (1966) 
Eldridge et al. (this study) 

Eldridge et al. (this sfudy) 
Laurence (19691 
Gray (1928) 
Cooney (1973) 
Smith (1957) 
Cooney (1973) 
Cooney (1973) 
Lasker (1962) 

noted in many toxicological experiments 
wherein aninials rec,rivirig sinal1 doses ap- 
peared healthier than controls. Stnytli (1967) 
proposed an explanation in the form of "suf- 
ficient t*halletige." Sttiall chronic doses of a 
toxicant exercise adaptive physiological 
functions which servr in healthy organistiis 
to maintain homeostasis. 111 some itistanc.es 
this adaptive response can be measureti in a 
positive mode. resulting i n  an apparent hen- 
efit to the test organism. 

Y ()I k 11 t ili za t i ( ) I i t5ff'i ci e I i ci e s of C Y  ) t i  t r( )I s 
tlec*lined  het ti iiic~u1)ation period is (wtii- 

pared t o  the entire yoll\-sac period (Table 7). 
I his agrers wi th  tir! weight and nirtabolic* 
i i i t~ast~rt~ti i t~ti ts  i t i  that larval activity anti its 
high nit.tabolic tletiiand r r s u l t r d  i n  ('otivt'r- 
sioti efficieticnirs lower than iti  t.tiibryos. 
I his pattrrti also cwitic.itles b i t l i  B1axtt.r atid 
Ilriiipt,l's (1966) .4tlatitic herring observa- 
tions. I I I  c-oriiparisori to dr~velopriit~tital t.1- 
fi(,itati(,ies i n  other fishes, our results teiid 

towarcl the high e t i d  during incubatioii a i d  
t h e  I O N  c ~ t i c l  tlirougli yo lk  absorptioti (Talde 
7).  .At least during itic.ubatioii tttirxposrd 
Pacific herring wcrt' slightly tiiorc rffic.it.nt 
than Atlantic herring. 

I f  orir considers t h r  early lift. forms as 
"the expressioti of a pattern of p rowss r s  of 
ail ortivrtd systetii of forc.es" ( V o n  Ber- 
talariffy 1950). i t  is tircrssary t o  untlrrstand 
the factors c.otitrolliiig. dirrctiiig. tiiaskitig. 
a titi other wise afftv.t i ng t h r s r  d y I i a i t  1 i (,  s 4 s- 
tems. Hjort (1926) has Ii~pothrsizc~cl  that 
year-class strength is largvly ( l t ~ t t ~ r i i i i i i t v l  t)y 
mortality in the early developtiit.tit~il stagt's. 
I t  therefore follows that aril pott.tttial p i i l -  

lutant which can lit, shown to  a f f ' c ~ . ~  this 

r ,  

r .  

( i k  tiaiiiic systetii has implications for the or- 
gatiisni's survival and ultimately its popula- 
tion. B e  have found that benzene i n  low 
coiiceiitratioris can iiiodify the metabolic 
processes of Pacific herring embryos and 
larvae. It rrniaitis to be deterniineti whether 
the extent of the effect is sufficient t o  dis- 
rupt fatally t h t .  internal '-orderetl systerii." 
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