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The proposed dredging of the Miramichi estuary in New Brunswick 
w i l l  be one of the largest  dredging operations (4.3 m i ] l i on  cubic 
metres) undertaken in the Maritime Provinces of Canada (PHILPOTT 
1978). The disposal of dredge spoi l  in th i s  estuary may have 
negative impacts on important local f i s h e r i e s ,  p a r t i c u l a r l y  the 
herr ing g i l l  net f i shery  of the outer Bay (MESSIEH et a l .  1981). 
The purpose of t h i s  work was to determine the avoidance threshold 
of j uven i le  A t l an t i c  herr ing to a representat ive sample of sediment 
to be dredged and dumped in the Miramichi estuary. 

Also presented are some pre l iminary studies on the sensory cues 
employed by herr ing in avoiding suspended sediment. BLAXTER & 
PARRISH (1959) and BLAXTER & HOLLIDAY (1963) emphasized the 
importance of v is ion  in many aspects of herr ing behavior, par t icu-  
l a r l y  in avoiding nets. 

MATERIALS AND METHODS 

Sediment used in the avoidance/preference experiments was col lected 
from Grand Dune Flats Channel, Buoy #5 in the Miramichi estuary and 
frozen whi ls t  in storage. The sediment was composed of 3.33% 
organic carbon, as determined by the Walkley-Black method (HOLME & 
MclNTYRE 1971). The sediment had a median pa r t i c l e  diameter of 
6.2 ~m and a sor t ing coe f f i c ien t  of 1.52, which indicates a poorly 
sorted sediment. The median pa r t i c l e  diameter and the sor t ing 
coe f f i c i en t  were determined by the procedures out l ined in the IBP 
Handbook #16 (HOLME & MclNTYRE 1971). 

The apparatus used in the experiments was that used previously by 
WILDISH et al .  (1976) and consisted of two interconnect ing arenas 
(A + B) forming a f igure of eight maze. The arena wal ls were 30 cm 
apart and the aperture in the common wal l ,  between the two halves 
of the apparatus, was 10 x I0 cm. Each arena had a separate water 
f low of 3-7 L/min from a common source. Water depth in the arena 
was maintained at 22 cm. Ambient water temperature ranged from 
3-13~ dur ing the experiments. 

Juveni le herr ing were caught in Passamaquoddy Bay, New Brunswick in 
November and acclimated in holding tanks for  I mo before use in 
experiments. An experiment consisted of a control  and treatment 
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tes t .  Fo r ty - f i ve  minutes before experimentat ion, herr ing were 
placed in the maze. Ten herr ing were used in each experiment and 
then discarded. The average length and weight of the herr ing at 
experimentation was 17.3 cm and 24.6 g. Control tests consisted of 
13 observations at 5-min in te rva ls  and sham procedures invo lv ing an 
i n i t i a l  i n jec t ion  of 90 mL of seawater followed by in jec t ions  of 
33.8 mL of seawater at 5-min in te rva ls  in e i ther  side A or B. 

Five control  experiments were conducted which consisted of two con- 
secut ive sets of 13 observations but without treatment in jec t ions .  

To determine avoidance ( - )  or preference (+) responses, exper i -  
mental materials were injected in the same side as the herr ing 
preferred during the control  period, and the change in the number 
of f i sh  in the treatment arena was noted. Observation and 
in jec t ion  schedules followed the same procedure as for  the cont ro l .  
Due to the p o s s i b i l i t y  of chance responses, the di f ference in per- 
centage of f i sh  in the in jected side of the arena during control 
and treatment tests had to be 15% or greater to be considered 
avoidance. 

During the treatment tes t ,  water samples t o t a l l i n g  500 mL were 
taken pe r iod i ca l l y  from A and B sides of the aremi~a. The water 
sample was f i l t e r e d  through a pair  of Mil l ipore~-~matched weight 
f i l t e r s  of 45-~m nominal size and the concentrat ion of suspended 
sediment was calculated from the dry weight of the residue and 
known volume f i l t e r e d .  

Avoidance/preference experiments were conduct~,d to determine the 
ef fect  of: A. untreated sediment; B. Whatman~cel lu lose powder 
CFI1 wi th a mean length of 263 ~m; C. avoidance threshold concen- 
t r a t i ons  of suspended sediment in various l i g h t i n g  condi t ions,  and 
D. sediment a f te r  treatment in a d ia l ys i s  bag with a molecular 
weight cu t -o f f  of 12,000 and submergence in an open, running-water 
system for 25 h. 

The s ign i f icance of di f ferences between control  and treatment tests 
was determined by Students t - t e s t  (OSTLE & MENSING 1975) (90% *, 
95%**, 99.5% *** ,  99.95% **** ,  confidence l i m i t s ) .  

RESULTS AND DISCUSSION 

Preference, non-s ign i f i can t  at 99.95%, was demonstrated for a l l  
control  experiments (Table I )  and showed a mean preference of 8 
with a standard deviat ion of 5. 

In experiment A the herr ing exposed to suspended sediment (Table 2) 
exh ib i ted an avoidance threshold between 9 and 12 mg/L. Above the 
threshold herr ing demonstrated a mean avoidance of 24 and below the 
threshold,  a mean avoidance of 6 with standard deviat ions of 10 and 
16, respect ive ly .  
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TABLE 1. Cont ro l  exper iments  - percentage of  f i s h  present  in  A 
s ide  of  arena du r ing  c o n t r o l  I and c o n t r o l  2 pe r i ods .  

Cont ro l  I • S.E. Cont ro l  2 • S.E. 

% 
Avo id .  - 

S i g n i f .  P re f .  + 

Cont ro l  82 • 3 94 • 2 * *  +12 
Cont ro l  64 • 2 66 • 3 N.S. + 2 
Cont ro l  80 • I 83 • I * + 3 
Cont ro l  72 • 2 83 • 3 * * *  +11 
Contro l  74 • 7 84 • 8 * +10 

TABLE 2. Percentage of  f i s h  present  in  t r ea ted  s ide of  arena 
du r i ng  exper iments .  Treatment w i t h  suspended sediment from Grand 
Dune F l a t s .  

Concen t ra t i on  
du r i ng  t r e a t -  % 

ment t e s t  Avo id .  - 
(mg/L) Contro l  • S.E. Treatment • S.E. S i g n i f .  P re f .  + 

55.3 54 -+ 3 43 + 6 * - 9 
48.6 56 • 5 30 • 5 * * *  -26 
46.3 53 _+ 4 16 • 3 * * * *  -36 
33.8 54 +- 3 45 + 4 * - 8 
29.1 69 + 4 35 + 5 * * * *  -31 
24.6 53 +- 3 27 + 4 * * * *  -26 
21.9 60 • 4 35 • 4 * * * *  -25 
12.0 52 • 6 31 • 5 * * *  -21 
12.0 63 • 5 31 • 4 * * * *  -33 
9.6 88 • 3 87 +- 2 N.S. - 1 
9 .5  46 • 4 45 -+ 6 N.S. - i 
9 .5  77 • 3 52 • 3 * * * *  -25 
7.2 54 + 4 65 -+ 3 * * *  +12 
5.1 50 _+ 5 51 • 5 N.S. + i 
5.0 50 • 5 17 _+ 5 * * * *  -31 
4 .5  67 + 3 60 +_ 3 * - 7 
3.9 58 _+ 5 48 _+ 6 N.S. -10 
2.5 50 • 4 56 • 4 * *  + 6 
2.5 53 • 4 36 • 7 * *  -17 
2.5 61 • 4 50 • 4 * *  -11 
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Figure 1, Time dependence of avoidance response during one 
experiment to a continuous stimulus applied at time zero. 

The time dependency of the behavioral response to suspended 
sediments (Fig. I )  indicates a complex learned response by herring. 

Learning is known to involve both conditioned and unconditioned 
st imul i  to produce the appropriate response. During the 45-min 
acclimation period the herring become fami l iar  with the apparatus: 
a process of learning the layout of the maze and involving one or 
more unconditioned st imuli  inclusive of chemo-, t ac t i l e  and/or 
visual sensory cues. During the control period the f ish 
demonstrate a preference for one side of the maze. The avoidance 
or preference response e l i c i ted  by the addit ion of sediment to the 
preferred side of the maze, which becomes the condit ioning 
stimulus, is charac te r is t i ca l l y  time-dependent, because of chance 
factors and d i f fe ren t ia l  learning speeds of individual f ish .  Thus, 
in Fig. I ,  al l  but 2 of the i0 f ish had learned the avoidance 
response by the end of the 60-min observation period. By al ter ing 
the length of the observation period, the magnitude of the 
avoidance can readi ly be changed. 

Cellulose (experiment B) consists of neutral sol id part ic les with 
no dissolved component. During experiment B, the herring displayed 
an avoidance threshold between 14-16 mg/L. The mean avoidance for 
concentrations above th is  threshold was 26 and below i t  was 6 
(Table 3) with standard deviations of 8 and 11, respect ively.  The 
elevated threshold of avoidance demonstrated during cellulose 
treatments as compared to the suspended sediment treatments (Table 
2) shows that herring exposed to cellulose may be reacting to other 
unconditioned st imuli  besides t ac t i l e  ones. The avoidance by 
herring of dissolved substances has been shown by WILDISH et al. 
(1977) with sodium lignosulphate and humic acid with avoidance 
thresholds of 0.1-0.3 mg/L and 0.1-0.2 mg/L, respect ively.  
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TABLE 3. Percentage of  f i s h  present  in t r ea ted  s ide of  arena 
du r i ng  exper iment .  Treatment w i t h  c e l l u l o s e  p a r t i c l e s  of  263 ~m 
mean l e n g t h ,  

Concentration 
during t reat-  % 

ment test Avoid. - 
(mg/L)  Control • S.E. Treatment • S.E. Signif .  Pref. + 

41.6 72 -+ 4 48 + 6 ***  -25 
39.2 72 + 3 39 + 6 *** -33 
38.3 74 • 5 44 + 3 ****  -30 
33.2 75 -+ 5 41 + 3 ****  -35 
24.4 94 +- 2 53 + 8 ****  -41 
23.4 63 -+ 4 48 + 4 ** -15 
22.4 65 -+ 4 48 + 4 *** -17 
22.3 63 + 4 47 + 4 *** -21 
16.0 72 + 6 53 + 4 *** -19 
14.9 59 + 5 51 + 3 * - 8 
14.0 85 + 3 84 + 3 N.S. - 2 
10.4 77 + 4 83 -+ 4 ** + 5 
i 0 . 0  95 -+ 2 89 • 2 * *  - 6 

9 .8  94 -+ 3 69 -+ 4 * * * *  -25 
7.3 75 -+ 3 68 • 5 N.S. - 7 
5.0 55 -+ 6 43 +- 6 * -12 
4.6 55 -+ 3 70 -+ 4 * * *  +15 
4.2 48 -+ 5 34 -+ 4 * *  -15 

This suggests that leachates from sediments could also be involved 
in avoidance responses. 

BLAXTER (1964) found that 2.9 x 10 -4 lux of white l ight  was the 
threshold for visual perception of a barr ier by herring. The 
herring should therefore be able to see at white l ight  levels of 
4.2 x 10 -1 lux. Yet, the herring in experiment D at this l igh t  
level have a decreased avoidance response with a mean of 11 and 
standard deviation of 3 as compared to a mean avoidance of 20 with 
standard deviation of 3 for l igh t  levels above 4.2 x 10 -1 ]ux 
(Table 4). This suggests that decreased l ight  causes a part ial  
inh ib i t ion of the avoidance behavior. 

Spectral sens i t i v i t y  of herring declines as the wave length of 
ambient l ight  increases from 500 nm (BLAXTER 1964). A masking 
effect is suggested by the extinction of avoidance response during 
a l l  experiments with red l ight  (mean avoidance 3, standard 
deviation 10 (Table 5)) confirming that visual cues are important 
as conditioning st imul i .  
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TABLE 4. Percentage of f ish present in treated side of arena 
during experiments. Treatment with avoidance threshold concen- 
t rat ions of suspended sediment at various white l ight  levels. 

Concentration 
during t reat-  % 
ment test Avoid. - 

Lux (mg/L) Cont ro l •  Treatment• S ig .  Pre f .  + 

107.6 11.7 74 • 2 55 • 3 ****  -19 
96.8 13.1 84 • 2 59 • 5 ****  -25 
75.3 12.6 65 • 3 4Z • 6 *** -22 
64.6 12.3 55 • 3 38 • 6 ** -18 
43.0 9.8 68 • 4 45 • 5 *** -22 
10.5 10.1 63 • 4 48 • 4 ** -15 
0.4 11.2 66 • 4 48 • 4 *** -19 
0.4 12.7 65 • 3 54 • 4 *** -11 
0.4 11.8 67 • 2 57 • 3 *** -11 
0.4 10.7 55 • 3 43 • 6 ** -12 
0.4 10.3 68 • 4 52 • 6 * *  -16 
0.4 9,3 75 • I 67 • 2 * * *  - 8 

TABLE 5. Percentage of f ish present in treated side of arena 
during experiments. Treatment with avoidance threshold concen- 
t rat ions of suspended sediment at various red l ight  levels. 

Concentration 
during t reat-  % 
ment test Avoid. - 

Lux (mg/L) Control• Treatment• Sig. Pref. + 

53.8 9.2 70 • 4 62 • 2 * - 8 
43.0 9.5 62 • 3 55 • 3 ** - 6 
32.3 12.7 62 • 3 52 • 3 *** -10 
21.5 11.1 48 • 2 60 • 3 ** +12 

The removal of dissolved substances by dialysis (experiment D) from 
the Miramichi estuary sediment resulted in a lower avoidance thres- 
hold (less than 4.~ mg/L with average avoidance of 15 and standard 
deviation of 7, Table 6) as compared to experiment A, contrary to 
expectation. The dissolved substances removed had a molecular 
weight smaller than 12,000. The low avoidance threshold with 
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TABLE 6. Percentage of f i sh  present in t rea ted side of arena 
dur ing experiments. Treatment with d ia lyzed sediment with so luble 
organic compounds less than 12,000 molecular weight removed. 

Concentrat ion 
dur ing t r e a t -  % 

ment t es t  Avoid. - 
(mg/L) Control + S.E. Treatment • S.E. S ign i f .  Pref .  + 

13.3 71 • 2 61 • 2 * * *  -10 
12.3 69 • 2 61 • 2 * * *  - 8 
10.2 67 • 4 51 • 6 * -16 

9.8 60 • 4 32 • 4 * * * *  -29 
9.7 58 • 3 49• 3 **  - 9 
9.6 55 • 3 38• 6 * *  -18 
9.1 68 • 4 50 • 6 * * * *  -18 
8.7 58• 3 38 • 6 * * *  -21 
7.9 79 • 4 59• 4 * * *  -21 
7.6 89 • 4 88 • 2 N.S. - I 
7.3 58 • 4 34 • 5 * * * *  -18 
7.1 65 • 2 47 • 2 * * *  -18 
6.4 68 • 3 58• 3 **  -11 
5.3 55 • i 42 • 3 * * * *  -14 
4.8 57 • 2 45 • 3 * * *  -12 

d ia lyzed sediment may be due to the removal of a chemosensory 
masking or bu f fe r ing  agent present before d i a l y s i s .  

Ex t rapo la t ing  our labora tory  resu l ts  to f i e l d  condi t ions is d i f f i -  
c u l t  due to the exper iment -spec i f i c  thresholds of avoidance deter -  
mined by us. However, i t  is c lear  that  j uven i l e  her r ing can learn 
to avoid the suspended sediments which may be dumped in the 
Miramichi estuary.  

REFERENCES 

BLAXTER, d. H. S.: d. Exp. B io l .  41, 155 (1964). 
BLAXTER, ~. H. S., AND F. G. T. H~LIDAY: In: "Advances in Marine 

Biology I " .  F.S. Russell (Ed.) .  Academic Press, London, New 
York (1963). 

BLAXTER, J. H. S., AND B. B. PARRISH: ICES Comparative Fishing 
Committee Paper #16 (1959). 

HOLME, N.A., AND A. D. ~INTYRE (Eds.) :  IBP Handbook #1b, Methods 
f o r  the Study of Marine Benthos. Blackwell  S c i e n t i f i c  
Pub l i ca t i on ,  London (1971). 

MESSIEH, S. N., D. J. WILDISH, AND R. H. PETERSON: Can. Tech. Rep. 
Fish. Aquat. Sci.  (1981). 

313 



OSTLE, B., AND R. W. IvkENSING: Stat is t ics in Research, Iowa State 
University Press, Aries, U.S.A. (1975). 

PHILPOTT, K. L. (Ed.) Miramichi Channel Study. Public Works 
Canada, Niinister of Supply and Services Canada (1978). 

WILk)ISH, D. d., H. AKAGI, AND N. d. POOLE: ICES Fisheries 
Improvement Committee, C.M.1976/E:2b, 8 p. (1976). 

WILDISII, D. J , ,  H. AKAGI, AND N. d. POOLE: Bull. Environ. Contam. 
Toxicol. 18, 521 (1977). 

314 


