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PREFACE 

This report is one component of a project sponsored by the 
federal Departments of Environment and Supply and Services that is 
aimed at assessing the effects of British Columbia’s growing 
aquaculture industry on its marine bird populations. The project 
is comprised of three phases. Phase I reviewed the relevant 
literature, describing the nature of interactions that can occur 
between marine birds and the various types of aquaculture, and 
providing an analytical framework for the subsequent phases (Booth 
and Rueggeberg, 1988). In Phase 11, a computer database and 
geographical information system is being developed to examine the 
overlap between areas of current and potential aquaculture 
development and areas that provide prime marine bird habitat (Booth 
and Rueggeberg, in preparation). Phase I11 consists of two studies 
that examine on-site interactions between birds and aquaculture, 
one dealing with salmon farming and the other with mussel farming. 

This report documents the results of the Phase I11 study 
covering interactions between birds and salmon farms. In response 
to a request from the Wildlife Branch of the B.C. Ministry of 
Environment, the study was extended to deal not only with birds but 
also selected marine mammals and furbearers. 
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SUMMARY 

This report documents the results of a study of interactions 
between wildlife and salmon farms in British Columbia. The 
objective was to determine appropriate planning, management and 
husbandry measures to avoid detrimental impacts of wildlife on 
salmon farms and of salmon farms on wildlife. 

Information on current problems encountered with wildlife and 
the methods used to deal with these problems was collected by 
conducting a survey of B.C. salmon farms in June-August 1988. A 
questionnaire was sent to 87 salmon farming companies that 
requested information on: 

- the occurrence of wildlife around their farms and any changes 
in the frequency of these occurrences as the farms became 
established. 

- the nature of interactions and problems with individual 
species. 

- the measures used to counteract problems, their costs and 
effectiveness. 

- farm or site characteristics that may be factors in creating 
or amplifying these problems. 

Seventy questionnaires covering 73 farm sites were returned by mail 
or filled out in site visits or by telephone. This represents a 
response rate of 62% of the companies, which in turn represents 
approximately 60% of the salmon farms in operation at the time of 
the survey. 

C 
S 

The responses indicated that the 14 wildlife species/groups 
overed in the questionnaire occur around the majority of the farm 
ites. Relatively few respondents, however, indicated whether the 
frequencies of occurrence had increased or decreased since farms 
had been established; hence, it was not possible to detect whether 
the farms were displacing wildlife from these areas. 

Only a proportion of farms that reported the presence of a 
wildlife species or group experienced problems with that species/ 
group. River otter, seals, mink, sea lions and Great Blue Herons 
were cited most frequently; over 50% of respondents reported 
problems with each of these species. 

Predation was the most commonly cited problem in the survey, 
especially by river otter and seals. However, the number of farms 
reporting actual losses of fish was less than the number that 
stated that they experienced predation problems, suggesting that 
some operators considered predators a problem on the basis of 
potential rather than actual predation or on the basis of stress 
caused by the presence of these predators. On the other hand, the 
percentages of farms that lost fish to various predators were the 
same as or greater than those who rated predation as a severe 
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problem, suggesting that some operators view predation as a minor 
problem even though they experience some losses. 

Total losses to predation by all wildlife for the year prior 
to the survey were in the order of 105,000 fish, with seals and . 
otter accounting for 58,000 and 30,600 respectively. In addition, 
some 44,000 fish were lost through holes in netpens created by 
seals, sea lions or river otter. Extrapolating these results to 
the rest of the salmon farming industry, total wildlife-related 
losses over the last year could be 147,000 to predation and 61,600 
to escapement. These figures represent about 1.5% of the 14 
million fish stocked in 1987. In addition, 8 farms reported 
equipment damage caused by wildlife (primarily otter and mink) 
collectively costing $21,785.00. 

Entanglement of mammals was an uncommon occurrence on the 
farms surveyed. Most entanglement involved birds, particularly 
Great Blue Herons, Belted Kingfishers and diving ducks. Mortalities 
due to entanglement could not be estimated from the survey data, 
but based on discussions with operators, mortality rates were low. 

A number of farm characteristics were considered as potential 
factors in problems with wildlife, including farm size, age and 
netpen structure, the size and species of salmon raised, proximity 
to colonies or concentrations of wildlife, site management 
practices, and the size and colour of mesh used in predator nets. 
On the basis of these factors, the empirical results of the survey 
and discussions with farm operators, a number of recommendations 
for reducing negative interactions with wildlife are made. 

* The location of seal and sea lion rookeries, haulouts and 
winterinq sites and marine bird colonies or concentrations 
should be taken into account in the planning and approval of 
farm sites. 

* Anti-predation methods should be considered first as 
preventive measures and only secondarily as cures to problems 
once they have already arisen. Exclusion measures such as 
predator nets, top nets and electric fences should be . 
installed from the start of farming operations, preventing 
potential predators from developing predatory behaviour 
patterns around the farm. 

* Predator prevention methods require regular monitoring, 
maintenance and a commitment of time and money resources to 
keep them in good operating condition. 

* Good husbandry techniques taken in the interests of the health 
of farm fish are also good predator prevention measures. 
Storing feed in sealed bins or in sheds and frequent removal 
of dead fish from netpens will reduce the attractiveness of 
a site to predators. 
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Bag n e t s  and double  bottomed n e t s  p rov ide  t h e  most e f fec t ive  
p r o t e c t i o n  a g a i n s t  seals  and sea l  l i o n s .  Seal bombs and 
shoo t ing  appea r  t o  be effect ive i f  u sed  b e f o r e  t he  an ima l s  
have developed  a permanent i n t e r e s t  i n  t he  s i te .  Underwater 
a c o u s t i c s  may i n i t i a l l y  be effect ive,  b u t  there  i s  ev idence  
t h a t  t h e i r  e f f e c t i v e n e s s  d imin i shes  a f t e r  2-3 y e a r s  o f  u s e .  

Top n e t s  o r  a combinat ion o f  t o p  n e t s  and jump n e t s  are  
effect ive d e t e r r e n t s  t o  r iver  o t t e r  and mink. E lec t r ic  f e n c e s  
are  a l s o  ve ry  u s e f u l  i f  p r o p e r l y  i n s t a l l e d  and ma in ta ined .  

Top n e t s  o r  s imi l a r  overhead s t r u c t u r e s  are  the  most impor t an t  
method f o r  p r e v e n t i n g  p r e d a t i o n  by a e r i a l  b i rds .  They shou ld  
be made o f  3" mesh o r  smaller and shou ld  be kept t a u t  and w e l l  
above t h e  water  s u r f a c e  (>1 m ) .  B r i g h t l y  co lou red  t o p  n e t s  
are more v i s ib l e  t o  b i rds  and  r educe  en tanglement  problems.  
Overhead wires, tw ine  o r  r o p e s  w i t h  a spac ing  o f  abou t  0 .5-1  
m are probably  s u f f i c i e n t  t o  p r o t e c t  penned f i s h  from eagles, 
o sp rey  o r  o t h e r  b i rds  o f  p r e y .  

U n d e r w a t e r  p r e d a t o r  n e t s  are t h e  most effect ive means of 
p r e v e n t i n g  p r e d a t i o n  o r  s l a s h i n g  o f  penned s t o c k  by  d i v i n g  
b i rds .  A mesh s i z e  o f  less t h a n  4 "  i s  recommended t o  avo id  
en tanglement .  
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RBSUMB 

Vous trouverez dans le rapport les conclusions d'un sondage 
sur l'interaction entre la faune et les piscifactures de saumon 
en Columbie-Britannique. Cette etude a btQ menbe dans le but de 
determiner les mesures de planification, de gestion et d'Qlevage 
permettant d'Qviter que la faune ne nuise aux piscifactures de 
saumon et vice versa. 

Les donnees sur les probldmes occasionnbs par la faune et 
sur les methodes employees pour les pallier ont 6th recueillies 
du mois de juin au mois d'aoiit 1988 dans la cadre d'un sondage 
men6 auprhs des pisciculteurs de la Colombie-Britannique. 
Quatre-vingt-sept piscifactures de saumon ont et& priees de 
repondre h un questionnaire qui portait notamment sur les points 
suivants: 

- la presence de la faune h proximite des piscifactures 
et tout changement note A cet bgard lors de 
l'ktablissement des piscifactures. 

- la nature des rapports entre la faune et les 
piscifactures et les problhmes causes p a r  les 
differentes esphces. 

- les mesures adoptees pour contrer les problhmes, leur 
coQt et leur efficacite. 

- les particularites des piscifactures ou de leur 
emplacement qui peuvent avoir crQB les problhmes ou les 
avoir exacerbbs. 

Soixante-dix questionnaires, portant sur un total de 7 3  
piscifactures, ont et& retournes par la poste ou ont QtQ remplis 
au telephone ou h l'occasion de visites de piscifactures. 
Soixante-deux pour  cent des entreprises, ce qui Qquivaut A 60 
pour cent de l'ensemble des piscifactures en exploitation au 
moment du sondage, ont repondu au questionnaire. 

L'analyse des reponses recueillies revdle la presence de 14 
especes animales aux environs de la majorit4 des entreprises 
piscicoles. Relativement peu de pisciculteurs ont cependant 
indique si la presence de ces especes animales s'Qtait accrue ou 
avait diminue depuis l'implantation des piscifactures. Ainsi, il 
est impossible de determiner si l'btablissement des entreprises a 
occasionne le dkplacement de la faune. 

Seul un certain nombre de piscifactures ayant signal6 la 
presence d'espdces animales ou de groupes d'animaux ont connu des 
difficult& avec ces animaux. La loutre commune, le phoque, le 
vison, l'otarie et le grand heron ont Qte les plus frQquemment 
mentionnes; plus de 50 pour cent des personnes interrogees ont 
signale des problhmes avec chacune de ces esphces. 
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La predation, particulihrement d e  la part des loutres 
communes et des phoques, est le plus frequent d e s  problhmes 
mentionnes. Toutefois, le nombre de piscifactures qui signalent 
des pertes rbelles est inferieur au nombre de celles qui ont 
indique des problhmes, ce qui laisse supposer que certains 
exploitants se fondaient sur les possibilit&s d e  pertes plut6t 
que les pertes reelles ou sur le stress cause par la pr6sence de 
ces predateurs pour signaler des problhmes de prbdateurs. 
D'autre part, le pourcentage de piscifactures qui ont perdu d u  
Poisson A cause de la presence de prbdateurs correspond ou est 
supbrieur au pourcentage d'exploitants qui ont fait &tat de 
graves problbmes de prbdation, ce qui laisse supposer que 
certains pisciculteurs estiment que la predation est un probldme 
mineur, mQme s'ils ont accuse certaines pertes. 

Les pertes totales par predation Qtaient de l'ordre de 
105,000 poissons au cours de l'annee qui a prbcbdb le sondage, 
les phoques et les loutres ayant cause des pertes de 58,000 et de 
30,600 poissons, respectivement. En outre, quelque 40,000 
poissons se sont echappbs par les brhches que les phoques, les 
otaries et les loutres communes ont faites dans les filets. Si 
l'on extrapole h partir de ces donnkes, le total des pertes li4es 
b la presence de la faune au cours de la dernihre annbe serait de 
147,000, dans le cas de poissons perdus par prbdation, et de 
61,000, dans le cas des poissons bchappbs. Cela outre, 8 
piscifactures ont signalb des dommages causbs h l'bquipement par 
les animaux sauvages (surtout les loutres et les visons). Le 
montant des dommages etait de 21 7 8 5  $ .  

I1 etait rare que les mammifhres s'empgtraient dans les 
filets des piscifactures qui ont repondu au sondage. Dans la 
plupart des cas signalbs. I1 s'agissait d'oiseaux, notamment des 
grands herons, des martins-pgcheurs d'Ambrique et des canards 
plongeurs. Les donnbes recueillies n'ont pas permis de 
determiner le nombre d'animaux qui ont succombe. Par contre, les 
discussions avec les pisciculteurs nous ont permis de deduire que 
leur pourcentage etait faible. 

Un certain nombre de caracteristiques des piscifactures 
pouvaient Qtre h la source des problhmes de cohabitation avec la 
faune: taille et Eige des exploitations, structure des enclos, 
taille et espbces de saumon blevbes, proximite des colonies ou 
groupements d'animaux sauvages, methodes de gestion des lieux, et 
grosseur et couleur des mailles du filet. Compte tenu de ces 
facteurs, des rbsultats de sondage et des discussions avec les 
exploitants, un certain nombre de recommendations visant A mieux 
harmoniser la cohabitation avec la faune sont formulbes. 

* I1 faut tenir compte de l'emplacement des colonies, des 
echoueries et des zones d'hivernage des phoques et des 
otaries, ainsi que des colonies d'oiseaux, lors du 



x i i i  

* Les methodes de lutte contre la predation doivent 
d'abord Qtre envisagees comme mesures prbventives 
plutot que comme mesures palliatives adoptbes une fois 
le probleme apparu. Les bquipements tels les filets 
anti-predateurs, les filets suspendus et les clBtures 
blectriques devraient gtre installbs au debut des 
operations, ce qui permetraient d'empgcher les animaux 
de deevelopper des comportements de predation face aux 
piscifactures. 

* I1 faut regulihrement verifier les dispositifs de lutte 
centre les predateurs, les entretenir, et y consacrer 
le temps et l'argent n6cessaires pour les garder en bon 
btat. 

* L'emploi de bonnes techniques d'elevage adoptbes pour 
protbger la sante du poisson permet Qgalement 
d'eloigner les prbdateurs. On pourra rbduire l'attrait 
des piscifactures en entreposant la nourriture dans 
des contenants scelles ou des remises et en retirant 
frbquemment des enclos les poissons morts. 

* Les seines et l e s  filets a double fond offrent la 
meilleure protection possible contre les phoques et 
les otaries. L'utilisation de bombes spbciales concues 
pour eloigner les phoques et le tir semblent efficaces 
si on y a recours avant que les animaux ne developpent 
un intbrgt permanent pour la piscifacture. Les signaux 
acoustiques sous-marins sont efficaces au depart, mais 
leur efficacite diminue apres deux ou trois ans 
d 'usage. 

* Les filets suspendus ou une combinaison de filets 
suspendus et de cl6tures en mailles bordant les 
passerelles sont efficaces pour contrer les loutres 
communes et les visons. Les clatures sont egalement 
trhs utiles si elles sont bien installees et 
entretenues. 

* Les filets suspendus ou autres dispositifs similaires 
constituent la principale mesure de prevention contre 
les oiseaux. Les mailles doivent Qtre de trois pouces 
ou moins et le filet doit Qtre bien tendu et place bien 
au-dessus de la surface de l'eau (plus d'un mhtre). 
Les filets suspendus de couleur vive sont plus 
facilement vus par les oiseaux, ce qui reduit les 
risques que les oiseaux s'empetrent dans les filets. 
Les fils, ficelles ou cordes suspendus suffisent 
probablement, s'ils sont places de 0,5 A 1 metre 
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d'intervalle, pour protbger le p o i v s o n  c o n t r e  l e s  
attaques d e s  algles, d e s  a lg l e s -p6cheur s  et, d e s  a u t r e s  
oiseaux de proie. 

* Les filets sous-marins constituent le meilleur moyen d e  
protdger les poissons contre les oiseaux plongeurs. I 1  
est recommand6 d'employer un filet dont les mailles 
sont de moins de 4 PO, pour 6viter que les oiseaux ne 
s'empgtrent dans le filet. 
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1. INTRODUCTION 

1.1 Purpose 

This study addresses concerns arising from interactions 
between wildlife and salmon farming in British Columbia, many of 
which are detrimental to wildlife, salmon farms, or both. The 
specific objectives of the study are: 

1) to gather information on the nature and extent of interactions 
between wildlife and salmon farms and the problems that these 
interactions create. 

2)  to assess the effectiveness of methods used by salmon farmers 
in avoiding, reducing or eliminating problems with wildlife. 

3) to identify factors that reduce or, conversely, contribute to 
negative interactions between wildlife and salmon farms. 

4) to make recommendations as to appropriate planning, management 
and husbandry measures for avoiding or alleviating problems 
with wildlife. 

1.2 Salmon Farming in B . C .  

The number of operating salmon farms in B.C. has grown from 
10 in 1984 to 121 in 1988 (Figure 1-1). A s  of May 1988, an 
additional 53 farms had been approved, 147 applications for farm 
sites were under consideration and 157 permits to investigate 
potential sites for fish farms had been issued (B.C. Ministry of 
Agriculture and Fisheries, 1988; B.C. Ministry of Forests and 
Lands, 1988). Total production in 1987 was about 850 tonnes, over 
double the 1986 production level of 397 tonnes; 1988 production 
levels are expected to be about 5000 tonnes. Production is expected 
to reach 15,000 tonnes by 1990 (Deegan, 1988). 

Salmon farms now occupy some 940 ha of Crown land and 
foreshore area, a 232% increase in land use since 1986. The 
Sechelt Peninsula-Sunshine Coast region was initially the major 
area of development, but with increasing farm density and conflicts 
with other coastal resource users, attention has since shifted to 
Vancouver Island and more northern parts of the B.C. coast. 

1.3 E f f e c t s  of Wildlife on Salmon Farms 

There is a strong tendency for wildlife and salmon farming to 
overlap in their use of coastal resources. Salmon farms are 
typically established in sheltered coastal areas that are subject 
to good current flows and stable temperature and salinity regimes. 
These same areas tend to be environmentally productive and 
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W i l d l i f e  may a l s o  damage equipment b y  t e a r i n g ,  b i t i n g  o r  
chewing th rough  n e t s .  The c o s t s  f o r  r e p a i r i n g  t h i s  equipment may 
be r e l a t i v e l y  small, b u t  l o s s  of  f i s h  e scap ing  through h o l e s  i n  
ne tpens  can be s i g n i f i c a n t .  F i n a l l y ,  w i l d l i f e  can a l s o  be a 
nu i sance  around t h e  s i t e  b y  b reak ing  i n t o  f i s h  feed bags o r  
d e f e c a t i n g  on farm s t r u c t u r e s .  

1 . 4  Effects of Salmon Farms on Wildlife 

F i s h  farmers a t t empt  t o  deal w i t h  problem w i l d l i f e  i n  three 
ways (Ross,  1 9 8 8 ) :  

a )  b y  u s i n g  s t r u c t u r e s  t h a t  form v i s u a l  o r  p h y s i c a l  b a r r i e r s  
between p r e d a t o r s  and caged f i s h ;  e . g . ,  underwater  p r e d a t o r  
n e t s  and t o p  n e t s .  

b) b y  u s i n g  v i s u a l  o r  a u d i t o r y  d e t e r r e n t s  o r  o t h e r  forms of  
harassment  t o  d i scourage  w i l d l i f e  from coming n e a r  farms; 
e .g .  , dogs, chas ing ,  sea l  bombs, underwater  a c o u s t i c s .  

b y  removing p r e d a t o r s  th rough s h o o t i n g  o r  t r a p p i n g .  

These measures can t a k e  a t o l l  on l o c a l  w i l d l i f e  p o p u l a t i o n s .  
E f f o r t s  t o  get r i d  of  p r e d a t o r s  o r  nu isance  w i l d l i f e  can 
s i g n i f i c a n t l y  reduce  l o c a l  w i l d l i f e  p o p u l a t i o n s .  Also,  an imals  
and birds  may become e n t a n g l e d  i n  a n t i - p r e d a t o r  n e t s  and s u f f e r  
i n j u r i e s  o r  death.  T h i s  i s  d e t r i m e n t a l  no t  on ly  t o  w i l d l i f e  b u t  
a l s o  t o  f i s h  farms as entanglement  compounds n e t  f o u l i n g  problems. 

Deal ing  w i t h  p r e d a t o r s ,  however, poses  economic, l e g a l  and 
e th ica l  problems. Cons iderable  t i m e ,  e f f o r t  and money can be s p e n t  
on c o u n t e r a c t i n g  p r e d a t o r  problems because inadequate  p r o t e c t i o n  
from p r e d a t i o n  o r  from o t h e r  effects of  w i l d l i f e  can lead t o  
s u b s t a n t i a l  l o s s e s .  A t  t he  same t i m e ,  there are laws i n  p l a c e  t o  
r e g u l a t e  and p r o t e c t  w i l d l i f e  from be ing  s h o t ,  t r a p p e d  o r  ha ras sed .  
Furthermore,  t h e r e  i s  growing p u b l i c  o p p o s i t i o n  t o  what may appear  
t o  be i n d i s c r i m i n a t e  u s e  of  d e s t r u c t i v e  p r e d a t o r  c o n t r o l  measures.  

A f i n a l  concern i s  t h a t  r a p i d l y  expanding a q u a c u l t u r e  
development may d i s p l a c e  w i l d l i f e  from prime h a b i t a t .  Many of  t he  
environmental  character is t ics  t h a t  are f avourab le  f o r  salmon 
farming are a l s o  ones t h a t  p rov ide  food and shel ter  t o  mammals and 
birds  t h a t  i n h a b i t  c o a s t a l  areas. The d isp lacement  q u e s t i o n ,  
however, i s  d i f f i c u l t  t o  address wi thout  de ta i led  r e c o r d s  o f  
w i l d l i f e  numbers and d i s t r i b u t i o n  b o t h  b e f o r e  and a f t e r  a q u a c u l t u r e  
development. 



4 

1.5 Organization of this Report 

Chapter 2 describes the methods (a qi estionnaire s ey) used 
in the study. Chapter 3 discusses results that are general to all 
wildlife species covered. Chapters 4 to 7 then present and analyze 
the results as they apply to four main wildlife groups: marine 
mammals (seals and sea lions), furbearers (river otter and mink), 
aerial birds and diving birds. Topics covered for each of these 
groups include: 

- distribution and feeding habits in B.C. 
- frequency of occurrence around the farms surveyed. 
- problems encountered.at the farms with these species/groups. 
- methods used to counter the problems. 
- comparison with problems and methods used elsewhere to deal 

with similar species. 

The final chapter summarizes the conclusions and recommendations 
resulting from the study. 
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2. METHODS 

2.1 Questionnaire 

A questionnaire (Appendix 1) was designed to gather 
information on: 

i) the occurrence of wildlife species around salmon farms. 

ii) the nature of interactions with wildlife, whether the 
interactions are a problem to farm operation, and if so, the 
magnitude of the problem from the perspective of the operator. 

iii) the measures and equipment used to counteract problems with 
wildlife and whether the respondents feel they are effective. 

iv) the costs of problems associated with wildlife and of measures 
used to avoid or mitigate them. 

v) site characteristics (location, size, age, etc.) that may be 
factors in problems with wildlife. 

Copies of the questionnaire were mailed to 87  salmon farming 
companies, most of which were members of the B.C. Salmon Farmers 
Association. The questionnaire was accompanied by a covering 
letter explaining the purpose of the project and assuring 
confidentiality. Three to four weeks after mail-out, company 
offices and/or farm sites were contacted by phone to ensure that 
the questionnaire had been received and was understood. In a few 
cases, the questionnaire was filled out over the telephone. 
Finally, farm sites were visited and questionnaires filled out in 
person if the site had a particularly serious or interesting 
problem or method of dealing with wildlife-related problems, the 
site was relatively accessible and the company agreed. 

2.2 Topics Covered 

2.2.1 Characteristics of farms 

Respondents were asked to indicate the name of the company, 
location of operation, and number of years the respondent had 
worked in salmon farming and on the site. Certain characteristics 
of fish farms may influence the attractiveness of a site to 
wildlife, the ease with which salmon stocks can be protected, and 
the level of interactions that may result. Accordingly, 
information on the age of the farm site, the number and total 
volume of net pens, the species and year classes of salmon raised 
(indicating major and minor species on the basis of numbers of fish 
of each species) was requested. Additional information obtained 
during site visits included the types and sizes of net pens, 
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biophysical characteristics of the sites and the location of 
netpens relative to other farm facilities and the shoreline. 

2.2.2 Occurrence of wildlife 

The questionnaire presented 14 mammal and bird species or 
species groups (Table 2-1). Farm operators were asked to record 
whether they saw these species/groups in each season on the 
following basis: 

- regularly (every day). 
- frequently (2-6 times per week). 
- occasionally (less than once per week) 
- never. 

They were also asked if the frequency of occurrence had changed 
for any of the species/groups since the farm was established or 
over the course of their observations. This question was an attempt 
to determine whether farms were attracting animals to the site 
(frequency of occurrence would increase) or displacing animals from 
their natural habitat (frequency of occurrence would decline). 

2.2.3 Problems with wildlife 

Five categories of wildlife-related problems were listed in 
the questionnaire: 

- predation; 
- damage to nets; 
- entanglement and drowning in nets; 
- getting into fish feed; 
- other problems. 

Operators were asked to indicate which categories of problems were 
encountered on their farm with each wildlife species/group, and to 
indicate the severity (high or low) of the problem. They were also 
asked to record the number of fish lost during the last year to 
predation and through equipment damage, and the costs associated 
with damaged equipment. For predation problems, they were asked 
to indicate the size of fish taken and the time of day of attacks 
for each predator species/group. 

2.2.4 Methods for dealing with problems 

Fifteen methods for preventing or eliminating wildlife-related 
problems were presented in the questionnaire. The methods were 
matched to 6 categories of wildlife: seals, sea lions, river otter 
and mink, raccoon, aerial birds, and diving birds. Respondents were 
asked to indicate which methods they used to deal with problems 
(primarily predation) associated with each category of wildlife, 
and to rate the effectiveness of that method in preventing or 
stopping predation by that category of predator. The rating 
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MAMMALS : 

Seals (Harbour) 
Sealions (Steller and California) 
River otter 
Mink 
Raccoon 

BIRDS : 

Great Blue Heron 
Belted Kingfisher 
Bald Eagle 
Gulls (Glaucous-winged, 

Herring, Bonaparte's) 
Cormorants (esp. Double-crested, 

Brandt's) 
Grebes (esp. Western) 
Loons (esp. Common, Arctic) 
Diving ducks (Scaup, Scoters, 

Dabbling ducks (Mallard, Teal, 

Alcids (Murre, Murrelets, Auklets) 

Goldeneye, Bufflehead, etc.) 

Widgeon, Shoveller, etc.) 

Phoca vitulina 
Eumetopias jubatus, Zalophus californianus 
Lutra canadensis 
Mustela vison 
Procyon lotor 

Ardea herodias 
Megaceryle alcyon 
Haliaeetuss leucocephalus 
Larus sp. (L.glaucescens, 
L. argentatus, Lphiladelphia ) 

Phalacrocorax sp. ( P.auritus, 
P.penicillatus ) 

Aechmophorus occidentalis 
Gavia sp. ( G.immer, G.arctica ) 
Aythyinae fam. 

Anatinae fam. 

Alcidae fam. 

!able 2-1: M a m m a l  and b i r d  s p e c i e s / g r o u p s  cove red  i n  t he  su rvey  

c a t e g o r i e s  were: 

High - problem e l i m i n a t e d ;  
Medium - s u c c e s s f u l  i n  r e d u c i n g  b u t  d id  n o t  comple te ly  

Low - l imi t ed  s u c c e s s  i n  r educ ing  problem; 
None - no effect .  

e l i m i n a t e  problem; 

Where a respondent  r e p o r t e d  u s i n g  a method b u t  d id  n o t  i n d i c a t e  a 
r a t i n g ,  t h e  l a t t e r  was r e c o r d e d  as "no t  s ta ted" .  Space was a l s o  
p rov ided  f o r  r e sponden t s  t o  comment on methods n o t  c o n t a i n e d  i n  
t h e  l i s t  g i v e n  i n  t h e  q u e s t i o n n a i r e .  Where n e t s  were used  as a 
p r e d a t i o n  p r e v e n t i o n  measure,  r e sponden t s  were asked  t o  i n d i c a t e  
t he  mesh s i z e ,  gauge, c o l o u r  and mater ia l .  F i n a l l y ,  r e sponden t s  
w e r e  asked how much t h e y  would be w i l l i n g  t o  pay f o r  an  effect ive 
w i l d l i f e  p r o t e c t i o n  method and what p e r c e n t  o f  t h e  g r o s s  annual  
sales o f  t h e  farm t h a t  amount r e p r e s e n t e d .  

2.3 Data Organization and Storage 

The i n f o r m a t i o n  from t h e  r e t u r n e d  q u e s t i o n n a i r e s  was e n t e r e d  
i n t o  a computer database which p rov ided  ready  data  s t o r a g e ,  
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retrieval and analysis. To ensure confidentiality, response 
information was identified only on the basis of the identification 
number allocated to each returned questionnaire. 
For the purposes of data organization and to allow for assessing 
regional differences in problems and methods, the responses were 
categorized and given an identification number on the basis of 4 
regions (Figure 3-1) : 

1) Sechelt Peninsula and Sunshine Coast. 
2) southern Vancouver Island. 
3) northeastern Vancouver Island and northern mainland 

4 )  northwestern Vancouver Island. 
coast. 
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3. GENERAL RESULTS 

3.1 Response to Questionnaire 

A total of 7 0  questionnaires covering 7 3  farm sites were 
received from 54 (62%) of the 87  companies to which they sent 
(Figure 3-1). This represents 42% of all sites that were approved 
as of May 1988,  and probably greater than 50% of all operating 
farms at the time of the survey. However, sample sizes (n) for the 
topics covered in the survey vary from the total number of farm 
sites ( 7 3 )  for several reasons: not all questions were answered by 
all respondents; several sites that are managed by one company and 
are in the same vicinity were treated as one site for certain 
topics covered by the questionnaire; or some information was 
obtained only from site visits and not from mailed-in responses. 

2 6  Of the 7 0  questionnaires, 40 were completed from site visits, 
from mailed-in responses and 7 by telephone. 

0 

Figure 3-1: Regional coverage of salmon farm sites surveyed. 
Numbers in parentheses indicate the number of sites covered in 
that region. 
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3.2 Profile of Salmon Farms Surveyed 

3.2.1 Experience of respondents 

H a l f  o f  t h e  r e sponden t s  had 
worked on salmon farms f o r  less t h a n  
2 y e a r s ,  and on ly  5 4 %  had worked on 
their  p a r t i c u l a r  farm s i t e  f o r  more 
t h a n  1 y e a r  ( F i g u r e  3 - 2 ) .  These 
character is t ics  reflect  t h e  y o u t h o f  
t h e  salmon farming i n d u s t r y  i n  B.C.  
They a l s o  i n d i c a t e  t h a t  f e w  of  t h e  
r e sponden t s  t o  t h e  survey  had long- 
t e r m e x p e r i e n c e  w i t h w i l d l i f e  around 
t h e i r  farms. 

3.2.2 Characteristics of farms 

Age: The median age o f  f i s h  farms 
surveyed w a s  2 y e a r s  o l d  (F igu re  3- 
3 )  Farms i n  t he  Sechelt area 
t ended  t o  be o l d e r  t h a n  t h o s e  on 
Vancouver I s l a n d .  

1 ,  EO%,-.. ............................................................... 

40% 

................................... 

0-1 V-2 d-3 p3-4 )46 >6 
Year3 worked 

on farm W on stte 

Figure 3-2: Work e x p e r i e n c e  
o f  r e sponden t s  (n=73) 

Size: Most farm sites c o n s i s t e d  of  10-20  ne tpens ;  t h e  mean was 
18.7 p e n s / s i t e  ( F i g u r e  3-4). T o t a l  pen volume pe5 farm s i t e  
averaged 35,933 m ;  most s i tes were less t h a n  6 0 , 0 0 0  m ( F i g u r e  3- 
5 ) .  

Netpen characteristics: Most farms surveyed used  pens  t h a t  w e r e  
750-3500 m3 i n  s i z e ;  10-15 m on each side and 6-15 m deep. Four 
t y p e s  o f  ne tpen  c o n s t r u c t i o n  were i d e n t i f i e d  ( F i g u r e  3 -6 ) .  
Galvanized steel  pens  o c c u r r e d  most f r e q u e n t l y  as  t h e  main t y p e  i n  
u s e .  However, many farms had more t h a n  one t y p e  i n  o p e r a t i o n ,  and 
wooden pens  and c i r c u l a r  PVC pens  ( " p o l a r  circles") were used  most 
f r e q u e n t l y  as  secondary t y p e s .  Most wooden o r  s teel  pen systems 
had 0 .5 -1  m w i d e  walkways around t h e  p e r i p h e r y  o f  each  pen o r  
series o f  pens,  w h i l e  PVC pens u s u a l l y  had no walkways. I n  a l l  
cases, t h e  ne tpens  were suspended from u p r i g h t s  o r  s t a n c h i o n s  t h a t  
r o s e  0.75-1 m above t h e  s u r f a c e  of  the  water. 

Fish stock characteristics: Chinook salmon w a s  ra ised as t h e  major 
c r o p  on 73% of  t h e  farms surveyed;  23% raised Coho, and 4% raised 
A t l a n t i c  salmon o r  Steelhead (Rainbow t r o u t )  as major c r o p s .  Coho 
and Steelhead were t h e  favoured  s p e c i e s  f o r  minor c r o p s  ( F i g u r e  3- 
7 )  Year class i s  an i n d i c a t o r  of  t h e  s i z e  o f  f i s h  p r e s e n t  on 
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'igure 3-3: Age  o f  farm s i tes  
s u r v e y e d  (n=73) 
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Figure 3-4: Number of  netpens 
a t  s i tes  s u r v e y e d  (n=69) 
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F i g u r e  3-6: Main t y p e s  o f  
n e t p e n s  u s e d  a t  s i tes  s u r v e y e d  
(n=41) 
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the site'. The majority of fish were 1986, 1987 and 1988 stock 
(Figure 3-8). On average, 1988 stock were less than 500 9, 1987 
stock were 1-2 kg, and 1986 stock were 2-5 kg. Fish of 1984 or 
1985 year class were often 10 kg 
exclusively as broodstock. 

and over, and were held almost 

.............................................................................. I 
6 0% ..................................................................................... 

% 40% ..................................................................................... 

.................................................. 

O% Coho chinook Atlantic Steelhead 

Major species Minor species 

I 

Figure 3-7: Salmon species 
raised at sites surveyed 
(n=69) 

m coho a l n o b  

0 Atlantic Steelhead 

Figure 3-8: Year classes of 
salmon raised at sites sur- 
veyed (n=69) 

3 . 2 . 3  Comparison with other countries 

Chapters 4-7 draw comparisons between wildlife-related 
problems that are experienced in B.C. with those in other 
countries. Some of the differences in problems may be related to 
differences in characteristics of salmon farms such as the age of 
the industry, the size and configuration of sites, the species 
raised, and stocking densities. 

Salmon farming has a longer history in Norway and Scotland, 
where it began on an experimental basis in the 1960's. With most 
techniques worked out by the late 1970's the industry rapidly grew 
in both countries. There are currently some 750 salmon farms in 
Norway that produced an estimated 74,000 tonnes in 1988 
(Chettleburgh, 1988) . Scotland has 113 companies operating 157 
sites that produced about 16,000 tonnes in 1987 (Institute of 
Aquaculture, 1988). By comparison, B.C. produced about 5000 tonnes 
in 1988. 

Farm sites tend to be smaller in Norway and Scotland than in 
B.C. In Norway, farms are restricted under legislation to a 

. 

Year class was defined as the year that the fish were 
transferred to salt water. 
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maximum total pen volume of 8000 m3, substantially smaller than the 
farms surveyed here which averaged 36,000 m3. There are no 
restrictions on the Scottish mainland, but there are tonnage limits 
to salmon farms in the Western Isles (50 t) and Shetland Islands 
(100 t). Although 69% of sites in Scotland produce less than 50 
tonnes/year, most of the national production comes from sites 
producing over 1000 tonnes/year. 

There are also differences in farm constructio?. In Scotland, 
netpens are typically much smaller (averaging 250 m )  and shallower 
than the netpens used by farms surveyed in B.C. While most farms 
surveyed in B.C. suspended netpens from stanchions that were 0 .75-  
1 m high, in Scotland, netpens are often suspended directly from 
the walkway such that the tops of the netpens are less than 0.5m 
above the surface of the water. "Polar circle" pens dominate the 
salmon farm industry in Norway (Institute of Aquaculture, 1988) 
but are less common in B.C. and Scotland. 

Norwegian salmon farms operate at stocking densities of 10-1: 
kg/m3 (Chettleburgh, 1988), considerably greater than the 4-8 kg/m 
practised in B.C. (B.C. Ministry of Agriculture and Fisheries, 
1988). This is partially in response to restrictions in farm size 
and partially due to differences in salmon species that are raised. 
Norway and Scotland raise Atlantic salmon exclusively, whereas 
Atlantic salmon are a minor crop in B.C. compared to Pacific 
species. Atlantic stocks are less stressed by high density 
conditions than are Pacific stocks, due to differences in species 
characteristics as well as their longer history of domestication. 

3 . 3  Frequency of Occurrence of Wildl i fe  

Almost all farms reported the occurrence of the 14 wildlife 
species/groups listed in the questionnaire. However, relatively 
few indicated whether the frequencies of these occurrences have 
changed since the farms were established. For example, of the 63 
operators who observed seals around their farm, only 22% indicated 
any change in the frequency of their occurrence; response levels 
were lower for all the other species/groups. Whether the low 
response rate means that the frequency of occurrence had not 
changed in the opinion of the respondent or that the respondent did 
not know if any change had occurred is uncertain. Site visits 
suggested that in many cases, operators had not closely observed 
the presence of wildlife around their farms unless the animal was 
perceived as a threat. In a few cases, the operator stated that 
the frequency of occurrence of some wildlife species had declined 
as a result of actions taken (shooting, trapping, etc.) to get rid 
of them. 

Very few respondents indicated the occurrence or experienced 
any problems with raccoons; hence, this wildlife category was 
eliminated from our analysis. 
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3 . 4  Problems w i t h  Wildlife 

The definition of a wildlife-related "problem" and the 
measurement of its severity was a subjective judgement on the part 
of the respondent. Three main factors appeared to affect a 
respondent's perspective of a "problem" : 

- loss in terms of number of fish. This was the main yardstick 
of problem severity, tempered by loss in biomass. For 
example, loss of 10 smolts to a heron would be considered less 
serious than loss of a 2-year-old fish to a river otter. 

- frequency of the problem. If the problem occurred for only a 
short period of time (e.g., when a species passed through 
during migrations), many respondents categorized the severity 
as low. In some cases, however, it was noted that one visit 
by an aggressive migrating sealion could result in higher 
losses than several visits by a resident river otter or mink 
over a year. In these situations, a respondent may have rated 
the problem as severe. 

- attitude of the respondent. Some operators appeared to be 
quite unconcerned by the presence of wildlife around the farm, 
while others indicated considerable anxiety at the potential 
(though not necessarily realized) threat that such presence 
suggests. The latter was more prone to consider any loss as 
severe, whereas the former may tolerate a certain low level 
of predation or stress. 

Only a proportion of farms that reported the presence of a 
wildlife species or group experienced problems with that species/ 
group (Figure 3-9). These proportions were greatest for river 
otter, seals, Great Blue Herons and Belted Kingfishers; over 80% 
of the respondents reported the presence of these species and over 
50% cited some sort of problem with them. This does not indicate 
the nature or severity of the problems encountered with these 
species, which are discussed in the chapters 4-7. 

Predation was the most commonly cited problem in the survey. 
However, for all wildlife species/groups, the number of farms 
reporting actual losses of fish was less than the number that cited 
predation problems (Figure 3-10). This supports the notion that 
some operators considered predation a problem on the basis of 
potential rather than actual predation. On the other hand, the 
percentages of farms that lost fish were the same or greater than 
those reporting a severe problem. In some cases, therefore, 
operators view predation as a minor problem even though they 
experience some losses. There was a close correspondence between 
the number of farms that lost over 100 fish in the last year and 
the number that considered their predator problems to be severe. 
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rigure 3-9: Percentages of farms reporting the presence of 
and problems with wildlife (n=68) 
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problems (high/low) with reported losses of salmon to 
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Although, the questionnaire did not present stress as a 
problem category, 20 respondents identified stress as a problem in 
its own right. Some proportion of losses to predation (Figure 3- 
10) includes losses perceived to be stress-induced. This may help 
explain why some respondents cited predation problems even though 
they did not experience direct losses to predation; predators may 
not have been successful in actually taking fish, but respondents 
may have felt that the bttemnted predation was having serious 
detrimental effects on their fish stocks. 
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3 . 5  Methods Used t o  Deal with Problems 

Most farms used several methods in combination to deal with 
one or more types of predator (Figure 3-11). An earlier survey of 
15 salmon farms in B.C. found that 56% used no'measures to protect 
their stock from underwater predators, although 80% did use top 
nets (Aylard, 1986). Comparisons to the results of this survey 
suggest that farm operators in B.C. have generally increased the 
level of protection against predators. Individual methods and 
their effectiveness are discussed in chapters 4-7. 
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4. SEALS AND SEA LIONS 

4.1 Background: Distribution and Feeding Habits 

4.1.1 Harbour Seal 

The harbour  seal (Phoca v i t u l i n a )  i s  t h e  most abundant marine 
mammal i n  B.C. With an annual  i n c r e a s e  of  12 .5% s i n c e  t h e  e a r l y  
1 9 7 0 f s ,  t h e  c u r r e n t  p o p u l a t i o n  i s  estimated a t  75,000 animals ,  n e a r  
h i s t o r i c a l l y  high levels f o r  t h e  p rov ince  (Oles iuk  and Bigg, 1 9 8 8 ) .  

Harbour sea ls  p r e f e r  nea r shore  and e s t u a r i n e  environments,  
a l t hough  t h e y  w i l l  e n t e r  freshwater.  T ida l  reefs, bou lde r s ,  
sandbars  and l o g  booms are favoured  h a u l o u t s .  Harbour seals are  
non-migratory, g e n e r a l l y  showing high f i d e l i t y  t o  hau lou t  s i tes  
and b reed ing  areas (Jefferies,  1 9 8 6 ) .  Breeding season  peaks i n  
May/June i n  n o r t h e r n  B.C.  and i n  July/August  i n  sou the rn  B .C .  
(Oles iuk  and Bigg, 1 9 8 8 ) .  Harbour seals do n o t  congrega te  i n  a 
few c o n c e n t r a t e d  areas d u r i n g  t h e  b reed ing  season;  r a t h e r ,  b reed ing  
and pupping areas occur  throughout  t h e  s p e c i e s '  range.  All age and 
s e x  c a t e g o r i e s  mix f r e e l y  i n  r e s t i n g  and hau lou t  a r e a s  (Bigg, 
1 9 6 9 ) .  Sub-adul ts  are t h e  most mobile,  w i t h  i n d i v i d u a l  movements 
o f  up t o  4 8 5  km b e i n g  r e p o r t e d  (Brown and Mate, 1 9 8 3 ) .  

Feeding fo l lows  no d i s t i n c t  d i u r n a l  p a t t e r n  (Brown and Mate, 
1 9 8 3 ) ,  b u t  may be t i d e  related,  becoming more i n t e n s i v e  d u r i n g  ebb 
t ides  ( P .  Oles iuk ,  1 9 8 8 :  pers.comm.). Da i ly  food i n t a k e  averages 
2-3 .5  kg (4 -7  l b ) / a d u l t  seal ,  w i t h  reduced f e e d i n g  d u r i n g  pupping 
(Spalding,  1 9 6 4 ) .  Prey species vary w i t h  t he  season  (Table 4-1) ;  
salmon may c o n s t i t u t e  5-10% of t h e  t o t a l  d ie t  (P .  Oles iuk ,  1 9 8 8 :  
p e r s .  comm.) . Vis ion  may n o t  be as  impor tan t  i n  p rey  s e a r c h  as 
o r i g i n a l l y  believed, s i n c e  s u c c e s s f u l  f e e d i n g  occur s  i n  waters of  
v e r y  low v i s i b i l i t y  and b l i n d  seals have been found i n  w e l l  
nou r i shed  c o n d i t i o n  i n  t h e  w i l d  (Shaffer and S l i p p ,  1 9 4 4 ) .  I n  
B . C . ,  there i s  evidence  t h a t  seals c o n c e n t r a t e  a t  c e r t a i n  r iver 
mouths d u r i n g  salmon and eulachon runs  (P .  Olesiuk,  1 9 8 8 :  
p e r S . c o m . ) .  I n  o t h e r  areas, however, it has  been shown t h a t  peak 
seal  c o n c e n t r a t i o n s  c o i n c i d e  more w i t h  l o c a l  peak abundances of 
o t h e r  p rey  such as smelt, s h i n e r  p e r c h  and h e r r i n g  t h a n  w i t h  salmon 
runs  (Brown and Mate, 1 9 8 3 ) .  

4.1.2 Sea lions 

Steller sea l i o n :  O f  t he  2 sea l i o n  s p e c i e s  found i n  B . C . ,  
on ly  t h e  S te l le r  sea l i o n  (Eumetopias j u b a t u s )  breeds here. The 
c u r r e n t  p o p u l a t i o n  i n  B .C .  is estimated a t  6 -7 ,000  animals ,  
approximately o n e - t h i r d  of  h i s t o r i c a l  p o p u l a t i o n  levels ( B i g g ,  
1 9 8 5 ) .  T h i s  p o p u l a t i o n  undergoes a s e a s o n a l  r e d i s t r i b u t i o n  (Table  
4 - 2 ) .  I n  t h e  b reed ing  season  ( J u n e / J u l y )  greatest  numbers a r e  
found on t h e  r o o k e r i e s ,  w i t h  some occupying year-round h a u l o u t s .  
During t h e  rest o f  the  year, animals  d i s p e r s e  t o  numerous w i n t e r  
s i tes .  T o t a l  numbers are g r e a t e s t  d u r i n g  the  w i n t e r ,  l i k e l y  due 
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SUMMER WINTER 

Harbour Seal sculpins, flatfish, hake, 
rockfiih, greenling, 
smelt, surf perch, 
herring, salmon, octopus 

Steller O C ~ ~ P U S ,  rockfish, dog- 
sea lion fish, salmon, squid, 

flatfish, pollock, 
sandlance 

California 
sea lion 

hake, squid, herring, 
herring, octopus 
salmon 

herring, hake, squid, 
pollock, dogfish 
salmon, flatfish, 
eulachon 

herring, hake, squid, 
octopus, salmon, dog- 
fsh, pollock, eulachon 

Table 4-1: Diet of seals and sea lions in B.C.(from Olesiuk and 
Bigg, 1988; Spalding, 1964) 

TYPE LOCATION SEASON COMPOSITION 

Rookery 

Year-round 
haul-out 

Winter 
haul-out 

Winter 
rafting 
sites 

exposed to ocean 
swell, far from 
land 

exposed to ocean 
swells, close to 
land 

- semi-exposed & 
close to land 
- sheltered 
inlets 

sheltered inlets, 
close to land 

summer (peak 
July); a few 
year-round 

year-round; 

occupancy 
S a y  

fall, winter, 
spring 

fall, winter, 
spring 

cows, pups, bulls, 
some juveniles 

mixture of ages 
& sexes, little 
seasonal change 

- bulls, COWS, 
young - mixed, or adult 

& sub-adult males 

same as winter 
haulouts 

Table 4-2: Types of Steller sea lion concentrations in B.C. (from: 
Bigg, 1985) 
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t o  in -mig ra t ion  from o t h e r  b r e e d i n g  areas by an imals  i n  search of  
food (Bigg, 1 9 8 5 ) .  Sub-adul t s  have been known t o  move up t o  1500 
km from t h e i r  place o f  b i r t h  (Oles iuk  and Bigg, 1 9 8 8 ) .  When 
r e p r o d u c t i v e l y  mature ,  most an imals  r e t u r n  t o  t h e i r  rookery  o f  
b i r t h .  

Sea l i o n s  feed p r i m a r i l y  a t  n i g h t  (Spald ing ,  1 9 6 4 ) .  Adul t  
females consume 5-10 kg/day;  a d u l t  males, 10-20  kg/day  (Oles iuk  
and Bigg, 1 9 8 8 ) .  L i k e  seals,  t h e i r  d i e t  var ies  s e a s o n a l l y  (Table 
4 - 1 ) .  Food i n t a k e  decreases f o r  r e p r o d u c t i v e  cows d u r i n g  t h e  
pupping season  ( J u n e ) ,  and f o r  t e r r i t o r i a l  males d u r i n g  t h e  
b r e e d i n g  season  ( J u l y ) .  Overall,  salmon c o n s t i t u t e  o n l y  a f e w  
p e r c e n t  of  t he  t o t a l  d i e t  (Oles iuk  and Bigg, 1 9 8 8 ) .  

C a l i f o r n i a  sea lion: The C a l i f o r n i a  sea l i o n  ( Z a l o p h u s  
californianus) does  n o t  breed n o r t h  o f  38" l a t i t u d e ,  and on ly  a d u l t  
and s u b a d u l t  males v e n t u r e  t o  t he  B.C.  c o a s t  d u r i n g  the  non- 
b r e e d i n g  season  (Oles iuk  and Bigg, 1 9 8 8 ) .  Local  occu r rence  i s  
u s u a l l y  l imited t o  September-May and t o  t h e  s o u t h e r n  h a l f  o f  
Vancouver I s l a n d .  H i s t o r i c a l l y  rare, t h i s  species now numbers 
around 3000  i n  B.C. waters d u r i n g  t h e  w i n t e r  (O les iuk  and Bigg, 
1 9 8 8 ) ,  t h e  r e s u l t  more o f  i n c r e a s e d  n o r t h e r n  movement o f  t h i s  
species ra ther  t h a n  from p o p u l a t i o n  growth ( B i g g ,  1 9 8 5 ) .  
C a l i f o r n i a  sea l i o n s  u t i l i z e  t h e  same w i n t e r  h a u l o u t s  and r a f t i n g  
si tes as Stel ler  sea l i o n s  (Oles iuk  and Bigg, 1988) ,  and t h e i r  
w i n t e r  d i e t  s imi l a r  t o  t h a t  o f  t h e  Stel ler  (Table 4 - 1 ) .  Salmon 
and h e r r i n g  comprise  approximate ly  1 0 %  and 35% of  t he  d ie t  
r e s p e c t i v e l y  (Oles iuk  and B i g g ,  1 9 8 8 ) .  

4 . 2  Frequency of Occurrence Around Salmon Farms 

Seals  were observed  a t  a lmost  a l l  the  farm s i tes  surveyed  
( F i g u r e  4-1A). Over 60% of  r e sponden t s  r e p o r t e d  obse rv ing  sea ls  

more t h a n  twice weekly,  w i t h  l i t t l e  s e a s o n a l  d i f f e r e n c e  i n  t h e  
f r e q u e n c i e s  o f  o b s e r v a t i o n s .  Seals were s e e n  more f r e q u e n t l y  by 
farms i n  s o u t h e r n  Vancouver I s l a n d  and a l o n g  t h e  Seche l t /Sunsh ine  
Coast  t h a n  i n  the  NE and NW Vancouver I s l a n d  r e g i o n s .  Only 1 4  
( 2 2 % )  r e sponden t s  i n d i c a t e d  a change i n  t h e  f requency  o f  s ea l  
occurrence ;  7 observed  an i n c r e a s e  and 7 observed  a decrease i n  
seal  numbers around t he i r  farm s i tes .  

Sea l i o n s  were observed  less f r e q u e n t l y  t h a n  seals ( F i g u r e  4 -  
1 B ) .  Sea l i o n s  o c c u r r e d  more f r e q u e n t l y  i n  s p r i n g  and w i n t e r  and 
were n o t i c e a b l y  more abundant  i n  s o u t h e r n  Vancouver I s l a n d  t h a n  i n  
o t h e r  r e g i o n s .  Of  t h e  5 0  r e sponden t s  who r e p o r t e d  sea l i o n s  around 
t he i r  s i te ,  on ly  1 0 %  i n d i c a t e d  a change i n  t he i r  f requency  o f  
occur rence ;  3 sa id  sea l i o n s  had i n c r e a s e d  and 2 s a id  t h e y  had 
decreased i n  number around t h e  farm, p r i m a r i l y  due t o  a c t i o n s  t a k e n  
by t h e  o p e r a t o r  t o  g e t  r i d  o f  them. 
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Figure 4-1: Frequency of occurrence of s e a l s  and s e a l i o n s  a t  
s i tes  surveyed (n=68) 

4 . 3  Problems Reported by Salmon Farms 

4 . 3 . 1  Predation and stress 

S e a l s :  Preda t ion  by seals w a s  c i ted a s  a problem by 37% of  t h e  
respondents;  21% classified it a s  severe (Figure  4-2A). Actual  
l o s s e s  over  the  l a s t  year t o  seals were r e p o r t e d  by 27% of  t h e  
respondents  (Figure 3-12).  These farms repor t ed  a c o l l e c t i v e  l o s s  
of  5 5 , 0 0 0  - 6 0 , 0 0 0  f i s h  t o  p reda t ion  o r  stress caused by s e a l s  
(F igure  4-3).  Most s e a l  a t t a c k s  w e r e  d i r e c t e d  a t  f i s h  i n  t he  5 0 0  
g-2.5 kg s i z e  range. S l i g h t l y  more seal  a t t a c k s  occurred  a t  dawn 
and dusk t h a n  a t  o t h e r  times of day. Severa l  o p e r a t o r s  noted t h a t  
s e a l s  o f t e n  suck t h e  c o n t e n t s  of t h e  f i s h  through t h e  n e t ,  l eav ing  
head, t a i l  and/or  backbone behind. 

I n  her s tudy  of p r e d a t o r  problems i n  Scot land,  Ross  (1988)  
r e p o r t s  t h a t  77% of t he  47  farm o p e r a t o r s  t h a t  she in te rv iewed 
cited s e a l s  as caus ing  l o s s  of  s tock  o r  damage t o  equipment. She 
no te s  t h a t  "the s c a l e  of s e a l  p reda t ion  i s  extremely v a r i a b l e ,  from 
no damage over several yea r s  a t  some farms t o  t h e  l o s s  of t e n s  of 
thousands of f i s h  i n  one n i g h t  a t  o t h e r s " .  She d e s c r i b e s  t h e  mode 
of a t t a c k  by  seals, which i s  comparable t o  d e s c r i p t i o n s  received 
dur ing  in t e rv i ews  i n  t h i s  survey: 
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"Seals t y p i c a l l y  a t t a c k  by c h a r g i n g  a t  t he  s ide o f  t h e  
cage, c a u s i n g  t h e  f i s h  t o  p a n i c  and crowd i n t o  a c o r n e r  
o r  down t o  t h e  bot tom. The seal  i s  t h e n  able t o  g r a s p  
mouthfu ls  o f  f i s h  t h r o u g h  t h e  n e t . . .  e i ther  a t  t h e  s ide  
of  t h e  cage  o r  more commonly, by push ing  up th rough  t h e  
cage base. . .  T y p i c a l l y ,  a s ea l  a t t ack  r e s u l t s  i n  large 
numbers o f  f i s h  b e i n g  k i l l e d  o r  wounded, u s u a l l y  by a 
v e n t r a l  b i t e  j u s t  beh ind  t h e  g i l l s  and /o r  claw g r a z e s  
down t h e  side." (Ross,1988: 27) 

(A) Seals B) Seallons 

Predation 

Stress 

Damage 

I 

0% 26% 60% 76% 100 0% 25% 50% 75% 100 
% Farms % Farms 

Problem ratlng: 

m High rn Low 0 Present - no problem 

Figure 4-2: Problems w i t h  seals  and s e a l i o n s  (n=68) .  
"High/low" i s  t o  the  r a t i n g  g i v e n  by r e sponden t s  who 
expe r i enced  problem; " P r e s e n t  - no problem" means t h a t  the  
an ima l s  o c c u r r e d  b u t  no problems were i n d i c a t e d .  

Sea l i o n s :  The f requency  of  p r e d a t i o n  problems ( F i g u r e  4-2B) was 
lower w i t h  sea l i o n s  t h a n  w i t h  seals,  r e f l e c t i n g  t he i r  less 
f r e q u e n t  occur rence  and more restricted d i s t r i b u t i o n .  Losses  t o  
sea l i o n s  w e r e  r e p o r t e d  by f ive farms ( F i g u r e  4-3) .  Several 
o p e r a t o r s  n o t e d  t h a t  sea l i o n s  are most p r e v a l e n t  when f o l l o w i n g  
h e r r i n g  o r  m i g r a t i n g  salmon i n t o  i n l e t s  o r  bays .  They n o t e d  sea 
l i o n s  w i l l  s w i m  by wi thou t  showing much i n t e r e s t  i n  the  farm, and 
t h a t  o n l y  o c c a s i o n a l l y  w i l l  one s w i m  c l o s e  t o  o r  charge a ne tpen .  

4 . 3 . 2  Damage to equipment and consequent fish loss 

Equipment damage w a s  a t t r i b u t e d  t o  seals by 12 r e sponden t s  
and t o  sea l i o n s  by 5 ( F i g u r e  4 - 2 ) .  Most damage c o n s i s t e d  o f  h o l e s  
i n  underwater  p r e d a t o r  n e t s .  Cos t s  o f  r e p a i r i n g  n e t s  are  f a i r l y  
low; most o p e r a t o r s  estimated $10-20.00 f o r  material  and t i m e  t o  
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mend the holes. However, the cost 
of net damage can be significant if 
it results in loss of fish. Three 
farms indicated losses of fish 
escaping through holes in netpens. 
One operator blamed seals for a 
collective loss of 10,000 fish to 
predation, injury to fish, and 
possible escapement through holes. 
Another lost 14,000 adult salmon 
through a large gash in the netpen; 
a sea lion was observed around the 
pen 4-6 times prior to the damage. 
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It should be noted that there 
are many ways in which holes can be 
created and go undetected. Flotsam I 
can get caught and tear nets; semi- Figure 4-3: Direct fish losses 
submerged logs may rub against to and (n=68) 
nets; nets can be snagged on other 
equipment during installation, cleaning or as the result of heavy 
currents. The evidence for damage to nets by wildlife is 
circumstantial in most cases; for example, the remains of a fish 
tangled in a hole or the observation of an animal around the farm 
just prior to the discovery of holes in nets. 

4.4 Methods Used to Deal with Predation Problems 

4.4.1 Dogs 

of them found that dogs were of little or no use in scaring away 
seals or sea lions (Figure 4-4). 

4.4.2 Aerial noisemakers 

Use and effectiveness: Of the 8 farms that used aerial 
noisemakers of some type (Figure 4-41, one found them to be very 
effective against seals. 

Discussion: The types of aerial noisemakers being employed 
were not indicated by the respondents using them. Small explosive 
shells fired from a 12-gauge shotgun, known as "cracker shells", 
are the most common form of aerial noisemaker used in commercial 
fisheries to scare marine mammals away from fishing lines (Scholl 
and Hanan, 1987a,b). The shell is aimed to explode just over the 
animal and can be fired from a range of up to 50-75 m. Cracker 
shells have been found to be somewhat successful in commercial 
fisheries in frightening sea lions and seals for short periods of 
time (Mate and Harvey, 1987). However, their use requires some 
accuracy because unless the animal has its head out of the water 



2 3  

(A)  Seals 

dog 
nolse maker 

acous tlcs 
s ea1 born b 

night watchman 
gun - to scare 

dbLbottom net 
bag net 

curtaln net 

gun - to kill 

0% 20% 40% 60% 
% Farms 

(B) Sealions 

doQ 
nolse maker 

acous t IC$ ! 

seal bomb 

nlght watchman 
gun - to scare 

gun - to kill 

dbLbottorn net 
bag net 

curtaln net I 

0% 20% 40% 60% 
% Farms 

Effectlveness ratlng: 

High Medium Low 0 None 8 Not stated 



2 4  

o r  i s  d i r e c t l y  under t h e  e x p l o s i v e ,  it may n o t  detect i t .  T h i s  
method s u f f e r s  t h e  d i sadvan tages  o f  b e i n g  c o s t l y  ( i f  harassment  i s  
r e q u i r e d  over  e x t e n s i v e  p e r i o d s  of  t i m e ) ,  l a b o u r  i n t e n s i v e  and 
p o t e n t i a l l y  dangerous t o  t h e  u s e r  ( S c h o l l  and Hanan, 1 9 8 7 a ) .  
Exper ience  i n  a g r i c u l t u r e  a l s o  shows t h a t  most an imals  can become 
accustomed t o  a n o i s e  t h a t  i s  r e p e a t e d l y  g e n e r a t e d  and e v e n t u a l l y  
l e a r n  t o  i g n o r e  i t .  Another d i sadvan tage  o f  noisemakers  i s  t h e  
p o t e n t i a l  i r r i t a t i o n  of  ne ighbours .  Consequently,  a e r i a l  
noisemakers  are u s u a l l y  regarded as a s h o r t  t e r m  s o l u t i o n  t o  an 
immediate problem. 

4 . 4 . 3  Underwater acoustics 

Use and effectiveness: Eigh t  r e sponden t s  i n d i c a t e d  t h a t  t h e y  
have used  o r  are u s i n g  underwater  a c o u s t i c  harassment  devices 
("seal  scarers" o r  A H D s )  t o  scare o f f  seals and sea l i o n s  ( F i g u r e  
4 - 4 ) .  O f  these, 5 found A H D s  h i g h l y  o r  v e r y  effect ive a g a i n s t  
seals and 1 found them h i g h l y  effective a g a i n s t  sea l i o n s .  
However, t h e  i n s t r u m e n t s  had n o t  been i n  o p e r a t i o n  f o r  more t h a n  
2 months a t  any o f  the  s i tes .  One farm t h a t  had used  an AHD i n  t he  
p a s t  found t h a t  seals became accustomed t o  t h e  sound; over  t i m e ,  
it became a "d inne r  gong" ra ther  t h a n  a d e t e r r e n t .  

Discussion: Underwater a c o u s t i c  harassment  devices were f i r s t  
des igned  t o  chase  away harbour  seals i n  f isheries o f f  t h e  P a c i f i c  
Northwest (Mate and Harvey, 1 9 8 7 ) .  These devices g e n e r a t e  h i g h  
f requency  sounds i n  t h e  o r d e r  o f  12-17 kHz, which l i e  i n  t h e  range 
o f  maximum s e n s i t i v i t y  f o r  seals.  (ibid.) They are n o t  h e a r d  b y  
f i s h ,  however, and do n o t  a f fec t  f i s h  egg o r  sperm v i a b i l i t y  (Mate 
et al., 1987) .  The sounds are a m p l i f i e d  and t r a n s m i t t e d  t o  a 
r a d i u s  of 30-50 m from the  underwater  loudspeaker .  I n  some models, 
t h e  o p e r a t o r  can a l t e r  the f requency  and i n t e n s i t y  o f  sounds a s  
w e l l  as  t h e  p a t t e r n  i n  which t h e y  are produced. 

A H D s  have been tes ted f a i r l y  e x t e n s i v e l y  i n  commercial 
f isheries i n  t h e  Pac i f i c  Northwest.  P r e l i m i n a r y  r e s u l t s  were 
encouraging.  For  example, t h e  u s e  o f  A H D s  i n  g i l l  n e t  t e s t  
f isheries i n  t h e  Columbia River  s i g n i f i c a n t l y  reduced t h e  number 
o f  salmon damaged o r  e a t e n  b y  seals (Mate and Harvey ,  1 9 8 7 ) .  
However, t h e  e f f e c t i v e n e s s  d e c l i n e d  w i t h  time; 4 y e a r s  a f t e r  
i n i t i a l  u s e  a t  an expe r imen ta l  ha t che ry ,  sea l  p r e d a t i o n  ra tes  had 
r e t u r n e d  t o  what t h e y  w e r e  w i thou t  t h e  A H D s  ( i b i d . )  . Mate and 
Harvey (1987) sugges t  f o u r  p o s s i b l e  r easons  f o r  t h e  d e c l i n e  i n  
e f f e c t i v e n e s s :  

i) seals became h a b i t u a t e d  t o  t h e  sounds.  

ii) t h e  AHDs became c o n d i t i o n i n g  r e i n f o r c e r s ,  s i g n a l l i n g  t o  t h e  
seals where f i s h  were readi ly  avai lable .  

iii) t h e  s i g n a l s  on ly  s t a r t l e d  t h e  an imal .  The level o r  loudness  
o f  sound produced b y  an AHD i s  t y p i c a l l y  n o t  great  enough t o  
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cause pain in seals or sea lions. Greenlaw (1987a) estimates 
that pressure levels greater than +185 dB are required to 
produce pain in seals. These levels would be found about 2 m 
away from an AHD transducer operating at 100-200 watts. To 
inflict pain at a range of 10 m would require a 5400 watt 
power source - clearly impractical to build or operate in most 
fish farm situations. In their present configuration, 
therefore, AHDs rely more on a psychological than 
physiological effect on seals. 

iv) individual seals had impaired hearing. Even if an AHD is 
effective in deterring most seals, the few that are not 
deterred can still inflict considerable damage to fisheries 
and hatchery returns (Mate e t  a l . ,  1987). 

AHDs have been used on fish farms in Norway and the U.S. for 
at least 2 years with some success, according to a manufacturer 
(Seafarm Trading, 1988). Ross (1988) reports that 8 farm operators 
interviewed in Scotland were using AHDs. Their views on the 
effectiveness of these devices were mixed: 3 operators found them 
to be ineffective within a few weeks, whereas others who had been 
operating them for 2 months or more claimed that they were still 
effective. One Scottish farmer claimed to achieve long term 
success by using an AHD in conjunction with shooting as a negative 
reinforcement. 

In general, the short and long-term effectiveness of AHDs may 
be affected by a number of factors: 

- water environment. Temperature, salinity and depth all affect 
the propagation of sound in water. In situations where any 
of these vary over a short distance or time span (e.g., 
changes in depth due to tides, or changing temperature or 
salinity layers) the way in which the sound is projected may 
change (Thomas, 1987). In addition, wind, rain, sea state and 
man-made noise can increase ambient noise levels and decrease 
the effectiveness of sound propagation from the AHDs. 

- bottom topography. The type and structure of the bottom can 
cause sound to be reflected or attenuated so as to decrease 
the effective distance or loudness of sound. 

- locat ion  r e l a t i v e  t o  the  pens. The loudspeaker should be 
located in the middle of a farm, where it can transmit its 
signal so as to cover all parts of the farm. Placement at 
mouths of inlets and small bays can also be effective if they 
totally block the entrance to the site. The loudspeaker 
should also be placed 1-2 m below the bottom of the netpens; 
if it is placed too close to nets or fish, the signal simply 
reflects off them (T. Severinson, 1988: pers.comm.). 
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- characteristics of sounds generated. There are ways of 
increasing the effective loudness of sounds that can be 
reasonably generated by an AHD. To the human ear, perceived 
loudness depends to some extent on the duration of a tone as 
well and on the number tones of which the sound is composed. 
The longer a tone is held (up to a limit of 1 sec.), the 
greater effect it has on the auditory senses. Similarly, 
sounds made up of several tones (frequencies) seem to be 
louder than single tones. Extrapolating this to seals' 
hearing, Greenlaw (1987) suggests using pulse lengths on the 
order of 0.5-1.0 seconds and transducers that can generate 
several frequencies of sound to increase the effectiveness of 
the AHD. 

Research on animal behaviour suggests that sounds should 
be produced in bursts with quiet intervals of random length 
(3-5 minutes) between the bursts (Pryor, 1987). In this way, 
the animal is unsure of when the next sound will occur. 
Operating several units, all with the burst-mode of operation, 
might also increase effectiveness in that in addition to being 
unable to predict the time when sounds will occur, the animal 
will be uncertain from where the sound will come (Greenlaw, 
1987). 

- timing of use. Intermittent rather than constant use of an 
AHD reduces the chance of seals habituating or becoming "deaf" 
to it (Ross, 1988). This may be effective so long as seals 
are driven from the site for those periods when the AHD is not 
in use. 

- predator motivation. The motivation of a seal probably 
determines the level of discomfort it is willing to endure on 
a short or long term basis in order to get at a perceived food 
source. This motivation may be associated with general food 
availability in the wild. 

- regular maintenance. For example, the user must check and 
service the transmitter and battery regularly. 

Several operators interviewed in this survey expressed 
interest in trying an AHD, but were unsure of the usefulness of 
the technology, particularly given their high price. Single units 
(sound generator with 1 loudspeaker) that produce one frequency 
cost $2000-$3000.00. More sophisticated devices that allow the 
operator to choose different signal frequencies and/or program the 
rate and timing of bursts can cost $3-5000. 

Some research has been carried out on the emission of other 
types of sound; for example, killer whale calls, these being the 
main predators of seals. This has not been effective over the long 
term, however, primarily because there is no negative reinforcement 
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accompanying t h e  sounds and t h e  s e a l s  l e a r n  t o  i g n o r e  them (Mate 
and Harvey,  1 9 8 7 ) .  

4 . 4 . 4  Seal bombs 

Use and effectiveness: E i g h t  farms r e p o r t e d  u s i n g  seal  bombs 
a g a i n s t  seals and sea l i o n s  (F igu re  4 - 4 ) .  Most used  bombs as an 
i n t e r m i t t e n t  remedial measure, throwing them when t h e  an imals  are  
s ighted c l o s e  t o  the  ne tpens .  Most o p e r a t o r s  found t h i s  method t o  
be effective i n  keeping seals  and sea l i o n s  a t  b a y  b u t  it d id  n o t  
n e c e s s a r i l y  e l i m i n a t e  t h e i r  p re sence  around t h e  farm. 

Discussion : Seal bombs are e x p l o s i v e  devices t h a t  are 
thrown i n t o  t h e  water i n  t h e  v i c i n i t y  of  a p o t e n t i a l  p r e d a t o r .  Most 
t y p e s  are e q u i v a l e n t  t o  approximately one-quar te r  s t i c k  of  dynamite 
and c o s t  $3-5.00. They can be purchased w i t h  v a r y i n g  f u s e  times 
(10-20 seconds are common) and explode a t  dep ths  o f  2-3 m. They 
produce a sound of  less t h a n  2 kHz i n  f requency and approximately 
190  dB i n  loudness  a t  t h e  sou rce .  They a l s o  g e n e r a t e  some l i g h t  
on exp los ion .  Besides s c a r i n g  the  animals ,  sea l  bombs may cause  
a u d i t o r y  p a i n  o r  p h y s i c a l l y  damage t h e  i n n e r  ear i f  t h e y  explode 
very c l o s e  t o  t h e  animals ,  a l t hough  whether such damage does occur  
has n o t  been c o n c l u s i v e l y  determined ( A w b r e y  and Thomas, 1987) .  

Accuracy, t i m i n g  and frequency of  u s e  may be f a c t o r s  i n  t h e  
e f f e c t i v e n e s s  o f  seal  bombs. Obviously,  t h e  c l o s e r  a bomb i s  t o  
a seal o r  sea l i o n ,  t h e  greater t h e  effect  o f  t h e  exp los ion .  Two 
o p e r a t o r s  no ted  t h a t  t h e  an imals  must be underwater  a t  t h e  t i m e  
t h e  bomb explodes .  One o p e r a t o r  r e p o r t e d  u s i n g  seal bombs as a 
p r e v e n t i v e  o r  " p r e d a t o r  t r a i n i n g "  measure ever s i n c e  o p e r a t i o n s  
s tar ted,  throwing them ou t  from t h e  c o r n e r s  of  t h e  ne tpens  whenever 
seals o r  sea l i o n s  were seen  approaching the  s i t e .  T h i s  farm has 
a p p a r e n t l y  never  been s u b j e c t  t o  seal  o r  sea l i o n  a t tacks d e s p i t e  
r e g u l a r  s i g h t i n g s  o f  t h e  an imals .  I n  comparison, ano the r  farm 
s ta r ted  u s i n g  bombs only  a f t e r  it had expe r i enced  several a t tacks  
by a group of  seals from a nearby colony.  The bombs made the  seals 
w a r y  b u t  t h e y  s t i l l  hung around j u s t  beyond t h e  effect ive p e r i m e t e r  
o f  the  bombs. The o p e r a t o r  f e l t  t h a t  i f  bombs had been used 
i n i t i a l l y  i n  combination w i t h  o t h e r  d e t e r r e n c e  methods (e.g., n i g h t  
watchmen), t h e  seals may have been s u f f i c i e n t l y  d iscouraged  from 
coming c l o s e  t o  t h e  ne tpens  b e f o r e  t h e y  l e a r n e d  o f  t h e  p resence  of  
t h e  caged f i s h .  

The major d i sadvan tages  of  s e a l  bombs are  t h a t  t h e y  are l abour  
i n t e n s i v e ,  dangerous i f  improperly used, and can be expens ive  i f  
used  i n t e n s i v e l y  over  ex tended  p e r i o d s  of  t i m e .  They may harm t h e  
seals o r  sea l i o n s  a t  which t h e y  are directed, e i ther  by damaging 
a u d i t o r y  c e n t r e s  o r  th rough direct  h i t s .  There i s  a l s o  some concern 
t h a t  bombs may d i s t u r b  f i s h  because t h e y  a r e  w i t h i n  t h e i r  range of  
h e a r i n g  (Mate and Harvey, 1 9 8 7 ) .  
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4 . 4 . 5  Night watchman 

Use and effectiveness: Of the 19 ( 2 8 % )  farms that employed 
night watchmen, most found them to have some effect against seals 
and sea lions (Figure 4-4). 

Discussion: The major factor in the effectiveness of this 
measure is the vigilance of the watchman. Most farms resort to 
constant night monitoring only when serious night-time attacks have 
occurred, since paying for this service on an ongoing basis is 
expensive. In some cases, 24-hour presence of staff on the site 
is a requirement for insurance. Otherwise, most farms rely on dogs 
or periodic night checks to warn of potential marauders. 

4 . 4 . 6  Shooting 

Use and effectiveness: Over half of the respondents reported 
using guns to scare off seals; 45% (n=38) of these users rated this 
method as moderately or highly effective in reducing seal problems. 
Fewer respondents (16%) acknowledged shooting to kill seals of 
which just over half found it highly or moderately effective 
(Figure 4-4). 

As sea lions were less commonly seen around farm sites, only 
21% of respondents reported using guns to scare them off, of which 
64% (n=14) found it of high or medium effectiveness (Figure 4-4). 
Few operators (7%) reported using guns to kill sea lions, although 
most of those that did (80%) found it of high or medium 
effectiveness in alleviating problems primarily because it got rid 
of the rare, aggressive animal. 

Discussion: Shooting is used more frequently as a scare 
tactic, with most operators shooting to kill only when they feel 
it is necessary. However, the sense of necessity differs among 
individuals. While some operators shoot at predators only once 
there is evidence of loss, damage or stress to fish, others will 
shoot at any wildlife that comes within sight of the farm and which 
they consider to be a potential threat, regardless of whether they 
have encountered any negative interactions with that species or 
not. Most operators, however, perceived the use of guns as 
effective only in remedying an immediate problem with one or two 
persistent animals; it is not a replacement for general preventive 
and deterrence mechanisms. 

The federal Fisheries A c t  provides protection for seals and 
sea lions. These animals can be killed for the purpose of 
protecting fishing gear or to protect fish that have been caught 
or are being farmed only with a licence issued under the Act by 
the Department of Fisheries and Oceans. Penalties are as high as 
$5000.00. We did not ask operators whether they used guns with or 
without the appropriate permits. We surmise, however, that faced 
with a perceived, immediate threat, most operators would not delay 
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i n  t a k i n g  q u i c k  remedial a c t i o n  regardless of  company p o l i c i e s  o r  
p e r m i t t i n g  r equ i r emen t s .  

T h e  f i g u r e s  o b t a i n e d  i n  t h i s  su rvey  p robab ly  u n d e r e s t i m a t e  
t he  u s e  o f  guns on salmon farms. There i s  unde r s t andab ly  
c o n s i d e r a b l e  r e l u c t a n c e  t o  d i v u l g e  t h i s  type  o f  i n f o r m a t i o n  f o r  
fear o f  r e c r i m i n a t i o n .  This  r e l u c t a n c e  was i n t e n s i f i e d  by a w e l l -  
p u b l i c i z e d  case o f  a farm o p e r a t o r  b e i n g  charged w i t h  i l l e g a l  
s h o o t i n g  o f  o t t e r  a t  t h e  t i m e  t he  su rvey  was conducted.  A s  a 
r e s u l t  o f  t h e  n e g a t i v e  r e p u t a t i o n  t h a t  many salmon farm companies 
perceive t h e  i n d u s t r y  i s  o b t a i n i n g ,  many r e sponden t s  claimed t h a t  
t he i r  s i tes  o p e r a t e  under  a p o l i c y  o f  no guns permitted on t h e  
s i t e .  

4 . 4 . 7  Double bottom nets 

Use and effectiveness: O f  t h e  68 farms surveyed ,  47 ( 6 9 % )  
r e p o r t e d  having  double  bot toms on t h e i r  n e t  pens .  Over ha l f  o f  
these u s e r s  s t a t ed  t h e y  used  them a g a i n s t  sea l  a t tacks;  34% ra ted 
them as  h i g h l y  o r  modera te ly  effect ive ( F i g u r e  4-4A). O f  t h e  1 3  
farms t h a t  reported u s i n g  double  bot tom nets a g a i n s t  sea l i o n s  54%, 
found them h i g h l y  o r  modera te ly  effective ( F i g u r e  4-4B). 

Discussion: Netpens are now commonly equipped  w i t h  a second 
layer  o f  large-meshed n e t t i n g  on t h e  bot tom. Dogf ish  are t h e  main 
p r e d a t o r  f o r  which double  bot toms have been developed,  b u t  seals 
and sea l i o n s  a l s o  t e n d  t o  a t tack  from t h e  bot tom. Many o p e r a t o r s  
f e l t  t h a t  such  a t tacks are directed p r i m a r i l y  a t  "morts"  t h a t  
c o l l e c t  a t  the  bot tom, b u t  once these are t a k e n ,  p r e d a t o r s '  
i n t e r e s t s  may t u r n  t o  t h e  l ive  f i s h .  Regular  removal o f  mor ts  i s  
t h e r e f o r e  a f a c t o r  i n  d i m i n i s h i n g  bot tom a t t a c k s  and p r e v e n t i n g  
p o t e n t i a l  p r e d a t o r s  from l e a r n i n g  o f  t h e  p r e s e n c e  o f  l i v e  p r e y .  

4 . 4 . 8  Underwater predator nets (bag and curtain nets) 

Use and effectiveness: J u s t  o v e r  half  o f  t h e  farms surveyed  
used  underwater  p r e d a t o r  n e t s ;  42.5% had bag n e t s  and 9% had 
c u r t a i n  n e t s .  38% of  t h e  r e sponden t s  rated t h e  e f f e c t i v e n e s s  of 
bag n e t s  a g a i n s t  seal  a t tacks  and 13% i n d i c a t e d  t he i r  u s e  a g a i n s t  
sea l i o n s .  Almost a l l  (88%) found them h i g h l y  o r  modera te ly  
e f f e c t i v e  a g a i n s t  t h e s e  an ima l s  ( F i g u r e  4-4). S i x  farms used  
c u r t a i n  n e t s ;  5 o f  these used  them i n  combinat ion w i t h  double-  
bot tom n e t s  and rated t h i s  as  effective a g a i n s t  seals  and sea 
l i o n s .  

Discussion : Two f a c t o r s  de t e rmine  the  e f f e c t i v e n e s s  o f  
underwater  p r e d a t o r  n e t s :  the  a b i l i t y  t o  create and m a i n t a i n  a gap 
between t h e  p r e d a t o r  and t h e  ne tpen  and t h e  a b i l i t y  t o  resist 
damage o r  movement by p r e d a t o r s .  P r e d a t o r  n e t s  are t y p i c a l l y  hung 
on the  o u t s i d e  o f  walkways t h a t  run  around sets o f  ne tpens ,  a 
d i s t a n c e  o f  0 .5-1 .5  m from t h e  ne tpens .  They are weighted a t  t h e  
bot tom c o r n e r s  and sides t o  t r y  t o  m a i n t a i n  t h i s  d i s t a n c e  a t  a l l  
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d e p t h s .  However, water  c u r r e n t s  t e n d  t o  push t h e  p r e d a t o r  n e t s  
a g a i n s t  t h e  w a l l s  o f  t h e  ne tpens ,  r educ ing  t h e  effective gap.  
Opera tors  may t r y  t o  c o u n t e r a c t  t h e  effects  o f  c u r r e n t s  b y  adding  
more weights,  b u t  t h i s  i n  t u r n  makes s e r v i c i n g  t h e  n e t s  more 
d i f f i c u l t .  Most o p e r a t o r s  who used  these n e t s  acknowledged t h a t  t h e  
gap between p r e d a t o r  n e t s  and ne tpens  cou ld  n o t  be ma in ta ined .  

The r e s i s t a n c e  t h a t  t h e  n e t  p r e s e n t s  t o  a p r e d a t o r  depends 
on t h e  gauge, weight and mater ia l  o f  which t h e  n e t  i s  made, a s  w e l l  
as  t h e  way i n  which it hangs i n  t h e  water. A t a u t  n e t  i s  more 
d i f f i c u l t  t o  b i t e  th rough  t h a n  a l o o s e  one; a h e a v i l y  weighted n e t  
i s  more d i f f i c u l t  t o  move t h a n  a l i g h t l y  weighted one. 

Other  f a c t o r s  t o  c o n s i d e r  are the  c o s t s  of  i n s t a l l i n g  and 
m a i n t a i n i n g  these n e t s .  P r e d a t o r  n e t s  are a c o n s i d e r a b l e  c a p i t a l  
c o s t ,  and g iven  t h e  effects o f  f o u l i n g ,  c l e a n i n g ,  moving and 
g e n e r a l  wear and tear,  t h e y  need replacement  eve ry  f e w  y e a r s .  I n  
a d d i t i o n ,  p r e d a t o r  n e t s  add s u b s t a n t i a l  weight t o  pen s y s t e m s ,  
r e q u i r i n g  t h a t  t h e y  be c o n s t r u c t e d  more h e a v i l y  t h a n  i f  p r e d a t o r  
n e t s  w e r e  n o t  i n s t a l l e d .  Cons ide rab le  e f f o r t  and expense i s  
r e q u i r e d  t o  keep t h e  n e t s  free o f  f o u l i n g  organisms.  Fouled 
p r e d a t o r  n e t s  reduce  water f low i n t o  t h e  ne tpens  and add t o  t h e  
stress on t h e  pen s t r u c t u r e .  However, removing f o u l a n t s  r e q u i r e s  
t h a t  t h e  n e t s  be hau led  up t o  a l low washing and /o r  d ry ing ,  o r  t h a t  
t h e y  be s c r a p e d  o r  vacuumed underwater .  P r e d a t o r  n e t s  are u s u a l l y  
large so  as  t o  encompass a series o f  ne tpens ,  making h a u l i n g  them 
t o  t h e  s u r f a c e  d i f f i c u l t .  Bag n e t s ,  which are a t t a c h e d  under  t h e  
ne tpens ,  are p a r t i c u l a r l y  d i f f i c u l t  t o  service. I t  i s  a l s o  
necessa ry  t o  check the  n e t s  and r e p a i r  any h o l e s  on a r e g u l a r  
basis .  This  u s u a l l y  r e q u i r e s  d i v i n g ,  b u t  several o p e r a t o r s  p o i n t e d  
o u t  t h a t  d i v i n g  around such large n e t s  i s  hazardous .  

Many o p e r a t o r s ,  t h e r e f o r e ,  f e l t  t he  c o s t s  o f  underwater  
p r e d a t o r  n e t s  outweigh t h e  b e n e f i t s  o f  r educ ing  the  r i s k  of  
p r e d a t o r  a t t a c k s .  Th i s  i s  evidenced  by t h e  f ac t  t h a t  d e s p i t e  b e i n g  
h i g h l y  rated f o r  t h e i r  e f f e c t i v e n e s s  a g a i n s t  marine p r e d a t o r s ,  on ly  
s l i g h t l y  more t h a n  ha l f  o f  t h e  farms surveyed (51.5%) used  
underwater  p r e d a t o r  n e t s .  

Although less commonly used,  c u r t a i n  n e t s  have c e r t a i n  
advantages  ove r  bag n e t s .  S ince  t h e y  are n o t  connec ted  a t  t h e  
bottom t o  t he  e n t i r e  p r e d a t o r  n e t  system, c u r t a i n  n e t s  are easier 
t o  p u l l  up f o r  c l e a n i n g  o r  replacement  t h a n  bag n e t s .  Th i s  can be 
made s t i l l  easier by a r r a n g i n g  the  c u r t a i n  n e t s  i n  discrete p a n e l s  
t h a t  can be i n d i v i d u a l l y  hau led  and replaced; each  p a n e l  can be 
r e a t t a c h e d t o  i t s  ne ighbour ing  p a n e l s  w i t h  large s t i t c h i n g  o r  nylon 
rope  t i e s .  The major d i sadvan tage  o f  c u r t a i n  n e t s  i s  t h a t  t h e y  
o f f e r  no p r o t e c t i o n  from t h e  bottom. However, t h e  combinat ion of  
a c u r t a i n  n e t  and double-bottom ne tpens  gives the o v e r a l l  effect  
o f  a double  mesh w a l l  around t h e  e n t i r e  ne tpen  system. The gap 
between the  c u r t a i n  n e t  and ne tpen  may be made t o  appear  narrower 
by having  t h e  c u r t a i n  n e t  hang w e l l  below t h e  ne tpen .  None o f  t h e  
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f ive  o p e r a t o r s  u s i n g  t h i s  combinat ion r e p o r t e d  b i rds  o r  an imals  
g e t t i n g  i n  between t h e  c u r t a i n  n e t  and ne tpen .  

4.4.9 Other methods 

One s i t u a t i o n  w a s  r e p o r t e d  where a h u r r i c a n e  l a n t e r n  was 
i n s t a l l e d  on a rock  o u t c r o p  used  r e g u l a r l y  as a sea l i o n  h a u l o u t  
t h a t  was l o c a t e d  w i t h i n  0 . 5  km o f  a farm s i t e .  The sea l i o n s  
a p p a r e n t l y  abandoned t h e  s i t e  and have r a r e l y  been seen  i n  t h e  
v i c i n i t y  s i n c e .  

4.5 Entanglement 

Only 1 farm i n  t h i s  su rvey  r e p o r t e d  having  a seal  t a n g l e d  i n  
a p r e d a t o r  n e t .  I n  Sco t l and ,  however, en tanglement  o f  seals i s  a 
f r e q u e n t  occur rence .  Ross (1988) c i tes  51% o f  s i tes  surveyed  
r e p o r t e d  en tanglement ,  and estimates t h a t  a t o t a l  o f  113 seals are 
t a n g l e d  p e r  y e a r  a t  these sites. E x t r a p o l a t i n g  t h e s e  f i g u r e s  t o  
t h e  157 farms o p e r a t i n g  i n  Sco t l and ,  R o s s  estimates t h a t  t o t a l  
m o r t a l i t i e s  may be i n  t h e  o r d e r  of 1 , 0 5 0  seals. She n o t e s ,  
however, t h a t  t he  accuracy  o f  f i g u r e s  received from farm o p e r a t o r s  
varies g r e a t l y  a c c o r d i n g  t o  the  level of n e t  checking  and 
management on t h e  s i te ,  and whether o p e r a t o r s  may be 
u n d e r e s t i m a t i n g  ( t o  p r e v e n t  r e c r i m i n a t i o n )  o r  o v e r e s t i m a t i n g  ( t o  
i n f l u e n c e  p o l i c i e s  on p r e d a t o r  c o n t r o l )  t h e i r  s t a t i s t i c s .  

Ross (1988) i n d i c a t e s  t h a t  most o p e r a t o r s  regarded t a n g l i n g  
as  u n d e s i r a b l e ,  e i ther  because  it w a s  c o n s i d e r e d  t o  be inhumane o r  
p e r c e i v e d  t o  have adverse effects  on f i s h  husbandry.  However, some 
o p e r a t o r s  c o n s i d e r e d  t a n g l i n g  as a u s e f u l  means o f  r educ ing  a 
p r e d a t o r  problem. I n  Sco t l and ,  p r e d a t o r  n e t s  are o f t e n  made of 
l i gh t -gauge  g r e y  o r  black nylon  w i t h  mesh s i z e s  o f  6-11 i n c h e s .  
The la rger  mesh s i z e  and l i g h t e r  gauge a re  l i k e l y  r e s p o n s i b l e  f o r  
t h e  greater  en tanglement  r e p o r t e d  i n  S c o t l a n d .  I n  t h i s  su rvey  of  
B . C .  salmon farms, mesh s i z e s  of  p r e d a t o r  n e t s  ranged  from 2-5" 
and a heavier gauge o f  ny lon  w a s  used  (see chapter 7 ) .  

4.6 Summary 

* Problems w e r e  encoun te red  w i t h  seals a t  62% of t h e  farm s i tes  
surveyed  (n=68) . P r e d a t i o n  w a s  t h e  most common problem ( 4 0 % )  ; 
stress (17%)  and damage t o  equipment (19%)  were a l s o  c i ted.  
J u s t  o v e r  25% o f  t he  farms surveyed  r e p o r t e d  l o s i n g  f i s h  t o  
p r e d a t i o n  o r  stress caused  by seals i n  t h e  p a s t  y e a r ,  t he  
c o l l e c t i v e  t o t a l  l o s s  b e i n g  5 5 , 0 0 0  - 6 0 , 0 0 0  f i s h .  

* Sea l i o n s  were c o n s i d e r e d  a problem by 22% o f  t h e  farms 
surveyed .  F i s h  l o s s  due t o  p r e d a t i o n ,  stress and equipment 
damage b y  sea l i o n s  w a s  r e p o r t e d  by 7 %  o f  t h e  farms. 
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* Dogs, shooting to scare, double bottom nets and bag nets were 
cited most frequently as methods used to prevent predation by 
seals and sea lions. Bag nets received the highest 
effectiveness rating against these animals, followed by double 
bottom nets and shooting to scare. Although not extensively 
used, underwater acoustics, seal bombs and curtain nets were 
rated as being effective by more than 50% of those would did 
use them. 



33 

5. FURBEARERS: RIVER OTTER AND MINK 

5.1 Background: Distribution and Feeding Habits 

5.1.1 R i v e r  otter 

The river otter ( L u t r a  canadensis) is an abundant species 
along waterways and throughout B.C.‘s coast and offshore islands. 
Otters range from 0.9-1.3 m in length and 5-13 kg in weight. The 
social unit consists of an adult female and her offspring, while 
males generally are solitary (Melquist and Hornocker, 1983). They 
move within home ranges, although their boundaries frequently 
overlap and change according to food availability (Hornocker e t  
a l . ,  1983). 

On the coast, otters’ preferred habitats typically have a 
freshwater pond or stream associated with them (McTaggart Cowan 
and Guiget, 1978). They are opportunistic feeders, taking prey in 
proportion to their availability. In coastal environs, their main 
prey are fish that are abundant, midsize (15-35 cm), easy to catch 
(sluggish or easily fatigued) and close to shore (Stenson e t  al., 
1984). Common prey species are surfperch, sculpin, flounder, 
rockfish and greenling. Salmonids are not regular items in their 
diet, but they will feed on salmon when readily available; for 
example, otters will concentrate along salmon spawning rivers in 
autumn (Hornocker et al., 1983). Otters are primarily nocturnal 
in their feeding habits, but become more diurnal during the winter 
(Melquist and Hornocker, 1983). 

5.1.2 Mink 

Mink (Mustela vison)  are abundant in B.C.’s marine and 
freshwater environments. They are considerably smaller than 
otters; adult males are 0.5-0.7 m in length and weigh from 0.7-1.6 
kg. They too are opportunistic feeders. Rabbits and rodents are 
dominant prey species, but in coastal environments, over 50% of 
their diet may consist of fish found in shallow waters and tide 
pools and crustaceans (Dunstone and Birks, 1987). Fish prey are 
particularly important in winter when terrestrial prey are scarce; 
females may prey more heavily on fish than males because many 
terrestrial prey species are too large for them to catch (ibid.). 

5.2 Frequency of Occurrence Around Salmon Farms 

River otter were the second most frequently observed mammal 
next to seals (Figure 5-1A). Regular or frequent sightings were 
reported by 25-50% of respondents with the greatest frequency in 
spring. Of the 61 farms that observed otter, only 5 reported an 
increase and 4 reported a decrease in numbers. Most of the 
decreased frequencies were attributed to trapping or shooting to 
get rid of problem animals. 
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I n  most cases, mink were observed  only  o c c a s i o n a l l y  (F igu re  
5-1B). O f  t h e  3 0  farms t h a t  observed  mink, 1 r e p o r t e d  an i n c r e a s e  
and 4 r e p o r t e d  a decrease i n  t he i r  occurrence .  

(A)  Otters (B) Mink 
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Figure 5-1: Frequency o f  occur rence  o f  r iver o t t e r  and mink a t  

farm sites surveyed.  (n=68) 

5 . 3  Problems Reported by Salmon Farms 

5 . 3 . 1  Predation and stress 

Otter: R i v e r  o t t e r s  w e r e  c i ted most f r e q u e n t l y  o f  a l l  t h e  w i l d l i f e  
groups as  pos ing  p r e d a t i o n  problems. Almost half  of  t h e  
r e sponden t s  r e p o r t e d  p r e d a t i o n  by o t t e r s  and o f  these ove r  ha l f  
c i ted it as a severe problem (F igure  5-2A). Twenty-one (31%) o f  
t he  farms surveyed r e p o r t e d  a t o t a l  o f  3 0 , 6 0 0  f i s h  l o s t  t o  
p r e d a t i o n  o r  stress b y  r iver o t t e r  (F igu re  5 - 3 ) .  Most a t tacks  
occur red  between dusk and dawn, and most f i s h  t a k e n  were 300g - 2kg 
i n  s i z e .  A f e w  o p e r a t o r s  r e p o r t e d  t h a t  o t t e r s  chewed h o l e s  th rough  
p r e d a t o r  n e t s  t o  get a t  f i s h .  More commonly, t he  an imals  jumped 
o r  climbed i n t o  ne tpens  from walkways, e s c a p i n g  by c l imbing  back 
up t h e  sides of t h e  ne tpen .  Top n e t s  w e r e  a d e t e r r e n t  b u t  on ly  i f  
s e c u r e l y  f a s t e n e d  t o  t he  ne tpens .  Several o p e r a t o r s  complained 
t h a t  o t t e r s  do n o t  j u s t  t a k e  a few f i s h  b u t  go i n t o  an  a t tack  
f r enzy ,  l e a v i n g  many f i s h  s e r i o u s l y  wounded. The p e r s i s t e n c e  of  
o t t e r  p r e d a t i o n  problems was variable.  Some o p e r a t o r s  r e p o r t e d  
t h a t  o t t e r s  were around a f e w  times b u t  l o s t  i n t e r e s t ,  w h i l e  o t h e r s  
c la imed an ongoing ba t t l e  w i t h  an imals  t h a t  e x h i b i t  i n c r e a s i n g  
bo ldness  and cunning.  
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igure 5-2: P r o b l e m s  encountered w i t h  river o t t e r  and mink 
(n=68) 

Mink: Only 18% of respondents 
r epor t ed  p reda t ion  by mink and 
only 3 farms ( 4 . 3 % )  considered 
it t o  be a severe problem 
(Figure 5-2B). Four farms 
experienced l o s s e s  t o  mink 
t o t a l i n g  3800 f i s h  (Figure 5-31, 
mostly of f i s h  less than  500g. 

Severa l  o p e r a t o r s  were 
unsure whether p reda t ion  losses 
were a t t r i b u t a b l e  t o  mink o r  
o t t e r .  Ot ters  t y p i c a l l y  fed on 
l a r g e r  f i s h  than  mink, bu t  the  
s i z e  ranges overlapped. 
a l s o  c h a r a c t e r i s t i c a l l y  
heads and organs of  
l eav ing  the  c a r c a s s  
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Figure 5-3: Direct f i s h  l o s s e s  
t o  r i v e r  o t t e r  and mink 

Scat  on t h e  walkways was another  common s i g n  used  t o  i n d i c a t e  t h e  
presence of these animals,  w i t h  o t t e r  s c a t  u s u a l l y  being l a r g e r  
than  mink. 

By comparison, problems w i t h  o t t e r  p reda t ion  were r epor t ed  by  
only 1 6 %  of 51 farms surveyed i n  Scot land (Ross,  1 9 8 8 ) .  This  may 
be due t o  t h e  cons iderably  lower o t t e r  popula t ions  i n  Scotland, 
a l though o t t e r  were r e g u l a r l y  seen a t  78% of t h e  S c o t t i s h  salmon 
farms surveyed. Both o t t e r  and mink p reda t ion  have been r epor t ed  
a s  problems a t  f reshwater  h a t c h e r i e s  and r e a r i n g  f a c i l i t i e s ,  w i t h  
t h e  l a t t e r  p reda to r  being more r e g u l a r l y  cited.  For example, i n  
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a survey  o f  287 hatcheries i n  t h e  e a s t e r n  U . S . ,  t h e  most f r e q u e n t l y  
r e p o r t e d  mammalian p r e d a t o r s  w e r e  raccoons,  man and mink (Pa rkhur s t  
et al., 1 9 8 7 ) .  

5.3.2 Damage to equipment and consequent fish loss 

Eleven farms a t t r i b u t e d  damage t o  underwater  p r e d a t o r  and t o p  
n e t s  t o  r iver  o t t e r  and 3 t o  mink (F igu re  5 - 2 ) .  One respondent  
c la imed c o s t s  i n  thousands  o f  d o l l a r s  t o  h i re  a diver on an ongoing 
basis t o  r e p a i r  underwater  h o l e s  chewed by o t t e r s  i n  bag n e t s .  
Only one farm r e p o r t e d  l o s i n g  f i s h  because  o f  damage caused  b y  
w i l d l i f e ,  where 2 5 , 0 0 0  smol t s  escaped  th rough  small  h o l e s  created 
j u s t  below the  s u r f a c e  of  a netpen;  the respondent  s u s p e c t e d  o t t e r  
b u t  no ted  t h a t  mink c o u l d  a l s o  be t h e  cause .  

5.4 Methods Used to Deal with Problems 

5.4.1 Dogs 

Use and effectiveness: O f  t h e  35 r e sponden t s  who r e p o r t e d  
u s i n g  dogs a g a i n s t  river o t t e r ,  1 4  ( 4 0 % )  found them t o  be h i g h l y  
o r  modera te ly  effective and 1 8  (51%) found them o f  l i t t l e  o r  no 
effect  (F igu re  5-.4). Seven r e sponden t s  used  dogs a g a i n s t  mink, of 
which 5 found them t o  be o f  high o r  medium e f f e c t i v e n e s s .  

Discussion: Dogs w e r e  f a i r l y  effective a g a i n s t  mink because 
these animals  are  small  and l a r g e l y  land-based. O t t e r  on the  o t h e r  
hand have s u p e r i o r  swimming and d i v i n g  ab i l i t i e s ,  and c o n s i s t e n t l y  
teased dogs by s t a y i n g  j u s t  beyond t h e i r  reach. 

5.4.2 Night Watchman 

Use and effectiveness: T w e l v e  (18%) r e sponden t s  r e p o r t e d  
u s i n g  n i g h t  watchmen t o  p r e v e n t  r iver  o t t e r  at tacks ( F i g u r e  5-4) ;  
n i n e  found them h i g h l y  o r  moderately effective i n  r educ ing  the  
p resence  o f  these animals .  Only 2 respondents  c i ted u s i n g  watchmen 
f o r  mink; 1 rated it as moderately s u c c e s s f u l  and t h e  o t h e r  s a id  
it had no effect .  

Discussion: According t o  survey  respondents ,  more r iver  o t t e r  
a t tacks  occur  between dusk and dawn t h a n  i n  d a y l i g h t  hours ,  making 
the  u s e  of n i g h t  watchmen worth c o n s i d e r i n g .  T h e  major  de t e rmin ing  
f a c t o r  i n  t h e  e f f e c t i v e n e s s  of  t h i s  measure i s  t h e  v i g i l a n c e  of  t h e  
watchman. 

5.4.3 Shooting 

Use and effectiveness: Twenty-three (34%) r e sponden t s  used  
guns t o  scare o f f  river o t t e r ;  1 0  (43%) of  these found it h i g h l y  
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methods against river otter and mink (n=68) 
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o r  moderately e f f e c t i v e  i n  g e t t i n g  r i d  of problem animals .  Nine  
(13%) r epor t ed  shoot ing  t o  k i l l  r iver  o t t e r  of which 4 found it t o  
be h ighly  o r  moderately e f f e c t i v e  (F igure  5 - 4 ) .  Only 2 respondents 
r epor t ed  shoot ing  t o  s c a r e  mink; bo th  r a t e d  it a s  e f fec t ive .  

Discuss ion:  Furbearers  a r e  p r o t e c t e d  under t h e  B.C .  W i l d l i f e  
A c t ,  which has p rov i s ions  f o r  hunt ing  o r  t r a p p i n g  w i l d l i f e  without 
a permit  o r  l i c e n c e  f o r  t h e  purpose o f  p r o t e c t i n g  p rope r ty  when 
c e r t a i n  c i rcumstances are m e t .  However, t h e  p rov i s ion  a p p l i e s  only 
t o  w i l d l i f e  t h a t  a r e  a menace t o  domestic animals o r  b i rds ,  which 
does not  i nc lude  f i n f i s h  o r  s h e l l f i s h  (Caldwell ,  1 9 8 7 ) .  The 
W i l d l i f e  Branch can i s s u e  permi ts  under o t h e r  p rov i s ions  of t h e  A c t  
t o  a l low f i s h  farmers t o  des t roy  problem w i l d l i f e ,  and has  done s o  
when it i s  apparent  t h a t  o t h e r  p reven t ive  measures have f a i l e d .  
P e n a l t i e s  f o r  o f f e n s e s  under t h i s  A c t  range from $ 1 0 0 . 0 0  t o  
$5000.00. 

A s  mentioned i n  t h e  previous  chap te r ,  t he  f i g u r e s  obta ined  i n  
t h i s  survey probably underest imate  t h e  use of guns on salmon farms, 
a s  there is  some r e l u c t a n c e  t o  d ivu lge  t h i s  t y p e  of in format ion .  
I t  i s  no t  known i f  t h e  respondents  had permi ts  t o  des t roy  problem 
o t t e r .  

5 . 4 . 4  Trapping 

U s e  and e f f e c t i v e n e s s :  Six teen  (23.5%) of t h e  farms surveyed 
used t r a p p i n g  a s  a p r e d a t o r  c o n t r o l  method. Eight  farms set t r a p s  
o r  called i n  t r a p p e r s  w i t h  t he  i n t e n t i o n  of r e l o c a t i n g  problem 
animals; 11 farms ( 3  of which a l s o  c i ted us ing  t r a p s  t o  r e l o c a t e )  
used t h i s  method t o  k i l l  t h e  animal. River o t t e r  were t h e  major 
o b j e c t  a l though 2 farms used t r a p s  s p e c i f i c a l l y  f o r  mink (F igure  
5 - 4 ) .  N o  one r a t e d  t r a p p i n g  t o  r e l o c a t e  as effective a g a i n s t  
o t t e r ,  though 2 found it e l imina ted  problems wi th  mink. Trapping 
t o  k i l l  w a s  r a t e d  effective by  4 of t h e  1 0  o p e r a t o r s  t h a t  used it 
a g a i n s t  o t t e r ;  only 1 respondent t r apped  s p e c i f i c a l l y  t o  k i l l  mink 
and r a t e d  it as h igh ly  e f f e c t i v e .  

Discuss ion:  Trapping i s  r a r e l y  a long-term s o l u t i o n  t o  a 
p r e d a t o r  problem because "it f a i l s  t o  address why t he  animal was 
a t t r a c t e d  t o  t h e  s i t e  i n  t h e  f i rs t  p l ace ,  and does no t  d i scourage  
o t h e r s  of t h e  same s p e c i e s  from caus ing  a d d i t i o n a l  problems i n  t h e  
f u t u r e "  (B.C.  Minis t ry  of Agr i cu l tu re  and Fisheries, 1987:3). I n  
t h i s  survey, t r a p p i n g  appeared t o  be e f f e c t i v e  when a s p e c i f i c ,  
p e r s i s t e n t  animal w a s  removed and no o t h e r s  moved i n t o  i t s  range. 
The respondents  who rated t r a p p i n g  a s  of low o r  no effect  w e r e  
e i ther  unsuccessfu l  i n  ca t ch ing  t h e  problem p r e d a t o r  o r  had o t h e r  
animals move i n  t o  r e p l a c e  t h e  removed animal.  

I n  gene ra l ,  it appears  t h a t  mink were more eas i ly  t r apped  than  
o t t e r .  However, t h e  f a c t  t h a t  s e v e r a l  o p e r a t o r s  who thought t h a t  
t h e y  had a problem w i t h  o t t e r  caught only mink sugges ts  t h a t  i n  
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some cases ,  problems t h a t  a r e  blamed on o t t e r  may a c t u a l l y  be due 
t o  mink. 

Trapping may l e g a l l y  be done only under t h e  a u t h o r i t y  o f  a 
v a l i d  t r a p p i n g  l i c e n c e  o r  w i t h  a permit i s s u e d  under t he  B . C .  
W i l d l i f e  A c t .  A farm ope ra to r  can apply t o  t h e  Minis t ry  of 
Environment and Parks f o r  such a permit  i n  o rde r  t o  remove problem 
animals.  A l t e r n a t i v e l y ,  an ope ra to r  can ask a t r a p p e r  who i s  
l i c e n s e d  f o r  t h a t  a r e a  t o  a s s i s t  i n  removing problem animals dur ing  
t h e  open t r a p p i n g  season (B .C .  Minis t ry  of Agr i cu l tu re  and 
F i s h e r i e s ,  1 9 8 7 ) .  

5 . 4 . 5  Electric fence 

Use and effectiveness: Electr ic  fences were used b y  1 8  (27%)  
of t h e  farms surveyed. I n  a l l  cases ,  t h e  fences  were i n s t a l l e d  t o  
prevent  p reda t ion  by river o t t e r ,  w i t h  mink a l s o  c i ted by a f e w  
farms. Ten of t h e  18 farms found e lectr ic  fences  t o  be h igh ly  o r  
moderately effective a g a i n s t  o t t e r  while  7 found fences t o  have 
l i t t l e  o r  no e f f e c t  on o t t e r  p reda t ion  ac t iv i ty  (Figure 5 -4 ) .  

Discussion: Electric fences  c o n s i s t e d  of  an e lectr i f ied w i r e  
of t h e  type  used i n  p i g  o r  chicken pens, w i t h  power provided by  t he  
local  e lectr ical  s y s t e m  o r  by a c a r  o r  boa t  b a t t e r y .  On some 
si tes,  t h e  wire was a t t ached  t o  t h e  o u t s i d e  of  t h e  walkways ( P l a t e  
5-1) where it would shock any animal t h a t  a t tempts  t o  climb out  of  
t he  water onto t h e  walkway. This  conf igu ra t ion  i s  most effective 
i n  combination w i t h  underwater p reda to r  n e t s  hung from the  o u t s i d e  
of t h e  walkway, which would f o r c e  t h e  o t t e r  t o  g e t  onto t h e  walkway 
from t h e  o u t s i d e  i n  o rde r  t o  ga in  access  t o  t h e  netpens.  The f a c t  
t h a t  t h e  animal would be w e t  wi th  s a l t w a t e r  a t  t h e  t i m e  of con tac t  
would enhance t h e  shock effect .  

A t  2 s i tes,  the  w i r e  was a t t a c h e d  t o  t h e  l o g  f l o a t s  beneath 
the  walkway where it would brush an animal t r y i n g  t o  climb over 
t h e  l o g  when approaching a netpen. A t  o t h e r  si tes,  the  w i r e  was 
a t t ached  t o  t h e  s tanchions  t h a t  supported t h e  n e t  pens, running 
around t h e  n e t  pens themselves r a t h e r  t han  t h e  walkway ( P l a t e  5- 
1 ) .  I n  t h i s  conf igu ra t ion ,  it would touch an animal t h a t  t r i e d  t o  
climb onto t h e  walkway from t h e  i n s i d e  o r  a t tempted t o  jump i n t o  
the  netpen from the  walkway. Another v a r i a t i o n  w a s  t h e  use of 
" r a b b i t  fencing",  which c o n s i s t e d  of an e l e c t r i f i e d  mesh (8x8 c m )  
about 75 c m  high i n s t a l l e d  around the  o u t s i d e  of t h e  walkway ( P l a t e  
5-2) .  

Most of t h e  farms t h a t  r a t e d  e lectr ic  fences e f f e c t i v e  used 
a combination of one l i n e  running around t h e  o u t s i d e  of t h e  
walkways (combined w i t h  underwater p reda to r  n e t s )  and a second l i n e  
around t h e  s tanchions  suppor t ing  t h e  netpens.  The " r a b b i t "  fence 
was rated a s  h igh ly  effective a t  t h e  one s i t e  where it was used. 
Users f e l t  t h a t  i f  i n s t a l l e d  and maintained appropr i a t e ly ,  e l ec t r i c  
fences have t h e  advantage of d e t e r r i n g  t h e  animals without long 
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P l a t e  5-1: Electric f ence  around a salmon farm: l i n e s  around 
ne tpens  (1) and walkways (2) . 

P l a t e  5-2: "Rabbit" e lectr ic  fence on salmon farm. 
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t e r m  harm t o  them. They emphasized t h e  impor t ance  o f  t h i s  method 
as a " t r a i n i n g "  device; i f  it i s  i n s t a l l e d  a t  t h e  s t a r t  o f  
o p e r a t i o n ,  o t t e r  a re  d i s c o u r a g e d  b e f o r e  t h e y  l e a r n  p r e d a t o r y  
b e h a v i o u r  p a t t e r n s .  Several o p e r a t o r s  found t h a t  a f t e r  r u n n i n g  it 
i n i t i a l l y ,  t h e y  c o u l d  leave the  sys t em o f f  f o r  several months a t  
a t i m e ,  t u r n i n g  it back on t o  deter any renewed c u r i o u s i t y  by 
o t t e r s .  

C o s t s  o f  a n  e lec t r ic  f e n c e  sys t em were n o t  p r o h i b i t i v e .  One 
o p e r a t o r  c i ted  a c o s t  o f  $ 1 0 0 . 0 0  f o r  a g e n e r a t o r ,  $ 1 0 0  f o r  a 
b a t t e r y  and  $40-100 f o r  w i r e  and  i n s u l a t o r s ,  depend ing  on how many 
n e t p e n s  a re  b e i n g  e n c i r c l e d .  A s t a n d a r d  b o a t  o r  car b a t t e r y  
r e q u i r e d  r e c h a r g i n g  a b o u t  once  a week. The "rabbi t  f e n c i n g "  sys t em 
was more e x p e n s i v e ,  c o s t i n g  a b o u t  $ 6 0 0 . 0 0  t o  e n c i r c l e  e i g h t  40'x40' 
n e t p e n s .  

To be effective, e lectr ic  f e n c e  sys t ems  must be i n s t a l l e d  s o  
as  t o  encompass a l l  n e t p e n s  and  minimize gaps  i n  t he  e lec t r ica l  
f i e l d  a t  s u c h  places as  e n t r a n c e s  t o  walkways o r  docks .  Regu la r  
main tenance  and  repair  are a l s o  n e c e s s a r y ;  a break o r  s h o r t i n g  a t  
any s p o t  i n  t h e  f e n c e ,  i n  most cases, r e n d e r s  t h e  e n t i r e  f e n c e  
i n e f f e c t i v e .  A major  a d v a n t a g e  o f  t h e  mesh "rabbi t  f e n c e "  i s  t h a t  
it i s  grounded s u c h  t h a t  i f  one  h o r i z o n t a l  w i r e  i s  damaged, t he  
r ema in ing  w i r e s  r e t a i n  c u r r e n t  and  the  rest o f  t h e  f e n c e  i s  s t i l l  
f u n c t i o n a l .  

Respondents  who ra ted e lectr ic  f e n c e s  as h a v i n g  low o r  no 
e f f e c t i v e n e s s ,  o r  who c o n s i d e r e d  u s i n g  them i n  t h e  past  b u t  
rejected t h e  idea, f e l t  t h a t  t h e y  g o t  i n  the  way o r  e a s i l y  b r o k e  
d u r i n g  r o u t i n e  ac t iv i t ies  such  as n e t  c l e a n i n g  o r  i n s t a l l a t i o n .  
Others f e l t  t h a t  e lectr ic  f e n c e s  were t o o  d i f f i c u l t  t o  m a i n t a i n  a t  
s i tes  t h a t  are  s u b j e c t  t o  rough w e a t h e r  o r  s t r o n g  c u r r e n t s  b e c a u s e  
movement i n  the  walkways and  pens  b r o k e  t h e  l i n e s  o r  t h e  s p l a s h i n g  
o f  seawater c a u s e d  s h o r t  c i r c u i t s .  Several o p e r a t o r s  f e l t  f e n c e s  
posed  a h a z a r d  t o  s t a f f  i f  t h e y  f o r g o t  t o  t u r n  t h e  sys t em o f f  
b e f o r e  d i v i n g  o r  d o i n g  o t h e r  w e t  work. One o p e r a t o r  commented t h a t  
e lectr ic  f e n c e s  are v i r t u a l l y  i m p o s s i b l e  t o  u s e  on s teel  pen  
sys t ems  b e c a u s e  o f  the  t e n d e n c y  f o r  t h e  wires t o  t o u c h  t h e  metal 
i n  rough w e a t h e r  and  s h o r t  c i r c u i t .  I t  i s  no tewor thy  t h a t  a l l  t he  
farms v i s i t ed  t h a t  had e lectr ic  f e n c e s  had wooden walkways and  
s t a n c h i o n s .  

5 . 4 . 6  Underwater predator nets  

Use and effectiveness: S i x t e e n  (23.5%) r e s p o n d e n t s  r e p o r t e d  
u s i n g  bag  n e t s  t o  deter r iver o t t e r ,  11 o f  which ra ted them as  
h i g h l y  o r  m o d e r a t e l y  effect ive ( F i g u r e  5-4) . Four  ( 6 % )  r e p o r t e d  
u s i n g  c u r t a i n  n e t s  o f  which 3 ra ted them as h i g h l y  o r  modera t e ly  
effective.  Only 3 farms r e p o r t e d  u s i n g  bag n e t s  t o  deter mink and  
a l l  ra ted it as h i g h l y  effect ive.  
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Discussion: Underwater p reda to r  n e t s  a r e  not  a s  important a 
d e t e r r e n t  a g a i n s t  o t t e r  and mink a s  t h e y  a r e  a g a i n s t  marine 
mammals. However, t o  enhance t h e i r  e f f e c t i v e n e s s  a g a i n s t  
f u r b e a r e r s ,  o p e r a t o r s  should ensure  t h a t  t h e  mesh s i z e  i s  
s u f f i c i e n t l y  small  t o  keep mink from swimming through.  The n e t s  
should be a t t a c h e d  t o  t h e  walkway o r  f l o a t a t i o n  s t r u c t u r e  s o  t h a t  
there a r e  no gaps t h a t  would al low an o t t e r  o r  mink t o  climb 
through. 

5 . 4 . 7  Top nets 

U s e  and ef fect iveness:  A t o t a l  o f  57 farms ( 8 4 % )  used some 
type  of t o p  n e t .  Three c o n f i g u r a t i o n s  were i d e n t i f i e d  i n  t h e  course  
of t h e  survey (F igure  5 -5 ) :  

i) simply hooking the  n e t  t o  t he  t o p  r a i l  border ing  t h e  walkway 
and netpens.  The n e t  i s  suspended by p u l l i n g  it t a u t  over  
t h e  hooks. 

ii) hooking t h e  n e t  t o  t h e  t o p  r a i l  bu t  a l s o  a t t a c h i n g  it wi th  
l a r g e  s t i t c h i n g  o r  t ies  t o  t h e  t o p  of t h e  n e t  pen. 

iii) combining a t o p  n e t  w i t h  a jump n e t  which ex tends  from t h e  
t o p  r a i l  t o  t h e  walkway. 

Thi r ty- four  of t h e . 5 7  farms r e p o r t e d  us ing  t o p  n e t s  a g a i n s t  r iver  
o t t e r  p reda t ion  and 11 a g a i n s t  mink (F igure  5-4) .  Simple hooked 
t o p  n e t s  w e r e  used by  17  of t h e s e  respondents ,  13 used t o p  n e t s  
w i t h  a jump n e t ,  and 4 had t o p  n e t s  sewn down t o  netpens.  Although 
less f r equen t ly  used, t o p  n e t s  t h a t  were sewn down t o  netpens were 
r a t e d  effective by a h ighe r  percentage  of t h e i r  u s e r s  t han  t h e  
o t h e r  two types .  

Discussion: Top n e t s  are t y p i c a l l y  made of large-meshed (1- 
6" stretch) n e t t i n g  suspended h o r i z b n t a l l y  over  n e t  pens.  A s  w e l l  
as keeping out  av ian  p r e d a t o r s ,  t o p  n e t s  a r e  used t o  prevent  
f u r b e a r e r s  from jumping o r  climbing over t h e  w a l l s  and i n t o  t h e  
netpens.  Each of t h e  3 t y p e s  of t o p  n e t s  c o n f i g u r a t i o n s  has  
advantages and disadvantages.  A t o p  n e t  t h a t  i s  simply hooked t o  
u p r i g h t s  can be e a s i l y  l e t  down o r  removed f o r  access ing  the  n e t  
pen, bu t  it l eaves  a gap between t h e  t o p  n e t  and n e t  pen t h a t  may 
be s u f f i c i e n t  t o  l e t  an o t t e r  o r  mink crawl through. Sewing o r  
t y i n g  t h e  t o p  n e t  t o  t h e  n e t  pen s e a l s  t h i s  gap bu t  t h e  sewing o r  
t i e s  must be undone whenever the  pens need t o  be accessed  f o r  
c leaning ,  d iv ing  f o r  dead f i s h ,  etc. Adding a jump n e t  provides  
an e x t r a  n e t  b a r r i e r  between the  walkway and t h e  n e t  pen and does 
no t  get i n  t h e  way of pen maintenance. 

S i ze  and weight of the  mesh may be f a c t o r s  i n  t h e  
e f f e c t i v e n e s s  of t o p  n e t s  a g a i n s t  these animals.  Some o p e r a t o r s  
claim t h a t  bo th  mink and o t t e r  have chewed ho le s  i n  t o p  n e t s .  T h i s  
might be prevented by  us ing  heav ie r  gauge o r  sma l l e r  mesh n e t t i n g .  
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Top net only Top net sewn down TOP & jump net 

Figure 5-5 :  Top n e t  c o n f i g u r a t i o n s  on salmon n e t p e n s .  

5 . 5  Summary 

* River o t t e r  were c o n s i d e r e d  a problem by 63% of  t h e  s i tes  
surveyed  (n=68) .  P r e d a t i o n  was t h e  most common problem ( 4 9 % )  ; 
stress ( 1 6 % )  and damage t o  equipment (18%)  were a l s o  c i t ed .  
O f  t h e  farms surveyed ,  31% r e p o r t e d  l o s i n g  f i s h  t o  p r e d a t i o n  
o r  stress caused  by o t t e r  i n  t he  p a s t  y e a r ,  t h e  c o l l e c t i v e  
t o t a l  l o s s  b e i n g  approximate ly  3 0 , 6 0 0  f i s h .  

* Mink were c o n s i d e r e d  a problem by 1 6 %  o f  the  farms surveyed,  
w i t h  p r e d a t i o n  b e i n g  c i ted  i n  a lmost  a l l  cases. F i s h  l o s s  
due t o  mink p r e d a t i o n  w a s  r e p o r t e d  by 6% o f  t he  farms f o r  a 
c o l l e c t i v e  l o s s  o f  3800 f i s h .  

* Dogs, s h o o t i n g  t o  scare, t o p  n e t s  and e lec t r ic  f e n c e s  were 
c i ted most f r e q u e n t l y  as  methods used  t o  p r e v e n t  p r e d a t i o n  by 
o t t e r  and mink. When comparing r a t i n g s  f o r  each method, t o p  
n e t s  sewn t o  ne tpens  were rated effective by t h e  h ighes t  
p r o p o r t i o n  o f  i t s  u s e r s ,  fo l lowed by o t h e r  t y p e s  o f  t o p  n e t s ,  
bag n e t s  and e lec t r ic  f e n c e s .  
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6. AERIAL BIRDS 

6.1 Distribution and Feeding Habits 
. 

. 

The main species of interest in this survey are: Great Blue 
Heron, Belted Kingfisher, Bald Eagle, and gulls. Osprey and crows 
were also noted occasionally and are mentioned where applicable. 

6.1.1 Great Blue Heron 

Great Blue Herons (Ardea  h e r o d i a s )  are found throughout the 
B.C. coastal area. Normally solitary, these birds congregate in 
colonies during the breeding season (March - July). There are 84 
known colony sites along the coast, the majority of which are found 
along SE Vancouver Island, the southern Gulf Islands and the Fraser 
lowlands (Campbell e t  a l . ,  1989). Herons build their nests in 
trees; up to 40 nests may be situated in a single tree in a colony 
(ibid.). 

Great Blue Herons are most numerous on the coast during the 
summer months when foraging aggregations from nearby colonies may 
approach 300 individuals ( i b i d . )  . In coastal environments, they 
favour eelgrass beds and tidal marshes where they feed on shallow- 
water fish (sculpins, stickleback, shiner perch, flounder, salmon 
fry), crustaceans (ghost and mud shrimp), and marine worms (Verbeek 
and Butler, 1989). They feed from a standing position, capturing 
their prey with a swift plunge of the head and long beak. 

6.1.2 Belted Kingfisher 

The Belted Kingfisher (Megacery l e  a l c y o n )  both breeds and 
winters throughout coastal B.C. (Godfrey, 1979). These birds feed 
primarily on small fish, capturing their prey by diving from the 
air or a perch. They favour elevated perching places such as 
trees, posts or wires that overhang water bodies from’which they 
can search for their prey. 

6.1.3 Bald Eagle 

The Bald Eagle ( H a l i a e e t u s s  l e u c o c e p h a l u s )  is found year-round 
throughout the B.C. coast. Nests are built high in large trees and 
are usually solitary. Bald Eagles feed on carrion as well as 
catching fish, birds and small mammals. Rockfish and ling cod are 
common prey species as are gulls and sea birds in some areas 
(Verbeek and Butler, 1989). Eagles frequent salmon streams during 
spawning season. 

6.1.4 Gulls 

Glaucous-winged Gulls ( L a m s  g l a u c e s c e n s )  occur year-round, 
both breeding and wintering along the B.C. coast. They are 
opportunistic feeders, foraging on refuse around towns and cities 
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and on f i s h  and marine i n v e r t e b r a t e s  i n  less popu la t ed  a r e a s  
( V e r m e e r  and Ydenberg, 1 9 8 9 ) .  Her r ing  G u l l s  (L. argentatus) w i n t e r  
on t h e  B.C.  c o a s t ;  t h e y  are p r i m a r i l y  scavengers ,  g a t h e r i n g  around 
f i s h i n g  vessels, f i s h  p l a n t s  and dumps t o  feed on s c r a p s  and r e f u s e  
(Godfrey, 1 9 7 9 )  . Bonapar te ' s  G u l l s  (L. philadelphia) breed i n  
n o r t h e r n  i n t e r i o r  areas of  wes te rn  Canada and A l a s k a  and w i n t e r  
a l o n g  t h e  s o u t h e r n  B.C. and U.S. c o a s t .  They are most abundant 
a long  t h e  B.C. c o a s t  d u r i n g  s p r i n g  and f a l l  m i g r a t i o n s .  The i r  main 
p rey  are e u p h a u s i i d s  ( i n  u p w e l l i n g s ) ,  amphipods and sma l l  f i s h  
( h e r r i n g  and sandlance ;  V e r m e e r  and Ydenberg, 1989) ;  m i g r a t i n g  
f l o c k s  are p a r t i c u l a r l y  numerous around h e r r i n g  spawning a r e a s  i n  
s p r i n g .  

Campbell et al. (1989) n o t e  d i f f e r e n c e s  i n  t h e  f e e d i n g  
behaviour  o f  Bonapar te ' s  and Glaucous-winged g u l l s  p r e y i n g  on 
salmonid f r y  released from a ha tche ry :  

"The mig ra to ry  Bonaparte '  s g u l l s  o c c u r r e d  i n  t i g h t  
f e e d i n g  a g g r e g a t i o n s  w i t h  peak numbers co r re spond ing  
c l o s e l y  t o  f i s h  d e n s i t y ,  w h i l e  t he  r e s i d e n t  Glaucous- 
winged Gu l l  w a s  d i s t r i b u t e d  i n  l o o s e  f l o c k s  and t h e i r  
numbers d id  n o t  seem t o  bear any direct  r e l a t i o n s h i p  t o  
numbers o f  f ishes . . . .  I n  1980, 8 species o f  p i s c i v o r o u s  
birds  c a p t u r e d  an estimated 300,000-354,000 chinook f r y  
which ranged between 1 0 . 4  t o  12.2% of  t h e  t o t a l  release 
(from t h e  h a t c h e r y ) .  The most e f f i c i e n t  p r e d a t o r  was 
t h e  Bonapar te ' s  Gu l l  which accounted  f o r  8 . 3  t o  9 .9% of 
t h a t  release. 

6 . 2  Frequency of Occurrence Around Salmon Farms Surveyed 

Herons and k i n g f i s h e r s  w e r e  observed  r e g u l a r l y  o r  f r e q u e n t l y  
by  over  5 0 %  o f  t h e  r e sponden t s  over  a l l  s easons  ( F i g u r e  6 - 1 A , B ) .  
O f  t h e  f o u r  spec ie s /g roups ,  Bald Eagles were observed  by t h e  
greatest  number o f  farms b u t  g u l l s  were seen  on a r e g u l a r  bas i s  by 
the  highest  p e r c e n t a g e  o f  farms (F igure  6 - 1 C , D ) .  There were f e w  
d i f f e r e n c e s  i n  t h e  f requency  o f  occur rence  from season  t o  season .  
The Great Blue Heron was the  on ly  species t h a t  d i s p l a y e d  a r e g i o n a l  
d i f f e r e n c e ,  o c c u r r i n g  w i t h  t h e  greatest  f requency  a t  farms i n  t h e  
s o u t h e r n  Vancouver I s l a n d  area which reflects the  c o n c e n t r a t i o n  o f  
heron c o l o n i e s  l o c a t e d  i n  t h i s  r e g i o n .  

6 . 3  Problems Reported by Salmon Farms Surveyed 

6 . 3 . 1  Predation 

Great B lue  Heron: P r e d a t i o n  problems were c i ted  by 51% of  
respondents ,  b u t  on ly  6 (8 .6%) c o n s i d e r e d  it t o  be a s e r i o u s  
problem ( F i g u r e  6 - 2 ) .  Many r e sponden t s  f e l t  t h a t  herons '  a t t e m p t s  
t o  p rey  on penned s t o c k  are l a r g e l y  u n s u c c e s s f u l ,  o r  t h a t  t h e  
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'igure 6-1: Frequency o f  occurrence of a e r i a l  b i r d  spec ie s  
groups a t  s i t es  surveyed (n=68) 

b i rds  were feeding  p r i m a r i l y  on t h e  p i l e  perch and " sh ine r s "  
a t t r a c t e d  t o  netpens b y  excess  f i s h  food. S ix teen  farms (23.5%) 
r epor t ed  a c o l l e c t i v e  l o s s  of approximately 4 2 0 0  f i s h  t o  herons i n  
t h e  l a s t  year;  h a l f  of these cases  involved losses of less than  50 
f i s h  (Figure 6-3) .  The ma jo r i ty  of f i s h  preyed on were smolts  of 
less than  300 g; l o s s e s  of l a r g e r  f i s h  were caused by  wounds 
i n f l i c t e d  by  t he  birds  r a t h e r  than  a c t u a l  takes.  

Herons feed on farm s tock  i n  a v a r i e t y  of ways. They commonly 
s t a n d  on walkways o r  f l o a t s  and s t r ike  a t  f i s h  through n e t  pens.  
S t r i k e  marks on l a r g e r  f i s h  w e r e  f a i r l y  common (Figure 6 - 4 ) .  There 
were a l s o  r e p o r t s  of herons s t and ing  i n  t h e  middle o f  a t o p  n e t ,  
thereby s ink ing  it t o  t h e  s u r f a c e  of t h e  water and al lowing them 
t o  feed on t h e  f i s h  below. This  s t r a t e g y  i s  p a r t i c u l a r l y  
success fu l  i f  t he  t o p  n e t  i s  not  t a u t  o r  i s  suspended t o o  close (<1 
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m )  t o  t h e  s u r f a c e  of t h e  water 
(Ross,  1 9 8 8 ) .  A few o p e r a t o r s  
had observed herons banding 
t o g e t h e r  t o  c o l l e c t i v e l y  weigh 
down a t o p  n e t .  There w a s  one 
observa t ion  of a heron swooping 
down over a netpen and ca t ch ing  
a smolt ,  bu t  such inc idences  a r e  
rare given the  l i m i t e d  open 
space of most n e t  pens and t h e  
presence  of t o p  n e t s  a t  t h e  
ma jo r i ty  of si tes.  

By comparison, 63% of farm 
o p e r a t o r s  t h a t  w e r e  in te rv iewed 
i n  Scot land regarded heron 
p reda t ion  as a problem; a c t u a l  
l o s s e s  o r  damage w e r e  r epor t ed  
by 29% of t he  farms covered by 
q u e s t i o n n a i r e  ( R o s s ,  1988) . 

H won 1 
Klngflsher 

Bald Eagle 

mils 

0% 26% 60% 76% 100% 
% Farms 

P r N e m  rating 

m H l g h  =Low n N o n e  

I 

Figure 6-2: Preda t ion  problems 
w i t h  a e r i a l  b i rds  a t  s i tes  
surveyed (n=68) 

Heron p reda t ion  i s  a l s o  a common problem i n  freshwater h a t c h e r i e s  
(Parkhust et al., 1987) .  

B e l t e d  K i n g f i s h e r :  . As w i t h  
h e r o n s , .  p r e d a t i o n  by king- 
f ishers was r e p o r t e d  by a 
r e l a t i v e l y  h igh  p ropor t ion  of 
respondents  (42 .8%)  bu t  t h e  
ma jo r i ty  considered it no t  t o  
be a s e r i o u s  problem (Figure  6- 
2 ) .  Eleven farms (16%) r e p o r t e d  
l o s s e s  t o t a l l i n g  about 2200 
f i s h ,  a l l  smolts  less t h a n  300 
g (F igure  6-3).  Such l o s s e s  
u s u a l l y  occurred  on unpro tec ted  
n e t  pens.  K ingf i she r s  are cited 
a s  common p r e d a t o r s  around 
f reshwater  f a c i l i t i e s  ( i b i d . )  . 

.......... - .......................... ................................... 
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B a l d  E a g l e :  Preda t ion  by  e a g l e s  Figure 6-3: Numbers of f i s h  l o s t  
w a s  r epor t ed  by 21 .4% of t o  a e r i a l  b i rds  a t  Sites 
respondents  bu t  a l l  ci ted it as surveyed 
no t  s e r i o u s  (F igure  6 - 2 ) .  The 
only  l o s s  of any p ropor t ion  was a t  one farm where e a g l e s  took about 
1 0 0  f i s h  over  t h e  course of a year .  Eagles were very common around 
the  farms bu t  o p e r a t o r s  f e l t  t h a t  most a t t empt s  t o  prey  on t h e  
caged f i s h  were unsuccessfu l  due t o  t h e  l imi ted  space t h a t  n e t  pens 
al low f o r  swooping down and t a k i n g  o f f .  The f e w  f i s h  t h a t  e a g l e s  
t a k e  a r e  t y p i c a l l y  s i c k  and swimming slowly a t  t h e  s u r f a c e .  

Gulls: Preda t ion  b y  g u l l s  was c i ted as a problem by 30% of t h e  
respondents ,  a s e r i o u s  one a t  3 farms ( 4 . 4 % ;  F igure  6 - 2 ) .  O f  t h e s e  
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6 . 4 . 2  Removal methods 

S h o o t i n g  t o  k i l l  a e r i a l  b i rds  w a s  acknowledged b y  4 farms. 
Only 1 rated s h o o t i n g  t o  k i l l  a s  effective; a r a t i n g  was n o t  
i n d i c a t e d  i n  t h e  o t h e r  3 cases. The u s e r s  a l s o  d i d  n o t  i n d i c a t e  
which s p e c i e s  were b e i n g  ta rge t ted .  

The federal  Migratory B i r d s  Convention A c t  p r o t e c t s  c o a s t a l  
m i g r a t o r y  b i r d  species from k i l l i n g  and  h a r a s s m e n t .  P e r m i t s  c a n  
be o b t a i n e d  u n d e r  t h i s  A c t  from the  Canadian  Wi ld l i fe  Service o r  
t h e  B.C .  Wildlife Branch t o  u s e  firearms t o  scare and  k i l l  p roblem 
b i rds .  I n  B . C . ,  t h e  p o l i c y  i s  " t o  i s s u e  scare permits r e l a t i v e l y  
l i b e r a l l y ,  b u t  o n l y  t o  i s s u e  k i l l  permits a f t e r  it has been  
established t h a t  b o t h  scare methods a n d  p r e d a t o r  n e t s  are 
i n e f f e c t i v e "  ( C a l d w e l l ,  1 9 8 7 : 3 3 ) .  P e n a l t i e s  f o r  c o n t r a v e n i n g  t h e  
A c t  r a n g e  from $10.00 t o  $ 3 0 0 . 0 0 ;  t h e s e  p e n a l i t e s  are u n d e r  review 
( i b i d . ) .  

6 . 4 . 3  Exclusion methods 

Top n e t s  o f  some c o n f i g u r a t i o n  w e r e  u s e d  a g a i n s t  b i rds  a t  5 0  
( 7 4 % )  o f  t h e  farms s u r v e y e d .  Top n e t s  a l o n e  w e r e  u s e d  a t  2 6  (38%) 
f a r m s ,  o f  which 22 (85%) ra ted them h igh ly  o r  m o d e r a t e l y  effective 
i n  e l i m i n a t i n g  problems w i t h  a e r i a l  p r e d a t o r s .  Top n e t s  w i t h  jump 
n e t s  were u s e d  by  1 9  (28%) r e s p o n d e n t s ,  17 (89%) o f  which rated 
them h i g h l y  o r  m o d e r a t e l y  effective.  Top n e t s  t h a t  were sewn down 
t o  n e t  p e n s  were u s e d  a t  5 (7%)  farms, a l l  o f  which ra ted them t o  
be h i g h l y  effective.  Overhead s t r i n g s  o r  w i r e s  w e r e  u s e d  a t  9 
(13%) farms and  were ra ted  effective by 7 o f  them. Two s i tes  had 
i n s t a l l e d  t a r p a u l i n  c o v e r s  t o  p r o v i d e  s h a d e  o v e r  s m o l t  pens ,  and  
found them i n c i d e n t a l l y  u s e f u l  a g a i n s t  b i rd  p r e d a t i o n .  

Besides e x c l u d i n g  b i rds  from t h e  a i r ,  a f e w  farms t o o k  e x t r a  
measu res  t o  p r e v e n t  h e r o n s  from p r e y i n g  from walkways. I n  a d d i t i o n  
t o  jump n e t s ,  low b o a r d s  a round  the  n e t  pen  frames c a n  p r e v e n t  
h e r o n s  from a t t e m p t i n g  t o  spear f i s h  t h r o u g h  t h e  n e t p e n  mesh. One 
farm a l s o  created a grea te r  d i s t a n c e  be tween t h e  n e t p e n  and  t h e  
walkway by " w a i s t i n g "  t h e  n e t p e n  - c i n c h i n g  it i n  s l i g h t l y  a t  t h e  
water's s u r f a c e  - s o  as t o  d i s c o u r a g e  h e r o n  p r e d a t i o n  from walkways 
and  f l o a t s .  

Top n e t s  o r  s c r e e n s  a n d  ove rhead  w i r e s  are commonly u s e d  a t  
freshwater hatcheries and  r e a r i n g  f a c i l i t i e s ,  a l o n g  w i t h  perimeter 
f e n c e s  (Meyer, 1981; M a r t i n ,  1982; P a r k h u r s t  et al., 1987; 
Beveridge, 1 9 8 7 ) .  I n  t h e  case o f  ove rhead  s t r i n g s  o r  wires, a 
s p a c i n g  o f  30-50 c m  w a s  found t o  be effect ive i n  e x c l u d i n g  most 
g u l l s  and  b i rds  o f  p r e y  (Quebec  Dept. o f  R e c r e a t i o n ,  1 9 8 7 ) .  
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6 . 5  Summary 

* O f  t h e  a e r i a l  b i rds ,  Great Blue Herons caused t h e  h ighes t  
frequency of problems around t h e  farms surveyed. Preda t ion  
by  herons was r epor t ed  by 51% of t h e  respondents ( n = 6 8 ) ,  bu t  
only 8 . 6 %  considered it t o  be a s e r i o u s  problem. 23.5% of the  
farms r epor t ed  l o s s e s  t o  herons t o t a l l i n g  about 4 2 0 0  f i s h  over 
t h e  previous  year ,  most of  which were smol t s .  

* Preda t ion  by Bel ted Kingf i shers  was r epor t ed  b y  4 3 %  o f  
respondents,  bu t  only 2% r a t e d  it a s  a s e r i o u s  problem. 1 6 %  
repor t ed  l o s s e s  t o t a l l i n g  some 2200 smolts  over t h e  prev ious  
year .  Gull  p reda t ion  was c i t e d  by 30% of respondents  and 
r a t e d  a s  a s e r i o u s  problem by 4 . 4 % ;  a c o l l e c t i v e  loss of 850 
smolts  over t h e  l a s t  year  was r epor t ed .  The absence of t o p  
n e t s  was a common t r a i t  among farms t h a t  experienced these 
p reda t ion  problems w i t h  g u l l s  and k i n g f i s h e r s .  

* Predat ion  b y  e a g l e s  w a s  r epor t ed  by 2 1 . 4 %  of respondents  bu t  
a l l  rated it a s  minor. 

* Top n e t s  w e r e  t h e  most f r e q u e n t l y  cited and most h igh ly  r a t e d  
method f o r  p reven t ing  p r e d a t i o n  by  a e r i a l  p r e d a t o r s .  Overhead 
s t r i n g s  o r  w i r e s  were a l s o  used wi th  cons ide rab le  
e f f e c t i v e n e s s .  Dogs and shoot ing  were a l s o  used bu t  were r a t e d  
e f f e c t i v e  by  fewer respondents .  

* Entanglement of k i n g f i s h e r s  and herons was r epor t ed  by 1 0  and 
1 2 . 8 %  of t he  farms surveyed r e s p e c t i v e l y .  The ma jo r i ty  
involved t o p  n e t s  o r  p r e d a t o r  n e t s  and most r e s u l t e d  i n  
cap tu re  and r e l e a s e  of t h e  birds .  
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7.  DIVING AND DABBLING BIRDS 

7 . 1  Distribution and Feeding Habits 

The main b i r d  groups  o f  i n t e r e s t  t o  t h i s  su rvey  a re  
cormorants ,  grebes, loons ,  d i v i n g  ducks,  dabblers and a l c ids .  I n  
g e n e r a l ,  most o f  t he  species are  found i n  g r e a t e s t  abundance on 
t h e  c o a s t  i n  w i n t e r  and d u r i n g  s p r i n g  and f a l l  m i g r a t i o n s ;  on ly  2 
s p e c i e s  o f  cormorants  and 2 a lc ids  breed a l o n g  t h e  c o a s t  i n  areas 
o v e r l a p p i n g  salmon farms (Table 7 -1 ) .  Cormorants,  grebes, and 
l o o n s  feed p r i m a r i l y  on small f i s h ;  h e r r i n g  form a major  p e r c e n t a g e  
o f  t h e i r  d i e t .  O f  t h e  d i v i n g  ducks (Table 7-1) , mergansers  are  the  
on ly  species t h a t  feed a lmost  e x c l u s i v e l y  on small f i s h .  Barrow's 
and Common Goldeneye and Buff lehead ,  o f t e n  referred t o  as  "bay'' 
ducks because  t h e y  occur  predominant ly  i n  bays  and sheltered 
waters, feed most ly  on s u b t i d a l  i n v e r t e b r a t e s ;  mussels ,  s n a i l s ,  and 
h e r r i n g  eggs ( V e r m e e r  and Ydenberg, 1 9 8 9 ) .  The "sea" ducks ( S c o t e r  
sp. ,  Oldsquaw and Har l equ in  ducks)  occur  i n  more open waters and 
feed predominant ly  on bivalves, b u t  a l s o  s n a i l s ,  h e r r i n g  eggs and 
crabs ( i b i d . ) .  A l c i d s  feed on small f i s h  and large zooplankton .  
Dabblers feed on marine p l a n t s  and h e r r i n g  eggs. 

7 .2  Frequency of Occurrence Around Salmon Farms 

Of t h e s e  b i r d  groups ,  d i v i n g  ducks had the  h i g h e s t  f requency  
of occur rence  year-round among t h e  farms surveyed  ( F i g u r e  7 - 1 ) .  
Most d i v i n g  b i rd  groups  o c c u r r e d  more f r e q u e n t l y  i n  w i n t e r  and 
s p r i n g .  Farms i n  t he  s o u t h e r n  Vancouver I s l a n d  r e g i o n  had the  
h ighes t  p e r c e n t a g e  o f  r e sponden t s  (n=7) r e p o r t i n g  d i v i n g  b i rds  
around t h e i r  farms. I n  t h e  o t h e r  3 r e g i o n s ,  cormorants ,  
g r e b e s / l o o n s  and d i v i n g  ducks were obse rved  by a t  l eas t  5 0 %  of  t he  
r e sponden t s .  Dabblers w e r e  g e n e r a l l y  i n f r e q u e n t l y  seen  around t h e  
farms. 

While some o f  t h e  b i rds  may have been i n t e r e s t e d  i n  t h e  farm 
f i s h ,  many appeared  t o  be a t t r ac t ed  t o  t h e  small f i s h  t h a t  
c o n c e n t r a t e  around salmon farm n e t p e n s  f e e d i n g  on t h e  e x c e s s  f i s h  
food.  Other species (e.g. ,  S c o t e r s )  fed on musse ls  growing on n e t s  
and o t h e r  farm s t r u c t u r e s ,  an  a c t i v i t y  which farm o p e r a t o r s  
regarded as b e n e f i c i a l  i n  t h a t  it reduced  f o u l i n g .  

7 . 3  Problems Reported by Salmon Farms Surveyed 

7 . 3 . 1  Predation 

O f  t h e  d i v i n g  b i rds ,  cormorants  w e r e  c i t ed  most f r e q u e n t l y  as 
a t t e m p t i n g  t o  p r e y  on farm f i s h ;  1 2  farms (17%)  r e p o r t e d  p r e d a t i o n  
problems w i t h  these birds ,  2 rated it as severe. The f r e q u e n c i e s  
o f  p r e d a t i o n  problems w i t h  t h e  o t h e r  b i r d  groups  w e r e  a l l  low and 
none were c o n s i d e r e d  s e r i o u s  ( F i g u r e  7 - 2 ) .  Diving b i rds  may 
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~~ 

RESIDENT SPRING WINTER SUMMER FEEDING FOOD 
/FALL DEPTH 

CORMORANTS : 
Double-crested C-VA 
Pelagic C-VA 
Brandt I s - 

GREBES : 
Western - 
Red-necked - 
Horned - 

LOONS : 
Common - 
Pacific - 
Red-throated - 

DIVING DUCKS: 
Harlequin - 
Oldsquaw - 
Surf/white-winged Scoter 
Bufflehead, Goldeneye sp. 
Red-breasted Merganser 
Common Merganser - 

DABBLERS : 
American Widgeon - 
Green-winged Teal - 
Ma 11 a rd - 

ALCIDS : 
Common Murre - 
Pigeon Guillemot fC-A 
Marbled Murrelet vC-A 
Ancient Murrelet - 
Rhinoceros Auklet - 

- 
- 

C-VA 

C-VA 
vC-A 
c-vc 

f c-vc 
A 
c-vc 

C 
u-vc 
C-VA 
f C-A 
vC-A 
A 

A-VA 
VA 
A-VA 

vC-A - 
- 
C-A 
C 

- 
- 

C-VA 

VA 
C 
c-vc 

u-c 
A 
vc 

C 
u-vc 
A-VA 
f C-A 
C-A 
vC-VA 

A-VA 
VA 
A-VA 

vC-VA - 
- 
R 
R 

- 
- 
- 

c-vc 
R-fC 
R 

U-fC - 
- 

C 
vR-U 
C-A 
R 
U 

c-vc 

- 
- - 

- - 
vC-A 

vC-A 
- 

1-6m 
11 

I1 

> 6m 
11 

It 

> 6m 
I1 

11 

> 6m 
I1 

11 

I1 

11 

I1 

0-. 5m 
I t  

I1 

> 6m 
11 

II 

I t  

11 

ABUNDANCE: VA - very abundant (>1000) FOOD: F - fish 
(#birds/day A - abundant (200-1000) 
/site) VC - very common (50-100) 

fC - fairly common (7-20) 
C - common (20-50) 
U - uncommon (1-6) 
R - rare 

H - herring eggs 
S - salmon carcass/eggs 
sB - subtidal bottom 
M P  - marine plants 
P - large zooplankton 

!able 7-1: Abundance and f e e d i n g  habi ts  of  diving and d a b b l i n g  
b i rds  i n  the  s t u d y  area ( s o u r c e s :  A i n l e y  and S a n g e r ,  1979; 
V e r m e e r  a n d  Ydenberg, 1989; Campbell et al., 1 9 8 9 ) .  
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Figure 7-1: Frequency o f  o c c u r r e n c e  of d i v i n g  b i rds  and d a b b l i n g  
ducks  a t  farms su rveyed  (n=68) 
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attempt to spear or strike at fish through the sides of netpens; 
distinctive puncture wounds were observed on fish by several 
operators (Figure 6-4). The birds are usually prevented from 
retrieving the fish by the small mesh size of the netpen. 

Four farms reported actual 
losses of fish to diving birds; 
cormorants, diving ducks, alcids 
and diving birds (collectively) 
were identified as the 
predators. Altogether these 
farms lost about 400 fish to 
these birds over the last year. 

Farms in Scotland 
apparently experience a higher 
incidence of cormorant 
predation. 59% of farms 
interviewed in Scotland cited 
predation by cormorants 
(Phalacrorax carbo) and 52% cite 

a r i s t o t e l i s )  (Ross, 1988). 
Attacks were reported as usually 
beinq frequent and persistent. 

predation by shags (P 

Cormorants 

Grebes/Loons 

Diving ducks 

Dabblers 1 . 1 
Aldds 1 'i 

I 1 

0% 26% 60% 76% 100% 
'Is Farm 

Problem rating 

m H l g h   LOW =None 

I 
F i g u r e  7-2: Predation problems 
with diving birds at farms 
surveyed (n=68) 

Cars; (19-88) found, however, 
that while cormorants may attack caged fish, shags (a smaller 
cormorant species) rarely do but rather feed on the small fish 
around the net pens. 

7.3.2 Entanglement 

Diving ducks were most I - 
frequently cited as becoming 
entangled in underwater predator 
nets; 7 farms reported 
entanglement of these birds, 1 
rated it as a serious problem. 
Three respondents reported 
entanglement of cormorants, 2 
reported grebes/loons and 1 
reported alcids (Figure 7 - 3 ) .  

The incidence of 
entanglement of diving birds at 
the farms surveyed is low in 
comparison to commercial net 
fisheries, particularly the gill 
net fishery . The same 
characteristics that make gill 
netting an ideal mechanism for 
catching fish are responsible 

Cormorants I [  
Grebes/Loons 

Diving ducks 
I 

I, I 

Aldds I /  
1 

0% 26% 60% 76% 100% 
95 Farms 

Problem ratlng 

m H l g h   LOW n N o n e  

I 
Figure 7-3: Entanglement of 
diving birds at farms surveyed 
(n=68) 
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for the high incidence of entanglement of marine mammals and birds 
(O'Hara et al., 1986). Gill netting is clear, hence difficult to 
see, and its large mesh size (10-13 cm) and fine monofilament 
construction tends to cling and tangle easily on contact. Notably, 
none of the farms surveyed used similar net material in underwater 
predator nets, and it should be avoided on fish farms. 

Entanglement of cormorants and shags (related to cormorants) 
is a frequent occurrence in Scotland. Approximately 470 of these 
birds were entangled yearly by 32 farms (68% of farms surveyed by 
ROSS, 1988). Extrapolating these figures to the 157 farms operating 
in Scotland, total annual mortalities may be in the order of 2050 
birds (Ross, 1988). 

7 . 4  Methods Used to Deal with Problems (Figure 7-4) 

7 . 4 . 1  Harassment measures 

Dogs were reported being used to scare diving birds by 17 
respondents of which 11 (62%) found them to be highly or moderately 
effective. Seven farms (10%) used guns to scare off birds; 3 rated 
this method as effective. 

dog 

gun - to scare 

gun - to klll 

dbLbottom net 

bag net 

top net (only) 

top + Jump net 

top net sewn 

1 

0% 10% 20% 30% 
% Farms 

Effectiveness ratlng: 

Hlgh Medium Low c] None Not stated 

'igure 7-4: Use and effectiveness of predator prevention methods 
against diving birds (n=68) 
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7.4.2 Removal measures 

Shooting t o  k i l l  d i v i n g  b i rds  was r epor t ed  by 4 respondents ,  
bu t  only 1 r a t e d  it a s  h igh ly  e f f e c t i v e  i n  terms o f  e l i m i n a t i n g  
t h e s e  p r e d a t o r s .  A s  with  a e r i a l  b i rds ,  most d iv ing  b i rds  a r e  
p r o t e c t e d  under t h e  f e d e r a l  Migratory B i r d s  Convention A c t ;  a 
permit  i s  r equ i r ed  t o  remove o r  shoot  b i r d s  f o r  t h e  purpose of 
p r o t e c t i n g  farm s tock .  

7.4.3 Exclusion measures 

Bag n e t s  were cited by 1 2  farms a s  a means of excluding d iv ing  
b i r d s  from n e t  pens, a l l  of which r a t e d  t h i s  method a s  h igh ly  o r  
moderately effective.  Double bottom n e t s  w e r e  i n d i c a t e d  b y  2 
respondents  a s  moderately effective a g a i n s t  these p r e d a t o r s .  
Eleven farms i n d i c a t e d  some form of t o p  n e t  a s  an exc lus ion  method 
a g a i n s t  d i v i n g  birds,  presumably t o  prevent  the  b i rds  from f l y i n g  
i n t o  t h e  netpens.  

7.5 Summary 

* Preda t ion  by d i v i n g  birds  was cited by 21% of t h e  farms 
surveyed. The ma jo r i ty  involved cormorants, and most farms 
cons idered  it not  t o  be a s e r i o u s  problem. 

* of the farms surveyed r epor t ed  having d i v i n g  b i rds  
en tangled  i n  underwater p r e d a t o r  n e t s  o r  netpens.  Only 1 farm 
cons idered  it a s e r i o u s  problem. 

* Bag n e t s  were cited most f r e q u e n t l y  as be ing  e f f e c t i v e  a g a i n s t  
p reda t ion  by  d i v i n g  b i rds .  Dogs w e r e  a l s o  considered 
effective by  a ma jo r i ty  of t h e  respondents  t h a t  used them. 



5 9  

8. CONCLUSIONS AND RECOMMENDATIONS 

8.1 Frequency of Occurrence of Wildlife 

Most of the wildlife species or groups covered in the 
questionnaire occurred at the salmon farms surveyed. Whether 
numbers increased or decreased with farm establishment could not 
be conclusively determined. The results indicate that farms 
attract a variety of wildlife species, many of which pose a threat 
to these operations (e.g., seals, river otter). Some of the anti- 
predator measures taken to counteract problems caused by wildlife 
could lead to a net decline in local wildlife populations, either 
through destroying the animals or by permanently displacing them 
from traditional habitat areas. Whether this is detrimental to the 
long-term survival of these populations depends on the availability 
of other useable habitat to them. Where a species' activities 
around a farm is not considered to be a threat (e.g., bald eagles), 
salmon farms may augment food sources for wildlife and thereby 
enhance local populations. 

A final consideration is 
whether salmon farms, by their 
presence alone, disrupt 
wildlife's use of coastal areas 
for important activities like 
breeding, resting or staging. 
This requires knowledge of the 
location of such areas relative 
to salmon farms and study of the 
numbers and activities of 
relevant species before and 
after the establishment of 
farming operations. 

8.2 Farm Losses to Wildlife 

River otter, seals, mink, 

Unspecified I (4) ; 
0 1 2 3 4 6 

Total no. iiah lost (Thousands) 

'igure 8-1: Total number of fish 
sealions and herons caused loit to wildlife. Numbers in 
predation problems most parentheses indicate the number 
frequently, with otter and seal of sites that reported losses. 
predation being reported as 
serious by the highest 
proportion of respondents (Figure 3-9). Total losses to predation 
by all wildlife for the year prior to the survey were in the order 
of 105,000 fish, with seals and otter accouunting for 58,000 and 
30,600 respectively (Figure 8-1) . In addition, some 44,000 fish 
were lost through holes in netpens created by seals, sealions or 
river otter. Assuming that the sites covered in the survey 
represent 60% of the farms in B.C., total losses in the industry 
over the last year could be 147,000 to predation and 61,600 to 
escapement caused by wildlife. These figures represent about 1.5% 



litag
against



litag
Top



62 

number of f i s h  s tocked o r  t h e  
g r e a t e r  a r e a  t h a t  t h e y  occupy. 

T y p e s  of netpens:  Galvanized 
s teel  pen systems had the  lowest 
inc idence  of s e r i o u s  p reda t ion  
problems w i t h  s e a l s  and o t t e r  
(F igure  8-5A). Being g e n e r a l l y  
s t u r d i e r ,  s teel  pens may main ta in  
a space between underwater p r e d a t o r  
n e t s  and netpens better than  o t h e r  
t y p e s  of netpen sys t ems ,  t he reby  
provid ing  a more effective 
d e t e r r e n t  t o  s e a l s ,  sea l i o n s  and 
o t t e r .  S imi l a r ly ,  farms t h a t  used 
PVC pens ( "po la r  circles") a s  t h e i r  
p r i m a r y t y p e  of netpen had somewhat 
h ighe r  f requencies  of p reda t ion  
problems wi th  herons (F igure  8-5B) . 
The p o s i t i o n  o f  f l o a t s  and r a i l s  
on PVC pens may provide better 
vantage p o i n t s  f o r  these birds  t h a n  
t h e  o t h e r  t y p e s  of pens.  

F i s h  r a i s e d :  Farms r a i s i n g  
s t e e l h e a d  had a s l i g h t l y  h ighe r  
frequency of p reda t ion  problems 
w i t h  s e a l s ,  s ea  l i o n s  and o t t e r ,  
and farms r a i s i n g  coho had t h e  
lowest frequency of  problems w i t h  
such p reda t ion  (F igure  8 - 6 ) .  A few 
o p e r a t o r s  suggested t h a t  t he  
tendency f o r  s t e e l h e a d  t o  feed a t  
t h e  s u r f a c e  and f o r  A t l a n t i c  salmon 
t o  be more d o c i l e  t han  Coho and 
Chinook salmon may make t h e s e  
s p e c i e s  morevulnerable  t o  p r e d a t o r  
a t t a c k s ,  bu t  t h i s  con jec tu re  w a s  

n-24 n-24 n-10 P l O  

20-40 4o-00 ,Bo 
Farm slze (thousands cub.mters) 

Problem ratlng 
=High N L o w  =No poblern 

I 

Figure 8-4: Farm s i z e  v s .  
p reda t ion  problems ( s e a l s )  

(A) Otter 

All steel All wo "- 
woad awed steel 

(e) H e m  

Size  of f i s h  w a s  a f a c t o r  i n  t h e  t y p e  of p r e d a t o r  a t t r a c t e d .  
Smolts under 300 g were ha rdes t  h i t  by a e r i a l  b i rds  (F igure  8 - 7 ) ,  
i n d i c a t i n g  the  importance of p r o t e c t i n g  smolt pens from t h e  a i r .  
O t t e r  favoured salmon i n  t he  0 .5-1  kg  range, wh i l e  s e a l s  p r e f e r r e d  
s l i g h t l y  l a r g e r  f i s h .  
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surveyed 

The t i m e  of year  had some bear ing  on the  level of i n t e r e s t  
and a c t i v i t y  of some p r e d a t o r s .  For example, s e v e r a l  ope ra to r s  
noted t h a t  s e a l s  occur more f r equen t ly  and seem t o  be more 
i n t e r e s t e d  i n  penned salmon dur ing  t h e  win te r .  Ross (1988)  
sugges ts  t h a t  seals may be e s p e c i a l l y  a t t r a c t e d  t o  farm f i s h  i n  
win ter  because inshore  w i l d  f i s h  s tocks  a r e  lower, o r  because f i s h  
put  i n  cages i n  t h e  s p r i n g  w i l l  have a t t a i n e d  an a t t r a c t i v e  s i z e  
by t h e  fol lowing win te r .  Winter storms may a l s o  drive s e a l s  i n t o  
more sheltered a r e a s  where salmon farms are located. 

Large f l o c k s  of migra t ing  Bonaparte 's  g u l l s  occurred i n  t h e  
s p r i n g  a t  a number of farms. They preyed on the  newly r e l e a s e d  
smolts  and could be a s e r i o u s  problem a t  s i tes  t h a t  d id  not  have 
t o p  n e t s  over their  smolt pens.  

8 . 5 . 3  Proximity to  colonies o r  concentrations 

Nearby seal haulouts  w e r e  po in ted  out  by  ope ra to r s  a t  3 farm 
s i tes ;  a l l  3 experienced s e r i o u s  s e a l  p reda t ion  problems. Sea l i o n  
haulouts ,  rooke r i e s  and win te r ing  s i tes  are d i s t r i b u t e d  throughout 
t h e  a r e a s  be ing  developed f o r  salmon farming (Figure 8 - 8 ) .  Seal 
haulout  information has been ga thered  f o r  some c o a s t a l  a r e a s  
(Figure 8 - 9 ) .  T h i s  information demonstrates t h e  need t o  determine 
the  l o c a t i o n  o f  these si tes,  t h e  s i z e  of popula t ions  t h e y  support ,  
and t o  a s c e r t a i n  t h e i r  importance i n  maintaining B . C . ' s  seal and 
sea  l i o n  popula t ions  when planning and approving t h e  l o c a t i o n  of 
salmon farms. 
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8.5.5 Entanglement: mesh size and colour 

Mesh s i z e  and v i s i b i l i t y  of  t o p  n e t s  appear t o  be t h e  major 
f a c t o r s  i n  entanglement.  Top n e t s  a t  most s i tes were cons t ruc t ed  
of  medium gauge (210/35-48) nylon 3-4" stretch mesh (F igure  8 - 1 1 ) .  
Farms t h a t  used mesh s i z e s  g r e a t e r  t han  3" experienced entanglement 
problems more f r equen t ly  than  farms t h a t  used smaller mesh s i zes  
(F igure  8 - 1 2 ) ,  p a r t i c u l a r l y  w i t h  k i n g f i s h e r s .  

The ma jo r i ty  of t o p  n e t s  w e r e  black, a l though b lue ,  green, 
wh i t e  o r  orange w e r e  a l s o  used. A f e w  o p e r a t o r s  t h a t  u sed  b lack  
t o p  n e t s  e l imina ted  entanglement problems by t y i n g  orange survey 
t a p e  t o  o r  running co lo red  rope through t h e  t o p  n e t  t o  make it more 
v i s ib l e .  Another farm repor t ed  t h a t  entanglement problems w i t h  
b i rds  s topped when they  rep laced  the i r  b lack  t o p  n e t  w i t h  an orange 
one; a green t o p  n e t  r e s u l t e d  i n  i n c r e a s e s  i n  t h e  inc idence  of 
entanglement.  
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In terms of entanglement of diving birds in underwater 
predator nets, mesh colour did not appear to affect the frequency 
with which problems occurred, perhaps because the colour of 
underwater nets is quickly obscured by foulants. Mesh size did 
appear to affect the frequency of entanglement. Of 8 farms with 
predator nets of less than 4" mesh, 25% reported entanglement of 
diving birds whereas 33% of 12 farms using nets with mesh greater 
than 4 "  cited entanglement. However, data on predator net 
characteristics was reported by only 20 farms; a larger sample size 
is needed to assess the effect of these characteristics on bird 
entanglement. 

. 
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8 . 6  

* 

* 

* 

* 

* 

* 

Recommendations 

The location of seal and sea lion rookeries, haulouts and 
wintering sites should be taken into account in the planning 
and approval of farm sites. From the farm operators' 
perspective, sites that are within 1-2 km of an identified 
haulout site should be viewed with caution, particuularlywith 
seals which inhabit their haulouts year-round. From the 
perspective of protecting seals and sea lions, it is necessary 
to weigh the importance of these sites to the maintenance of 
local marine mammal populations, and to make decisions 
regarding the future of these populations before other uses 
of coastal resources are allowed to be develop. 

Similarly, the proximity of colonies or concentrations of 
marine birds is an important consideration in the planning, 
approval and establishment of salmon farms. Where farms are 
already operating close to bird colonies, the types of 
predator prevention measures that are necessary to avoid 
negative interactions with these birds need to be considered. 

Anti-predation methods should be considered first as 
preventive measures and only secondarily as cures to problems 
once they have already arisen. Exclusion measures such as 
predator nets, top nets and electric fences should be 
installed right from the start of farming operations, 
preventing potential predators from learning of potential food 
sources and developing predatory behaviour patterns around the 
farm. 

Virtually all predator prevention methods require attention 
and resources to keep them in good operating condition. When 
considering the use of any given predator prevention method, 
the potential benefits have to be weighed against its costs, 
but it is foolhardy to pay the initial costs only to be 
negligent in the proper installation and maintenance of the 
measure. 

Good husbandry techniques taken in the interests of the health 
of farm fish are also good predator prevention measures. 
Removing morts from netpens and from the sites and keeping 
fish food in sealed containers are measures that reduce the 
attraction of the site to wildlife and thereby reduces the 
chance of negative interactions. 

S e a l s  and sea  l i o n s :  

Bag nets and double bottomed nets provide the most effective 
protection against seals and seal lions. Curtain nets 
combined with double bottomed netpens may provide an 
alternative to bag nets that are easier to maintain. 
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* Harassment measures  such  as sea l  bombs and s h o o t i n g  appea r  t o  
be most effect ive i f  used  b e f o r e  t h e  an ima l s  have developed  
a permanent i n t e r e s t  i n  t he  s i t e .  Underwater a c o u s t i c s  may 
i n i t i a l l y  be effective,  b u t  there i s  ev idence  t h a t  t h e i r  

Thei r  e f f e c t i v e n e s s  d i m i n i s h e s  a f t e r  2-3 years  o f  u se .  
e f f e c t i v e n e s s  may be extended ,  however, i f  u sed  i n  combinat ion 
w i t h  p h y s i c a l  bar r ie rs  o r  measures  t h a t  p r o v i d e  n e g a t i v e  
r e i n f o r c e m e n t s  t o  t h e  a c o u s t i c a l  s i g n a l .  

R i v e r  otter and mink: 

* Top n e t s  o r  a combinat ion o f  t o p  n e t s  and jump n e t s  are 
effective d e t e r r e n t s  t o  r iver  o t t e r  and mink. There shou ld  
be no gaps between the  t o p  n e t s  and ne tpens ,  and the  t o p  n e t s  
s h o u l d  be free o f  h o l e s  t h a t  these an ima l s  c o u l d  e x t e n d  o r  
t h r o u g h  which t h e y  c o u l d  crawl.  

* Elec t r ic  f e n c e s  are a l s o  v e r y  u s e f u l  i f  p r o p e r l y  i n s t a l l e d  
and ma in ta ined .  Running l i n e s  around t h e  o u t s i d e  of walkways 
( i n  combinat ion w i t h  underwater  p r e d a t o r  n e t s )  and around the  
s t a n c h i o n s  s u p p o r t i n g  the  n e t p e n s  a p p e a r s  t o  be an  effective 
c o n f i g u r a t i o n .  The u s e  o f  " rabbi t"  f e n c i n g  a l s o  a p p e a r s  
u s e f u l  b u t  w i d e r  a p p l i c a t i o n  i s  r e q u i r e d  b e f o r e  c o n c l u s i o n s  
can  be drawn. . 

* Dogs are u s e f u l  a g a i n s t  mink and o t h e r  small mammals, b u t  are 
less s o  a g a i n s t  o t t e r .  

Aerial b i r d s :  

* Top n e t s  o r  s imi la r  overhead s t r u c t u r e s  are  t h e  most impor t an t  
method f o r  p r e v e n t i n g  p r e d a t i o n  by ae r i a l  b i rds .  They are 
p a r t i c u l a r l y  c r u c i a l  ove r  smol t  pens,  where t h e y  shou ld  be 
made o f  3" mesh o r  smaller t o  p r e v e n t  Belted K i n g f i s h e r s  from 
f l y i n g  th rough  and d i s c o u r a g e  Great Blue Herons from poking 
t h e i r  beaks t h r o u g h  the  mesh. Top n e t s  s h o u l d  a l s o  be kep t  
t a u t  and w e l l  above the  water s u r f a c e  (>1 m) t o  s t o p  he rons  
from walk ing  on them and weighing them down t o  feed on the  
f i s h  below. Overhead wires, t w i n e  o r  r o p e s  w i t h  a s p a c i n g  of 
about  0 .5 -1  m are p robab ly  s u f f i c i e n t  t o  p r o t e c t  pens  w i t h  
l a rger  f i s h  from eagles, osp rey  o r  o t h e r  b i rds  o f  p r e y .  

* B r i g h t l y  c o l o u r e d  t o p  n e t s  are more v i s ib le  t o  birds  and 
r educe  en tanglement  problems.  Hanging orange  su rvey  t a p e  from 
t o p  n e t s  o r  overhead w i r e s  o r  weaving c o l o u r e d  rope  th rough  
t o p  n e t s  w i l l  a l s o  i n c r e a s e  t h e i r  v i s i b i l i t y .  

* T h e  arrangement  o f  walkways and f i s h  feeders re la t ive  t o  
n e t p e n s  can  p r o v i d e  p e r c h e s  and p l a t f o r m s  f o r  b i rds  from which 
t o  feed. Jump n e t s  o r  low boa rds  around the n e t  pen frames, 
o r  suspending  n e t  pens  s o  t h a t  t h e y  are a greater d i s t a n c e  
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f rom t h e  walkway, c a n  d i s c o u r a g e  h e r o n s  from f e e d i n g  from 
walkways.  

D i v i n g  b i r d s :  

* Underwater  p r e d a t o r  n e t s  (bag o r  c u r t a i n  n e t s )  are  t h e  most 
effective means o f  p r e v e n t i n g  p r e d a t i o n  o r  s l a s h i n g  o f  penned  
s t o c k  by  d i v i n g  b i rds .  

* Dogs are a l s o  m o d e r a t e l y  effect ive.  

* The i n c i d e n c e  of  b i r d  e n t a n g l e m e n t  may be affected by  t h e  s i z e  
o f  mesh u s e d  i n  p r e d a t o r  n e t s .  A mesh s i z e  o f  less t h a n  4 "  
i s  recommended. 
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WILDLIFE INTERACTIONS WITH SALMON FARMS IN BRITISH COLUHBIA 

ASSESSMENT AND HANAGEMENT O F  INTERACTIONS 

Questionnaire concerning interactions and observations of marine 
m a m m a l s ,  coastal furbearers  and marine birds i n  and around salmon 
net pen operations. 

Contacts : 

Jacky Booth or Harriet Rueggeberg 
Hammond Bay Environmental Services 

Debbie van de Wetering 
University o f  British Columbia 

3211  Hamrnond Bay Road 
Nanaimo, B.C.,  V9T tE4 

(60)) 756-1935 

c/o B .C . Salmon Farmers Association 
245% Bellevue Avenue 
West Vancouver, B . C . ,  V N  1E1 
(604) 922-4525 

~~ 

QUESTIONNAIRE REGISTRATION NUMBER : 

NAME O F  RESPONDENT: 

COMPANY NAME : 

LOCATION O F  OPERATION : 

. 
NUMBER O F  YEARS FARM IN OPERATION AT PRESENT SITE:  ,-, YEARS 

NUMBER O F  YEAHS RESPONDENT HAS WORKED ON SALMON FARMS: -. YEARS 

# NET PENS ON SITE:  

TOTAL VOLUME O F  NET PENS:  __.-___ M3 

PENS 

SALMON SPECIES CULTURED ON FARM 

maJor minor year classes farmed 
species species 1984 1985 1986 1987 lW8 

Coho [ I  [ I  [ I  [ I  [ I  [ I  [ I  
Chinook I 1  [ I  f l  [ I  I J  I l l 1  
Atlantic [ I  [ I  c 1  [ I  [ I  [ I l l  
Rainbow Trout [ I  [ I  [ j  [ I  [ I  [ I t 1  
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HOW OFTEN DO YOU OBSERVE THE FOLLOWING HARINE HAHHALS OR 
COASTAL FURBEARERS AROUND YOUR FARH? 

SPECIE s 

SEALS 

SEALIONS 

RIVER 
OTTERS 

fllNK 

RACCOONS 

SEASON 

spring 
summer 
f all 
winter 

spring 
summer 
fa l l  
winter 

spring 
summer 
f a l l  
winter 

spring 
summer 
fa l l  
winter 

spring 
summer 
f a l l  
winter 

FREQUENCY WITH WHICH ANIMAL IS SEEN AROUND FARH 

regularly - once or  
more a day 

[ I  
E l  
[ I  
1 1  

[ I  
1 1  
[ I  
[ I  

[ I  
[ I  
e 1  
[ I  

[ I  
[ I  
E l  
[ I  

[ I  
[ I  
1 1  
[ I  

frequently 

per week 
- 2 t 0 6 ~  

[ I  
[ I  
e 1  
E l  

E l  
[ I  
e 1  
[ I  

1 1  
1. I 
[ I  
[ I  

1 3  
[ I  
[ I  
[ I  

[ I  
[ I  
[ I  
[ I  

occasionally 
- less than 
once a week 

[ I  
[ I  
e 1  
[ I  

[ I  
[ I  
[ I  
1 1  

[ I  
[ I  
[ I  
[ I  

[ I  
[ I  
e 1  
1 1  

[ I  
[ I  
[ I  
[ I  

WHAT PROBLEMS HAVE YOU ENCOUNTERED WITH THESE SPECIES? 

SPECIE s Predate Damage Tangle and Get into Otherrr 
on salmon n e t  pens /or drown f ish feed (specify 

in nets  below ) 

SEALS [ I  [ I  [ I  [ I  [ I  
SE ALlONS [ I  [ I  [ I  [ I  [ I  
RIVER [ I  [ I  1 1  [ I  e 1  
OTTERS 
fllNK [ I  1 1  [ I  [ I  [ I  
RACCOONS [ I  e 1  [ I  [ I  e 1  

Has the f req-  
quency changed 
since the farm 
f i rs t  went in? 

SE VE RlTY 
OF PROBLEM 
low high 

[ I  c 1  
[ I  E l  
E l  [ I  

E l  [ I  
[ I  [ I  

FEWER 
NOW 

E l  
E 1  
[ I  
[ 1  

**If you have other problems t h a t  occur please specify here : 
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HOW OFTEN DO YOU OBSERVE THE FOLLOWING BIRDS AROUND YOUR FARM? 

SPECIES SEASON 

Aerial B i rd  Species 
HERON spring 

summer 
fa l l  
winter 

KINGFISHER spring 
summer 
fa l l  
winter 

BALD EAGLE spring 
summer 
fa l l  
winter 

GULLS spring 
gulls summer 
terns fa l l  
e t c  winter 

Diving Bird  Species 
CORHORANTS spring 

summer 
fa l l  
winter 

GREBES or spring 
LOONS summer 

fa l l  
winter 

DIVING DUCKS spring 
mergansers summer 
scoters fa l l  
e t c .  winter 

DABBLING 
DUCKS 

surf  ace 
feeders 

ALCIDS 
murres 
guillimots 
murrele t s 

spring 
summer 
fa l l  
winter 

spring 
summer 
fa l l  
winter 

FREQUENCY WITH WHICH ANIMAL IS SEEN AROUND FARM 

never 

c 1  
[ I  
1 1  
[ I  

[ I  
c 1  
[ I  
1 1  

[ I  
[ I  
[ I  
c 1  

[ I  
[ I  
[ I  
[ I  

[ I  
[ I  
c 1  
[ I  

[ I  
c 1  
[ I  
c 1  

c 1  
[ I  
c 1  
[ I  

[ I  
[ I  
[ I  
c 1  

[ I  
[ I  
c 1  
1 1  

regularly - once or 
more a day 

E l  
[ I  
c 1  
[ I  

E l  
[ I  
[ I  
[ I  

[ I  
[ I  
E l  
c 1  

c 1  
[ I  
c 1  
[ I  

c 1  
[ I  
1 1  
c 1  

[ I  
[ I  
1 1  
[ I  

c 1  
[ I  
[ I  
[ I  

c 1  
[ I  
[ I  
c 1  

c 1  
[ I  
[ I  
[ I  

frequently 

per week 
- 2 t 0 6 ~  

[ I  
c 1  
[ I  
c 1  

t l  
c 1  
[ I  
[ I  

[ I  
[ I  
[ I  
[ I  

[ I  
[ I  
[ I  
[ I  

[ I  
I 1  
[ I  
[ I  

[ I  
[ I  
[ I  
[ I  

c 1  
[ I  
[ I  
[ I  

c 1  
c 1  
[ I  
[ I  

[ I  
c 1  
[ I  
c 1  

occasionally 
- less than 
once a week 

1 1  
[ I  
[ I  
1 1  

[ I  
[ I  
c 1  
[ I  

[ I  
c 1  
I 1  
[ I  

1 1  
[ I  
[ I  
[ I  

[ I  
[ I  
[ I  
[ I  

E l  
c 1  
[ I  
[ I  

[ I  
[ I  
[ I  
[ I  

[ I  
[ I  
[ I  
[ I  

[ I  
[ I  
[ I  
[ I  

Has the f req- 
quency changed 
since the farm 
f i rs t  went in? 

FEWER 
NOW 

[ I  
[ I  
[ I  
[ I  

[ I  
[ I  
[ I  
[ I  

[ I  
I 1  
[ I  
c 1  

[ I  
1 3  
1 1  
[ I  

[ I  
[ I  
[ I  
[ I  

E l  
[ I  
[ I  
[ I  

[ I  
[ I  
[ I  
I J  

I 1  
[ I  
[ I  
1 1  

r i  
L 1  
[ I  
[ J  
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WHAT PROBLEMS HAVE YOU ENCOUNTERED WITH THESE BIRD SPECIES? 

SPECIES Predate Damage Tangle and Get into Other* SEVERITY 

in nets  below) low high 
on salmon n e t  pens /or drown f ish feed (specify OF PROBLEH 

Acrid Bird Species 
HERON 1 1  [ I  [ I  I 1  [ I  [ I  [ I  
KINGFISHER c 1  [ I  [ I  I 1  [ I  E l  [ I  
BALD EAGLE [ ] [ I  [ I  c 1  C 1  [ I  c 1  
GULLS [ I  c 1  [ I  C I  c 1  [ I  c 1  

Divino Bird Species 

GREBES 

DIVING 

DABBLING 

CORHORANTS [ ] [ I  ( 1  [ I  [ I  c 1  [ I  

OR LOONS [ I  [ I  c 1  E l  [ I  [ I  [ I  

DUCKS E l  c 1  [ I  [ I  c 1  [ I  c 1  

DUCKS [ I  I 1  [ I  [ I  [ I  1 1  [ I  
ALCIOS [ I  [ I  [ I  [ I  [ I  c 1  I 1  
*If you have other problems or problem bird species a t  your farm then please 
specify here : 

WHAT TIME O F  DAY DO MOST WILDLIFE PREDATOR ATTACKS OCCUR? 

SPECIES DAY TIHE NIGHT DAWN DUSK 
seals [ I  [ I  [ I  [ I  
sealions 1 1  [ I  C l  I 1  
r iver o t t e r s  c 1  ( 1  I 1  [ I  
mink [ I  [ I  [ I  [ I  
raccoons [ I  [ I  I 1  [ I  
Aerial bird species I 1  [ I  [ I  [ I  
Diving bird species [ I  [ I  r i  c 1  

WHAT IS THE APPROXIMATE PERCENTAGE OF YOUR TOTAL PREDATION LOSSES 
TO A WILDLIFE SPECIES ON EACH O F  THE FOLLOWING SIZES O F  SALMON? 

SPECIES i 300 g 300 g - 1 kg 1 kg - 2.5 kg L 2.5 kg 
seals 
sealions 
r iver o t t e r s  
mink 
raccoons 
herons 
kingfishers 
other birds* 

*please specify type o f  bird : 
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WHAT METHODS DO YOU PRESENTLY EMPLOY TO PROTECT YOUR SALMON 
FROM PREDATION BY MARINE HAMMALS AND HOW EFFECTIVE ARE THEY? 

(Effectiveness ratings: none = no e f f e c t ,  low = limited success 
medium = high success but  not  complete, high = problem eliminated) 

EFFECTIVENESS OF METHOD IN REDUCING PREDATION 
check from from 
if SEALS SEALIONS 

METHOD used high medium low none high medium low none 

Dog [ I  [ I  [ I  [ I  1 1  
Noise maker [ I  [ I  [ I  [ I  [ I  

Seal bomb [ I  [ I  [ I  I 1  1 1  
Night watchman 1 1  [ I  [ I  1 1  [ I  
Gun - scare only [ I  1 1  [ I  [ I  1 1  
Gun - shoot t o  kill [ ] [ I  [ I  [ I  [ I  

Trap and kill [ I  [ I  [ I  [ I  [ I  
Electric fence [ I  [ I  [ I  [ I  [ I  
Double bottom net  [ ] [ I  [ I  1 1  [ I  
Bag net c 1  C I  [ I  [ I  [ I  
No protection used [ ] [ I  [ I  [ I  [ I  
0 t her ** [ I  [ I  [ I  [ I  [ I  

Underwater acoustics [ ] [ ] [ I [ ] [ 1 

Trap and relocate [ ] [ ] E I I [ I 

[ I  [ I  1 1  [ I  
[ I  [ I  [ I  [ I  
[ I  [ ?  [ I  c 1  
1 1  1 1  [ I  [ I  
[ I  [ I  C I  [ I  
E l  ' I  c 1  [ I  
[ I  L 1  [ I  [ I  
[ I  [ I  [ I  [ I  
[ I  1 1  [ I  [ I  

**please specify method : 

WHAT WETHODS DO YOU PRESENTLY EMPLOY TO PROTECT YOUR SALMON FROM 
PREDATION BY COASTAL FURBEARERS AND HOW EFFECTIVE ARE THEY? 

EFFECTIVENESS OF METHOD IN REDUCING PREDATION" 
check f rom from 
if RIVER OTTERS OR MINK RACCOONS 

METHOD used high medium low none high medium low none 

Dog [ I  [ I  [ I  [ I  I 
Noise maker 1 1  [ I  [ I  [ I  I 
Night watchman [ I  [ I  [ I  [ I  I 
Gun - scare only [ I  [ I  [ I  [ I  I 
Gun - shoot t o  kill [ ] [ I  [ I  [ I  
Trap and relocate [ 1 [ I  [ I  [ I  [ 
Trap and kill [ I  E l  [ I  [ I  [ 
Poison [ I  [ I  I 1  [ I  I 
Electric fence [ I  [ I  1 1  [ I  I 
Top net :  top only [ 1 I 1 I 1 C I 
Top net :  top & sides [ ] 1 1  1 1  [ I  I 
Bag net 1 1  1 1  [ I  [ I  I 
No protection used [ ] [ I  [ I  [ I  [ 
Other** [ I  [ I  [ I  [ I  I 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

**please specify method : 
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WHAT HETHODS DO YOU PRESENTLY EMPLOY TO PROTECT YOUR SALHON 
FROM PREDATION BY BIRDS AND HOW EFFECTIVE ARE THEY? 

(Effectiveness ratings: none = no e f f e c t ,  low = limited success 
medium = high success but not complete, high = problem eliminated) 

EFFECTIVENESS OF METHOD IN REDUCtNG PREDATION 
check f rom f rom 
if DIVING BIRD SPECIES AERIAL BIRD SPECIES 

METHOD used (loons, grebes, ducks.. ) (kingfishers, herons. . ) 
high medium low none high medium low none 

Dog e 1  [ I  e 1  e 1  [ I  
Noise maker [ I  1 1  e 1  E l  e 1  
Night watchman e 1  e 1  e 1  e 1  e 1  
Gun - scare only c 1  e 1  c 1  [ I  e l  
Gun - shoot t o  kill [ ] e 1  e 1  [ I  [ I  
Trap and relocation [ J [ I  [ I  e 1  [ I  
Trap and kill [ I  [ I  e 1  [ I  [ I  
Poison [ I  [ I  e 1  e 1  [ I  
Electric fence [ I  [ I  e 1  e 1  e 1  
Top net :  top only [ 1 e 1  e 3  e 1  e 1  
Top net : top & sides [ ] e 1  e 1  e 1  [ I  
Bag net e 1  e 1  e 1  [ I  e 1  
No protection used [ ] [ I  c 1  [ I  e 1  
Other** e 1  e l  [ I  c 1  [ I  

**please specify method : 

WHAT ARE THE CHARACTERISTICS O F  THE NETS THAT YOU USE ON YOUR 
SALMON FARM? 

NET flESH flESH flESH 
TYPE SIZE GAUGE COLOUR 

NET PEN 
PREDATOR NETS 
bag net 
bottom net 

-- 
top net --- 

IF YOU USE A BAG NET: 

HATERIAL 
nylon poly- 

[ I  e 1  

e 1  [ I  
[ I  [ I  
e 1  [ I  

, WHAT IS THE DISTANCE BETWEEN THE NET PEN AND THE B..G NET? - 
. CAN YOU MAINTAIN THAT DISTANCE? YES 1 NO I 1 

. THE BAG NET -. (check one) 
Encircles each net pen individually : e 1  
Encircles net pens together: e 1  
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HOW MANY SALMON HAVE YOU LOST (ROUGHLY) IN T H E  LAST 12 MONTHS 
TO WILDLIFE PREDATION OR N E T  DAMAGE CAUSED BY WILDLIFE SPECIES? 

SPECIES RESPONSIBLE 

seal 
sealion 
river o t te r  
mink 
raccoon 
herons 
kingfishers 
other birds* 

SALMON LOST TO SALMON ESCAPING THROUGH 
PREDATION NETS DAHAGED BY WILDLIFE 

"please specify type o f  bird : 

WHAT WAS T H E  TOTAL COST O F  DAMAGE TO EQUIPMENT CAUSED BY WILDLIFE 
IN THE LAST 12 MONTHS A T  YOUR FARM? 

SPECIES RESPONSIBLE COST OF EQUIPHENT DAMAGE 

seals 
sea lions 
river otter  
mink 
raccoons 
herons 
kingfishers 
other birds* 

"please specify type o f  bird: 

HOW MUCH WOULD YOU BE WILLING TO PAY FOR AN EFFECTIVE METHOD TO 
PROTECT YOUR SALMON FARH FROM PREDATION OR EQUIPMENT DAMAGE BY 
WILDLIFE? 

WHAT O F  YOUR GROSS ANNUAL SALES DOES THIS REPRESENT? z 
$ . 

MAY WE CONTACT YOU FOR FURTHER INFORMATION RELATING TO THIS 
QUESTIONNAIRE? 

YES 1 No C I 
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PLEASE USE THE SPACE BELOW TO COHHENT ON ANY ADDITIONAL WILDLIFE 
PBOBLEHS OR CONCERNS YOU HAY HAVE: 
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