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Appendix. Literature Review

Characteristics and Life Cycle
Atlantic salmon (ATS), Salmo salar, and rainbow trout (RBT), Oncorhynchus
mykiss, both have fusiform body shapes with soft fin rays and adipose fins. They
also have paired pelvic and pectoral fins and single dorsal, anal and caudal fins
(Pennell, 1996). The ATS have silver dorsal (with black spots), silver side and
white ventral coloration (Shearer, 1992). RBT have metallic blue coloration
dorsally with black spots and are silver on sides. Being coldwater ectotherms, ATS
prefer a temperature range from 10 to 17 °C while RBT can tolerate a wider range of
temperatures up to 26.5 °C. ATS can grow to 27 kg and 122 cm and live up to 12
years. RBT can grow to 20 kg and 122 cm and live up to 8 years. ATS and RBT
have both anadromous and freshwater forms. Anadromous RBT are referred to as
steelhead trout (STT) and have a maximum temperature threshold of 23.9 °C

(Pennell, 1996).

Olfactory and visual cues are uﬁlized by salmonids to return to their natal river to
spawn. Imprinting is done with a high degree of fidelity which in turn creates
reproductively separate stocks or populations. The life cycle entails upstream
migration to the natal freshwater for spawning and placement of eggs into redds for
fertilization. Eyed eggs then hatch into alevins and emerge as fry. The next life
stage is the parr phase which can extend from one to six years followed by the parr-
smolt transformation to smolts or smoltification (biochemical, physical,

morphological and behavioral changes) which enables seawater survival (Pennell,
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1996). Smolts migrate to seawater at lengths > 15 ¢m and spend one to four years

before returning to spawning grounds as mature adults.

ATS and RBT both belong to the order Salmoniformes and the family Salmonidae.
The historic distribution of wild ATS ranged from the Connecticut River to northern
Canada across the Atlantic to Greenland, Iceland and northern Europe. RBT ranged
from Mexico to the Bering Sea in Alaska and from eastern Asia to the Continental
Divide (Laird, 1988). Although introductions have increased the distribution ranges
of both species, major rivers have lost stocks due to industrial pollution and

installments of weirs, locks and dams (Laird, 1988).

Culture
ATS and RBT are the most widely cultured of all salmonids and have been
selectively bred since the 1830’s with increased success (Pennell, 1996). The
acceptable culture conditions are pH levels ranging from 6 to 8.8 and dissolved
oxygen (DO) for salmon above Sppm. RBT are ;:apable of tolerating lower DO
levels (Shearer, 1992). Un-ionized TAN levels exceeding 0.025 mg/l can be
problematic (Laird, 1988). Salmonids are carnivores requiring a high percentage of
protein in their diet. Rearing units can vary from ocean net pens to indoor
recirculating systems depending upon stage of development and the location of the

farm.
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Salmonids are economically significant fishes in North America and create a
challenge in terms of management (Lynch, 2002). With the growth of the industry
and a flood of product, market prices have decreased forcing farmers to increase
production efficiency. This has included attempting to increase profit margins by
minimizing escapes. Escapees initially were not seen as a threat to wild populations
because it was believed that without the natal river they would be lost at sea (Volpe,
2001). Intensive culture in both the hatchery and grow-out stages at locations
adjacent to wild salmonid populations has led to farmed and wild ATS breeding
proving prior assumptions incorrect. In some cases, salmonids have returned to
aquaculture sites as opposed to swimming up wild salmon runs. In a release study,
the return of transplanted fish indicated a homing response that could be attributed to
an olfactory response to excess feed as ATS have been artificially imprinted to

chemical additives (Bridger, 2001).

While ATS are capable of repeated spawns in the wild, only a small percentage
actually does. In culture of ATS this allows for rhultiple spéwning of broodstock
(Laird, 1988). Broodstock are held at low densities and decreased temperatures.
Eggs and milt are extracted and combined externally for fertilization. Eggs are then
rinsed and placed into tray incubators. Upon emergence, the fry are reared in tanks
until they reach the smolt stage and can be transferred to net pens for grow-out.
Typically, the production of smolts takes over one year under traditional methods.
However, manipulation of photoperiod and temperature have enabled zero age

smolts and shortened overall production time (Pennell, 1996). Knowledge of degree
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days and environmental parameters along with selective breeding has maximized
potential growth. The growth of salmonids can be projected by multiplying degree
days (degrees above 0°C) by the constant species specific growth rate (with 'site

specific restrictions).

Behavioral differences are apparent between domesticated and feral stocks of
salmonids. Behavior of escapees can be influenced by genetic characteristics and
effect predator avoidance, aggression and habitat selection (Bridger, 2002).
Escapees may not have the knowledge required to successfully time spawning or
migration, crucial to progeny output. Escapees may become more aggressive and
display less schooling behavior to decrease competition (Bridger, 2002). A
successful strategy for survival has been hypothesized where steelhead trout
escapees move between aquaculture sites in the summer and spillways from
hatcheries in the winter increasing the probability of recapture (Bridger, 2002).
Foraging is poorly developed in hatchery fishes and starvation would lead to

mortality (Brown, 2003).
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