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Introduction 

SEP (Salmonid Enhancement Program) began publishing PIPNews, a newsletter for 
volunteers, in 1984. One of the_ publication's major objectives was to provide volunteers and 
enhancement workers with technical information on various aspects of enhancement. To meet this 
need, Tipsheets were included in each issue. Over its ten-year history, first as PIPNews and, more 
recently, as StreamTalk, the newsletter has published more than 40 Tipsheets, addressing fish 
culture, habitat, equipment and other technical subjects. From the first issue, Tipsheets were 
designed to be kept, and were hole-punched for storage in three-ring binders. Many such "books" of 
Tipsheets no dc;mbt sit on the reference shelves ofcontract and volunteer projects throughout 
British Columbia and, perhaps, beyond. 

Over the years, as new projects came on-stream, new contractors were engaged, and new 
. volunteers joined Public Involvement groups, SEP's Community Involvement Division received 

requests for copies of old Tipsheets. Initially, we were able to accommodate these requests but, over 
time, supplies have dwindled. Most of the early editions are now "out of print." Most are hard to find 
and increased knowledge had rendered some obsolete. 

As a collection, the Tipsheets are a valuable resource - dozens of hands-on, practical how-to 
tips addressing all aspects of enhancement work. They represent the bm-1t ideas generated by 
resourceful volunteers and the best advice gleaned from Fisheries and Oceans staff over a ten-year 
period. 

In 1992, in response to suggestions from ~taff members, contractors, and volunteers, SEP 
decided to investigate the possibility of assembling all existing Tipsheets in book format. The 
volume you hold is the result of that decision. 

Producing "The Book of Tipsheets" was not an easy matter. Some fifty Tipsheets were pulled 
from files and computer discs. All were submitted to a committee of SEP staff for evaluation and 
updating. Some were obsolete and were dropped and many were extensively re-written to reflect the 
growing-body of knowledge about enhancement techniques. Individual topics were grouped (at the 

editor's discretion) under several broad headings for ease of reference. Finally, all the existing 
·artwork was assembled and inserted where needed. 

You will find some variation in style in these pages, in both the writing and the art. Thi.s is 
not surprising; over the past ten years, several artists have produced illustrations, and, from the 
start, Tipsheets have been written by any of three editors and by a number of SEP staff members 
and volunteers. Each contributor had developed or discovered something that worked and was 

wil!.ing to share the information. 
We thank thein all, and dedicate this book to their efforts and to their concern for the 

salmonid resource that is so vital to the west coast and its people. 

Don Lawseth 
Chief, Community Involvement Division 
Salmonid Enhancement Program 1994. 
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Heath tray for classroom 
incubation 

Classroom incubation of salmonids is an increasingly popular 
educational activity. Students enjoy the hands-on experience and learn a 
lot about fish biology, water quality anli associated subjects. It does, 
however, require setting up and successfully operating an incubation unit. 
Both DFO staff and B.C. teachers have developed a number of systems · 
over the years. For more iruormation, or other methods, consult your local 
Community Advisor or Education Coordinator. 

Robertson Creek hatchery on Vancouver Island supplied 
information on this design. 

Flow-through 
incubator for 
classrooms 

This system for incubating 
coho salmon in a closed system 
was tested by teachers in School 
District 70. Much of the effort in 
developing this !'Heath tray" type 
of incubator was made by teacher 
Dave Lowe of Albemi Elementary 
School in Port Alberni. 

An "Aqua-Clear 610" water 
filter pump was used. It aerates 
and filters the water within the 
system. This pump can deliver up 
to eight litres per minute which is 

~-· qJ.ore than sufficient for incubating 
lJ .up to 700 eggs. Air diffuser stones 

aid in oxygenating the water 
within the tank. One stone is 
placed in the outflow of the filter 
pump and a second stone is placed 
at the opposite end of the 
aquarium. 

The incubator is 
constructed of 1/4 inch clear 
Plexiglas. lt is glued using 
methylene chlo1ide, then sealed 
with silicone. There are 
advantages arid disadvantages: 

Advantages 
0 a constant flow of clean 

aerated water through 
eggs/alevin 

0 a clear unobstructed view 
of egg development for 
students 

0 a single layer of eggs near 
surface is easily accessible 

0 the tray can be used from 
green eggs to button up 

Fill aquarium to 
about 2.5 cm below top of 
"Heath tray.· 

Education 
0 it is easy to clean 
0 it is all one piece 
0 the aluminum screen 

prevents rust or tears 
0 the sponge and charcoal 

filters are easy to clean 
0 the tray and eggs can be 

removed when changing 
water 

0 the unit can be made to 
any size. 

Disadvantages 
0 the pump will lose prime 

with power fluctuations 
(this is why two air stones 
are used) 

0 air bubbles may form 
under the screen and cause 
flow blockage unless inflow 
water is diffused. 
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Education 

Supplies 
./ Air diffuser stones (1 1/2 

inch by 1/ 1/2 inch by 3 
inch) 

./Aqua-Clear 610 filters· 

./ Cleat· 1/4 inch thick 
Plexiglas· 

./ Methylene chloride 

./ Silicone sealer 

./ Perforated aluminum 

Additional 
information 

. Some points regarding all 
classroom. aquariums for salmonid 
incubation. 
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L You must contact yow· 
Community Advisor or Education 
Coordinator to obtain eggs for 
incubation and to get a permit to. 
release the fry. 

2. Tanks must be clean: 
wash with a mild detergent (if 
necessary, you can use steel wool, 
but extra rinsing will be required), 
then rinse thoroughly before use. 

3. Never use chlorinated 
(tap) water for fish - it is lethal. 
Chemical removal of chlorine is 
essential unless you "inport" water 
from a clean stream. 

4. - Place your tank in a 
quiet corner. Try to pick ari area 
where it will receive little or no· 
heat, sunlight or physical 
disturbances. Styrofoam, glued to 
all .sides and top, can be used to 
keep light out while adding 
insulation; provide a "window" that 
can be removed for viewing. 
· 5. Use "eyed" as opposed 
to "green" eggs. Eyed eggs have 
already survived the most 
sensitive stages of development 
and you will experience fewer 
mortalities. Eyed eggs ar-e t.isually 
available in January or February. 

6. If you use water 
running through a hose in your 
tank to keep water cool, try to 

. connect the cooling system so that 

Water filter· pump 

it cannot be shut off easily (utilize 
the water line under the sink, or at 
least remove both hot and cold tap 
handles). 

7. Keep your tank clean. 
Change one-third to one-half of the 
water on a weekly basis once you 
begin feeding your fry. Portable 
test kits are available for checking 
dissolved oxygen, pH, and 
ammonia levels. 

After the eggs hatch, a 
white foam will appear on the 
surface and may turn_the water 
cloudy. This embryonic ·fluid is not 
harmful. Simply remove the foam 
from the surface with a spoon or 
dip net; the filter will do the rest. 

8. Record daily 
temperatures. This will help you to 
predict dates for hatch and swim-

. ,up. See Tipsheet on ATUs for 
more information. 

9. Respect your CA or 
education coordinator's time. They 
assist many projects and cannot be 

+Sponge 
filter 

+Charcoal 
in mesh bag 

Air stone 

available at all times. Try to get 
help from other teachers in your 
school or district before you call. 

Teachers may be interested 
in viewing the video production 
The Classroom Incubator. 'l'his 
production features the classroom 
project at Stoney Creek · 
Community School in Burnaby. 
Teacher Yvonne Gaetz discusses · 
how she carries out the incubation . 
of coho eggs, how the class engages 
in further activities and how the 
entire school benefited from her 
group's involvement. 

This video can be obtained 
through your community advisor, 
your.local education c0ordinator or 
from the Community l~volyement 
Division, Salmonid Enhancement 
Program, Fisheries and Oceans 
Canada, #400 - 555 West Hastings 
St., Vancouver, B.C. V6B 5G3. 
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Automatic 
feeders 

Feeding fry for the first two 
or three weeks should increase 
later survivals. Just-hatched fry 
should be fed almost continually 
during the day. Often, that 
requires an automated feeder. 

The initial feeding is 
critical; do it by hand if possible. 

Cautions: use dry feeds; 
moist feeds clog easily; feeders can 
quit; check often. 

Advantages 
• Continuous or regular feeding 

when no one is present. 
• Project can rear more fry than if 

hand feeding. 
• If the human fish feeder is 

delayed, the fish still get fed. 

Disadvantages: 
• Even dry feed is not t:.ptally dry; 

it may gum up and clog. 
• The coastal climate adds· 

moisture - causing clogs. 

THE LETSON FEEDER 

A water driven sprinkler 
mechanism rotates a rod · 
nm through a pipe support. 
This turns the coffee can. 
The magnified view shows the 
measuring/ dispensing element; 
three interlocked pipe sections. 

Equipment and materials 

TIME-RELEASE FEEDER 

• Over-feeding produces waste 
and a build-up ofrotting feed. 

• While hand-feeding fish, you 
also observe· them - and 
behaviour can be a valuable way 
to judge health. Do watch them. 

Time.;. release 
feeder (above) 

This feeder is made with a 
clockwork mechanism on a slotted 

board. It may be a wound, battery 
or electrically-run clock. 

The clock mechanism is set 
with the hour hand close to the 
board, as on a clock face. The 
minute hand is 1·emoved - it 
moves too fast. A windshield wiper 
blade is attached to the hour hand 
so it will travel around the top .of 
the board. Spread feed on the 
board; the blade pushes it through 
.the slots: 

Cut the slots at. an angle to 
dispense feed a bit at a time. This 
might help to keep feed from 
jamming up in the slot. · 

A double ratchet system 
would provide a longer feeding 
time. Set a second.blade, attached 
to the clock spindle but not dtiven_ 
by it, and only half the radius of 
the circle being swept, behind the 
dtiven blade. The driveQ blade 
revolves for a complete circle, (12 
hour), then picks up the second 
blade which sweeps for another 12. 

A margarine tub will keep 
the clockworks covered. A larger 
tub or box could cover the whole 
assembly for more protection. 
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Equipment and materials 
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Belt feeder 
Another feeder uses the 

conveyor belt principle. This one is 
made of window screening and two 
old paint rollers. 

The screening is made into 
a continuous loop by joining a strip 
of it at the ends with a hot-melt 
glue gun. The loop is stretched 
tight over the two foam covered 
rollers. One of the rollers provides 
the drive by means of an attached . 
circular saw blade which is tumed 
by a wire hook that operates off the 
crank of a garden sprinkler. 

Feeding is accomplished by 
spreading the feed on top of the 
screen belt. The belt is supported 
with a piece of board or plastic to 
prevent sagging. As the belt moves 
the feed is dumped off the end into 
the water. Feed rates and times 
are varied by placement of the food 
on the belt. 

Chinnick feed drill 
The auger i's a long­

standing way to ,move grain. Bill 
Chinnick's design operates on this 
principle. The feeder uses a 
washing machine motor, a timer, 
and wood dlill bit driven by a 
computer reduction moto1·. It 
provides a steady and dependable 
flow of feed to the fry. 

Demand feeder 
The demand feeder is 

suited to larger fish. You can make 
one from a cone with gently sloping 
sides (like a highway marker cone). 
Support it naITOw end down, above 
the rea1ing container. It will create 
a steady flow of feed. A wire and 
disc arrangement (see illustration) 
controls the flow and a mechanism 
the fish can pull or nudge, such as 
a leather tab or metal strip just at 
water level, causes feed to flow. A 
series of these over a raceway or 
pond provides good dist1ibution . 

Paint ___ ,.__..,,,,,,,,,. 
roller 

BELT FEEOER 

CHINNICK FEED DRILL 

TIMER 
Modified from 
automatic 
washer 

DEMAND.FEEDER 

Highway marker cone 

Cover 

( 

Wire and loop 

Spring disc 

4"dia. plastic 
- ·pipe 

3/4" dia. spiral 
/Wood drill 

Hole in board 
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Equipment and materials 

Feeder for Capilano troughs 

This feeder was designed 
by Roy Sloan for the Semiahmoo 
Fish and Game Club project on the 
Little Campbell River in Surrey. It 
feeds young fry in Capilano 
troughs. It w_orks well in the indoor 
environment at Semiahmoo, 
although each feeder is covered 
with plastic to keep condensation 
from the ceiling off the feed. If you 
·have an outdoor setup, this type of 
feeder might present problems 
unless more--adequately protected. 

The principle is simple; the 
parts, fairly inexpensive. The 
major requirement is careful 
labour to assemble the feeders so 
that everything works smoothly. 

Materials: 
,/ electric timer 
,/ electric pump suitable for 
your water source -
,/ two pieces 3.8 cm ( 1 1/2 inch) 
right-angle aluminum, each 3.5 
metres ( 10 feet) long 
,/ five (per feeder) pieces 7.62 
cm (3 inch) U-shaped aluminum 
channel, each cut about 2.54 cm 
(1 inch,) wide 
,/ ABS pipe reduction sections 
( 4 inch down to 2 inch); five per 
feeder 
,/ sheet Plexiglas 1/8 inch 
thickness 
,/ soft stainless wire for slide 
cqnnectors plus some coat 
hanger wire for control 
,/ 15.25 cm (6 inch) squares of 
Lexan, five per feeder 
,/ plastic glue 
,/ nuts and bolts (or screws) 
,/ plastic tubing ( 1/4 inch 
diameter) 
,/ ceiling light fixture fitting; 
hollow, threaded pipe with 
locknut; one per feeder 
,/ nylon cord. · 

Preparation 
Note: measurements are in 

feet and inches. Conversion to 
metric might affect accuracy. 

i. Use the channel sections tO 
evenly space two sections of nght -
angle aluminum for their full 10 
foot length -: you should use four. 

2. Use one channel section, 
mounted horizontally, for the 
control mechanism. Predrill it to 
accept the ceiling fixture. 

3. Cut pieces of Plexiglas for: 
two slide sections, one hopper 
mount and two side supports. The 
two slide sections must be exactly 
2 15/16 inches wide: Length must 
be at least five inches, but can be 
longer. 

. 4. Cut three strips (2 15/16 
inches by 1/2 inch) Plexiglas for 
each side. These form the pusher -
units and wire guide. 

Assembly 
L The first hopper is mounted 

two feet from the head end of the 
feeder; others are spaced 20 inches 
apart. 

2. Mount supports, notched to 
hold the bottom slide section, on 
the inside of the angle aluminum 
- attach with rivets or screws. 

3. Make a shallow saw cut in 
short (l/2 inch) sections of 
Plexiglas to act as a guide for the 
wire. Make the pushers with this 
cut side against the underside of 
slide top s~ction. Add a second 
thickness. This creates a 1/4 inch 
deep pusher lip. Drill a small hole 
(diameter of the wire) in the center 
of each top slide section. Glue a 
second saw-cut piece of Plexiglas to . 
top surface at the other end. 

4. Prepm·e the holder for the 
hopper by cutting a hole -
exactly 2 3/4 inches in diameter -
in a square of Plexiglas . 

5. Position the bottom slide 
sections, then the top. Use risers 
as necessary to position top surface 
of the hopper holder exactly one 
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Equipmel")t and materials 

inch above the surface ef the t.op 
side section. This will allow the 
feed hopper t.o t.ouch, but not bind 
against, the sliding feed dispenser. 

6. Thread wire int.o each top 
slide sections as follows: 

• Wire enters the slide between 
pusher and slide section. It runs 
along the underside of the slide 
section t.o the hole, then up and 
backward along the t.op surface t.o 

. the rear end where it exits through 
the seco.nd slotted guide. 

• Put a loop in one end of the 
wire and make a hook in the other, 
.spaced far enough apart to connect 
each of the five hoppers in series. 
These separations in the wire 
simplify dismantling the sections 
for cleaning or moving. 

) 

Spreader cones 
Make cones to hang under 

the hoppers· (to spread falling feed) 
from six-inch squares of Lexan. 

Drill a 114 inch hole in the 
center of each square. Cut out one 
quarter of the square and round off 
the remaining three corners. Drill 
two small holes near the center. 
Place Lexan squares in a warm 
oven to soften. When pliable, shape 

Bottom slide (fixed) -' 

op·eration 
Fill hoppers with feed -

about 250 grams each. Set timer to 
operate pump for five minutes , 
every half-hour. Observe; adjust as 
necessary for optimum feed rate. 

Adjustments 
If the initial installation is 

not providing exactly the right 
amount of feed, 
you can acljust 
it as follows: 

eset 
the timer for 
longer or 
shorter cycles. 

eVary 
the length of the 
"pull" on the. 
upper 

• Assemble the sections of each 
feed hopper along the frame. Hook 
the wires together and attach ~nd 
of wire nearest the water sow·ce to 
a short length of coat hanger wire. 
Bend the outermost end of the coat 
hanger wire to form a hook that 
will stop the wire from entering. 
the ceiling connection threaded 
pipe. Run the other erid of the wire 
through the hollow tube 
(positioned in the channel section) 
and attach it to the end of the 
connection wire. At each end of 
assembly;- attach a length of nylon 
cord to the wires. Position a pulley 
at each end of the feeder and rwi· 
cord over these pulleys. Attach the 
em·pty one-gallon jugs to each cord. 

Top slide (moving) dispensing 
~-----;;;;~:E=~=-----q slides by 

•Hang the assembled feeder, 
using heavy wire, over your 
Capilano trough. Run a length of 
wire above the hoppers and drape 
heavy plastic over each feeder to 
protect the hoppers and slides from 
falling condensation; Fill the jug at 
the outer end of the assembly with 
five gallons of water (equals about 
42 pounds). -Drill a small hole 
(about 1/8 or 9/16 inch diameter) in 
bottom of other water jug (at 
operating end of feeder). 

• Run flexible tubing from 
pump into the jug. Connect pump 
to timer. 

.• .: ... 
•: .. 

each into a cone and hold until set. 
Run wire through the two 

small holes; bend the end to hold. 
Leave about six inches above the 
cone; cut. Make a hook in the cut 
end and use it to hang the 
assembly about one inch below 
feed. dispensing lip. As the feed 
falls, the cone will scatter it. 

makingthe 
electrical ceiling 
fixture tube 
longer or 
shorter. This 
varies the 
length of motion 
on each cycle. A 
longer stroke 
will dispense 
more feed. 
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Plastic pipe: 
bending & 
belling 

Pipes made of thermo­
plastics, such as PVC and ABS, 
can be.bent or formed by the 
application of heat. 

When ·these pipes are in 
use for small stream projects, you 
may need to perform these 
operations on site. Given a suitable 
heat source and some simple tools, 
this can be done successfully. 

·Forming a bell or 
socket 
Heat sources: 

0 An oil or glycol (anti-freeze) 
bath heated to 176°C (350°F) 

0 Radiant heat (infrared tubes) 
· 0 Hot air or an open flame. 

The glycol bath is the 
preferred method, but the others 
can give acceptable results. 

The bell is formed over a 
mold. The professionals use pre-

. formed molds of aluminum. A wood 
LJ plugd is fiulne, or yhou can--achfieve 

goo res ts wit a piece o 
ordinary heavy-wall pipe if you 
bevel the end. 

LJ 

u 
LJ 

Equipment and materials 

Procedure: 

- L Heat the end of the pipe. In a 
hot bath it will take from one to 10 
minutes, depending on the 
thickness of the pipe, before the 
end turns rubbery. 

2. Push the heated end over the 
mold (or substitute). It will expand 
over the mold. 

3. Leave to cool, or speed cooling 
(especially with large fittings) by 
wiping witli water. 

4. Extract the mold or plug. This 
may be difficult, particularly with 
large fittings. You may have to use 
a stick and hammer to knock it 
loose. 

Things to remember 

0 Always handle hot pipe with 
heavy gloves 

0 Glycol is preferable to oil. Oil 
darkens and is also hard to remove 
from the pipe later. 

0 All traces of either oil or 
glycol must be removed before 
cementing the pipe. 

Quick tip 

An almost perfect cone for 
the top of an aeration inlet can be 
formed by simply pressing the 
heated end of a pipe into a flat 
smf ace. The inlet will curve 
smoothly ... then just let it cool -
no mold needed! . 

___ ,, ...... ---------............... . 
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Equipment and materials. 

Pipe bending Things to remember 
Professionals bend pipe 

using dies, air pressure or springs 
to form and hold a bend. They also 
use heat ovens or barbecue 
rotisseries to heat the pipe. 

This equipment is not 
really essential - you can get a 
very good bend without it. Certain 
aspects of the process, however, 
are very important .. 

Heating methods 

'l'o make a good bend when 
working in the field, you must heat 
the pipe equally around its 
circumference. Also, the longe1· the 
section of pipe you heat, the 
smoother t~nd better) the resulting 
bend will be and the sharper the 
angle to which you can bend the 
pipe. 

As a rule of thumb, 
remember; to make a 90° bend, 
heat a length of pipe about 16 
times its diameter. For example, to 
bend a 50 mm (2 inch) diameter 
pipe, you should heat about 1 
metre (3 feet) of its length. A less 
severe. bend (221/2°) requires 
heating of only about 23 cm (9. 
inches). 

The best. heut. source for 
bending is hot air; but a large, 

· wide, open flame· can be used very 
successfully. 

A flat forming table plus a 
simple masonite jig will serve to 
hold the bend while the pipe cools. 

Procedure 

L Heat the necessary length of 
the pipe. Rotate the pipe often and 
rapidly, to heat evenly and prevent 
burning. 

2. Bend the pipe to fit into the · 
jig. 

3. Let cool, or cool with wet rags. 
4. Remove the jig. 

10 

0 The sharper the bend, the 
greater the length of pipe you 
should heat.· 

0 Heavy walled pipe gives a 
better bend than thin (less chance 
of kinking) .. 

0 Do not bend near the end of 
the pipe ... any bend will prevent 

. cementing of a socket fitting to ~e 
pipe. Leave an unheated section for 
the join. 

0 Try to avoid having to heat 
the pipe in cold or windy locations. 

Quick tip 
An old (but effective) 

method: pack the pipe with sand 
and tamp down. Plug both ends 
and heat. You need heat only eight 
to 10 times the pipe diameter to get 
a 90° bend. 

Characteristics of 
other plastics 

Special techniques are 
needed to bend Polyethylene (Pe), 
Polypropylene (PP) and 
Polybutadiene (PB) plastic pipes. 

These materials. have a 
tremendous memory. To get a 90° 
bend, yott may have to bend the 
pipe much more sharply (to.85° or 
less). Upon cooling, it will spring 
back. 

'l'his charuct.el"ist.ic will 
allow a very tight fit between 
plastic pipe and steel pipe. Heat 
form a socket in the plastic, then 
re-heat. the socket. over t.he st.eel 
pipe. The plastic will contract very 
tightly as it "tries to remember" its 
original dimension and shrink 
back to that size. 
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PVC pipe: 

cementing 

Polyvinyl chloride is a 
strong, flexible and durable plastic 
.which has become standard 
material in construction and 

. industrial applications over the 
past 25 years. 

It is commonly used as a 
piping material on small stream 
enhancement projects for which it 

_, is well-suited because of its 
versatility. Cementing two pieces 
of PVC pip can be a headache 
unless certain rules are followed. 
The following tips are to be used in 
addition to, not in place of, the 
instructions provided by your PVC 
supplier. 

Cement 
There are about seven 

different types of PVC cement and 
fow· grades of p1iµier. Also 
available are several multi-purpose 
plastic cements. Some have slower 
drying times or perform better in 
humid conditions. Check the 
labels. Weld-ON 705 is 
recommended for water lines to 
incubation boxes and troughs. 

A55EMBLE MA1ERIAL5 
NEEDED 

Equipment and materials 

Preparation for 
cementing 

Assemble the following 
materials: 

./miter box and saw 
- ./clean rags 

./knife, file or sandpaper 

./correct cement for the type 
and size of PVC pipe 

./ corr.ect size of applicator for 
·size of pipe. · 

Use saw and miter box tO 
cut square end on pipe 

L remove burrs with knife, file 
or sandpaper 

2. remove all moisture and dirt 
with a clean rag 

3. check dry fit. 

CUT PIPE 5QUARE 

Gluing instructions 
L Apply the primer to the 

socket, then to the pipe, then 
to the socket again.· 

2. While primer is still wet, 
apply the correct cement to 
the pipe end, then to the 
socket, then to the pipe again. · 
Remember, glue in the 
opposite order of priming. 

3. Do not apply excessive 
amounts of glue. 

4. Do not allow primer to dry 
before upplying glue. 

5. Push both ends together 
firmly to seat the pipe in the 
socket (you may need to twist 
it slightly). H' you are working 
with large pipe sizes, two 
people make this easier. Hold 
for a minute. Wipe off excess 
cement. 

6. Allow drying time of 30 
minutes to six hours, 
depending on air 
temperature, before 
disturbing the pipe. Wait 
longer in low air 
temperatures, high humidity, 
for lai;g-c pipes, slow-drying 
cements or loose joints. 

7. If pressure testing is 
necessary, wait 24 to 48 
hours, depending on the 
factors noted in point six. 

CHECK DRY FIT 
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APPLY 1 a:1•·1 ·rn• P-70 
PRIMER 

Things to avoid 
Problems usually result 

from incorrect procedures, such as 
using a wrench to overtighten 
threaded plastic fittings; letting 
the primer dry before cementing; · 
p1iming only one of the two 

·components; using thin cement on 
large fittings; adding cement to the 
outside of fittings. 

12 

Trouble shooting. 
If you have followed the 

instructions but thejoint is 
leaking, there are three possible 
solutions: 

L Cut out and re-cement, using 
a new connector, 

2. use a repair coupling, 
3. backweld (this should not be 

necessary if instructions are 
followed). 

WHILE PRIMEJt . 15. !tTILL WET ... 
APPLY. CEMENT 

Backwelding 
Backwelding, using a 

thermo-plastic hot air welding gun 
and welding rod, can repair a leaky 
joint, but it is more properly used 
to strengthen secure joints. 

When backwelding: 
· 0 wait for at least 24 hours 

after cementing (otherwise 
the heat will stress the joint 
by forcing the partially dried 
cement into a gaseous state) 

0 remove all traces of cement 
beforehand 

0 drain and dry the line first. 

WAIT BEFORE 
Dl~RBING-

Joining socketed PVC is 
similar to painting an interior wall 
of your house. Always clean the 
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surface first. Use the right size of 
applicator for the job. Use the r"I 
correct types of cement and primer. LJ 
Always use two.coats - primer 
and cement. LJ 
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Bleeding rack 
Bleeding adult salmon 

before removing th~ eggs is a fairly 
common practice and requires use 
of a rack or framework to hang the · 
fish in a head-down position. 

Most racks consist of a 
series of sharp spikes on which the 
fish are impaled just ahead of the 
caudal fin (tail). 

The spikes may protrude 
unprotected from a.framework, or 
be welded to a hinge that allows 
the spike to be pushed away from 
the operator when impaling fish. 
Hacks wiLh hooks and nylonrope 
loops are· used for chinook salmon. 

The exposed spike rack is 
extremely dangerous since a 
workel' can be impaled as easily as 
a fish. The hinged spike is only 
somewhat safer. 

The Chilliwack hatchery 
developed a safe, easy to operate 
bleeding rack using lengths of 15 
cm (six-inch) PVC pipes D:lOunted 
in an aluminum frame. It is 
primarily u'sed for coho, chum and 
steelhead, since chinook may be 
too large to fit into the tubes. 

Construction 
The rack is made from a 

number of 56 cm (22 inch) lengths 
of 15.24 (six-inch) diameter 63 
class PVC (thin-walled) pipe. 
These are mounted in an 
aluminum frame that slopes 18 cm 
<seven inches) from front to back. 
The number of tubes (and, there­
fore, the size of frame) is 
determined by preference and 

. space available. Fifty tubes will 
hold between 100 and 150 fish. 

In use 
The fish is killed and the 

caudal artery (the major blood 
vessel running through the throat 

Equipment and materials 

6" diameter 
PVC pipe 

area just below the gills) is cut, 
then the fish is placed head first . 
into the slanted tube. The 
framework partially blocks the 
rear of the tube; fish cannot fall 
through. Tubes can be hosed clean. 

Anot~er angle· 
PVC pipe can also be used 

for holding aq_t\Jts in Capilano 
troughs. This design cuLs handling, 
which reduces stress, disease and 
egg loss. 

The pipe should be: 
• 15 cm diameter for females, 
20 for males 
• slightly longer than the fish 
(75 cm for coho) 
• smooth on the inside. 

The pipe lengths are 
bundled as shown and tied with 
sash cord. Each tube is numbered 
and each bundle lettered for iden­
tification. Bundles are separated 
with cut-to-fit, perforated sheets of 
plywood as they are placed in the 
trough. The open end of the last 

· ·bundle is covered with a screen or 
final sheet of perforated plywood. 
Hocks or cement blocks prevenL . 

22" pipe length 

floating. Water flow should not 
exceed 200 litres per minute. 

For inspection, Jilt the 
downstream end of a bundle to 
about 45° and pull each fish out by 
the tail. 

Fish must show some 
colouration before holding this 
way; silver brights do not mature 
well and may re-absorb eggs. Fish 
have been held in this sy!d.em for 
up to three monLhs. 
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Penny fry measure 
How do you get fry lengths 

without using a chemical 
anaesthetic? Try this simple 
juvenile measwing device invented 
by Clarence Boudreau at the · 
Penny hatchery in northern B.C. 

•NOTE• (#306-2) 
6.4 ·111_ ROD 
WELDED TO I 

1306-3 & . 
1306-1. 

PART fil306.._2 TO BE WELDED 
TO fil306-1 ONLY AFTER INSERTING 
fil306-2 THROUGH 6.75 • (17/64•) 
HOLE IN t1'304-1. 

CONTOUR END 
& SURFACE PRIOR 
TO WELDING.--<... 

(#306-1) _,,11k~~ 
( fil305-4) ----r-r~~.;:,;:'11 

......._, __ 
13 

26 

(#306-4) 

DO NOT CONNECT 
!11306-2 TO #305-1_ 

The measure has three 
parts: · 

• a plastic tube with one end 
sealed, 

• a ruler, marked in millimetres 
and centimetres, glued to the 
outside of the tube, and 

• a foam-covered strip of plastic 
inside, with a plunger rod to 
press the fry, gently, against 
the side of the tube. 

The drawings show how to 
build your own fry measure. 

1. Unless otherwise noted, all 
parts are of clear, cast, 
extruded or sheet acrylic, 
solvent welded. 

14 

2. All corners and cut edges 
. must be ground smooth. 

(fi1306-2) 

HALF SECTION 
30 VIEW 

Materials: 
• 38.1 X 3.2 wall tubing (155 

mm long) 
• 6.4 rod (27 mm long) 
• 10 mm thick polyurethane 

foam 
• 177 mm strip cut from 31. 75 X 

3.2 wall tubing 
• a clear plastic ruler graded in 

mm andcin 
• solvent. 

~semble as shown . 

k_ TUBING 

HALF SECTION LJ 
END VIEW 

(fi1305-1) 

RULER GRADUA ilONS 
IN MILLIMETRES 
AND CENTIMETRES. 

(#306-1) 

To use: 
To use the measure, partly 

fill the tube with water, slip fry in, 
head down, lying between the foam 
arid the side of the tube. Gently 
compress the foam strip to hold fry 
against side of tube. Read measure 
from mle. Helease pressw·e and 
retwn fry, alert and unharmed, to 
the water. 

Replace water in tube after 
a few fry to keep oxygen level _up. 
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Th-ings to build 

Tagging gun 

GROUND 
NEEDLE 

A gun for spaghetti tagging 
adult salmonids is costly, so SEP's 
Joe Kambeitz designed a one-shot, 
inexpensive tagging needle. 

They are made from horse­
size hypodermic needles (No. 14 
gauge), available from veterinary 
supply stores. 

To make each tagging 
needle, insert a piece of wire (to fit) 
into the hollow needle. This keeps 
the sides from collapsing while you 
gi.ind off the side of the needle on a 
bench gi.inder. The slot created 
should be wide enough to allow the 
attachment line of the tag to go 
down it, and long enough to fit the 
tee and hold it Secw·ely (see tight). 

This leaves sharp edges 
that will cut the tee off. To smooth 
them, lock a pin (head out) into a 
dtill, dip the needle into gi.inding 
compou~d and run the pin into the 

Equipment and materials 

needle slot a few times. 
Epoxy cement the needle to 

a one-cc syringe, pull out the 
plunger, remove the rubber cap, 
and stick a long nickel pin through 
the cap (the best are the ones that 

TAG INSERTED 
INTO NEEDLE 

hold Petersen disc tags through 
the back of.adult fish). Replace the 
plunger, push as far forward as 

. . possible; cut off the pin. 
To use, clip a tag cleanly 

from the bandolier and insert the 
tee down the bore of the hypo (it 
can now be carried in a corked 
cigar tube). Tag a fish alongside 
the dorsal fin by sticking the 
needle along, just tinder the skin, 
up to the coloured portion of the 
tag. Press the plunger and remove 
the needle. Give the tag a good 
yank to set the tee crosswise and 
release the fish. Be sure the tag is 
not sticking out to twist in the 
current and create an open wound. 

You can also try to anchor 
. the tag amongst the bottom of the 
dorsal-rays, -but be sw·e it is lying 
flat alongside the fish. 

Flow gauge 
Bill Chinnick designed this 

simple flow measurement gauge. 
A piece of plywood forms a 

hinged gate. It hangs against the 
open end of the inflow pipe. The 
more water there is 'flowing out of 
the pipe, the wider the gate opens. 
A second piece of plywood is used 
to shape a gauge, secured atop the 
pipe. A bent wire, attached to the 
gate, moves across the face of the 
gauge (see drawing). 

To scl gauge, use the 
traditional calculation method once 
(see below*) at each of the several 
flow rates. Mark the position of the 
wire at each flow rate. In fi.Jture, 
just read the gauge. 

*To measure water flow 
rates: use a 25-litre pail, marked 
with waterproof ink or paint on the 
inside at 5, 10, 15, 20 and 25 litres. 
Put container under the flow and, 
at the same moment, start stop­
watch. When water reaches one of 
the marks, pull the bucket away 
and stop the watch. Divide the 
number of litres by the number of 
seconds for a litre per 
second flow rate. 
Multiply it by 60 

. for litres per 
minute . 

l'nflow pipe 
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"Magic" intake 

A ·great deal of material 
travels over a flat perforated intake 
plate at grade level in a stream. As 
small stones roll across the plate, 
some settle into the intake holes. 
The entire plate can get plugged. 

A corrugated aluminum . 
intake plate improves the situa­
tion. The corrugations run the 
same way as the flow. D1ill intake 
holes along the ridges of the 
corrugations (see illustration). 

Sand and silt wash along 
down in the grooves; cleaner water 
enters through the intake holes on 
the crest of the corrugations. 

This plate is .9 metres (36 
inches) square and has 3000 holes, 
0.5 cm (118 inch) diameter drilled 
into it. The holes begin 20 cm (8 
inches) back from the leading 
(upstream) edge of the plate. This 
allows the sand and gravel to sink 
into the grooves before the water 
reaches the first of the intake 
holes. 

Normal operation draws 
136 - 182 litres (30 - 40 galfons) per 
minute through the intake plate, at 
a 30 cm (12 inch) head using 76 
mm (3 inch) diameter pipe. The 
intake box is equipped with a one­
inch diameter bleed line at the 
bottom .. 

This works except at very 
high flows, when the groves cannot. 
handle the amount of sand and 
gravel traveling over the plate. 

· A solution was devised, 
based on the fact that an old 
sandbag swished through water 
comes out clean because the holes 
in the sack are flexible. When the 
burlap weave moves, virtually all 
the material plugging it drops free. 

A fine nylon cloth (not a 
mesh) over the plate takes 
advantage of this tendency to self­
clean. Put the piece of nylon over 
the intake plate, attaching it only 
to the leading edge. 

The holes in~the nylon are 

16 

less than 
one-quarter 
the diameter 
of the holes · 
in the plate, 
so any 
material that 
passes 
through the 
cloth will 
pass easily . 
through the plate. The movement · 
of the water moves the cloth, · 
keeping it clean. Maintenance is 
done, infrequently, with a broom. 
The cloth fs 1/32 marquisette, 
available from Redden Net 
Company, Vancouver. 

CORRUGATED 
INTAKE PLATE 

Fry counter 
The diagram below shows 

how to build a simple fry counting 
device for your project. 

Phototransistor to count fry 

DIAGRAM A 

R1 Variable 
Resistor 

NPN Photo 
Transistor 

DIAGRAM· B 

.. .. 

DIAGRAM C 

9V 

1/8" Mesh 

Circuit Board 

C·Col lector 
E·Emitter 
B·Base 

Phototransi stor 
Switch 

12V Car Bulb 
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The Tynehead egg save.r 
At a large hatchery, with 

million of eggs incubating, the loss 
of a few may not seem to be a 
serious matter. For a volunteer 
project, however; a few eggs lost is 
cause for concern. 

Volunteers at the 
Tynehead hatchery in Surrey were 
concerned about one cause of egg 
losses. Like creative volunteers 
throughout B.C., they invented a 
solution. 

In the shocking process, 
eggs are pow·ed from the Heath 
tray. Tynehead volunteers noticed 
that, during this procedure, the 
eggs seem to bunch up, then fall all 
at once. As a result, a number 
would miss the bucket and fall 
onto the floor or down the drain. 

Dave Ha1Tison, one of the 
volunteers·, came up with a simple 

· way to solve the problem and stop 
the losses. Dubbed the "Tynhead 
egg saver," it is easy to _build, 
inexpensive and functional. The 
diagram shows how it is built and 
gives dimensions so others can 
copy the design and save eggs· at 
their projects. 

Matefial needed: 
1. 121.9 cm (48 inches) of8 

mm by 8 mm (5/8" by 5/8~') wood for 
frame 

2: 3 mm (1/8") Plexiglas to 
cover frame 

3. 11 brass screws. 
· The egg saver is a see­

through cover for the Heath tray. 
The wood frame fits into the lip 
around the Heath tray to hold the 
cover in place. When the 
assembled device is tipped, it 
funnels the eggs out through an 
opening in one corner. 

The device has an 
additional benefit, too. If 
necessary, you can play water 

through the screen to wash down 
any reluctant eggs that have built 
up in the screen. 

"It works well for us," say 
the 1'ynehead volunteers, "maybe 
it can help you, too." 

Metric equivale~ts to 
diagram measurements: 

·11 118" = 28.2 cm 
13 1/8" = 33.2 cm 
16 1/4" = 40.9 cm 

7 1/8" = 18.0 cm 

TYNEHEl\D 
E.GG SA\JER 

' ... 

/' 
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The umbrella tank cover 

This tank cover for round 
rearing tanks offers· protection 
from birds - no small benefit.· 
During the fall months, when the 
leaves are falling, it will help you 
keep the tanks cleaner, too. 

Bill Chinnick, of the 
Granthams Landing Salmon 
Association on the Sunshine Coast, 
who provided this design also 
provided instructions on how to 
build an automatic feeder for 
Public Involvement projects (see 
page 7). 

The tank cover is a simple 
design that can be built from easy­
to-get materials. For instructions, 
see next page. 

Different covers for 
different needs 

The Soames Creek project, 
which uses this cover, has 2.44 m 
(eight foot) diameter tanks but this 
cover could be built to any size. 

The umbrella-like device 
could be covered with netting to 
keep hungry birds at bay or it 
could be used with a tarp covering 
to keep out leaves and pine 
needles. 

D 

The Umbrella tank cover is D 
easy to construct, made from 
readily-available materials; and. is. D 
free-standing once in place. 
Disassembled, it is easy to store. 

Ntl OR. 
TAR'P 

It may resemble a cirrns 1e111, hut e11/umceme111 experts will recog11i:e a f'irr·ular 
rearing 111h mu/er the cover .~lumm above. '/11e devic't'. topped with a ~1e1, foil.\' hungry 
birds. Coverecl with a IClrp, ii ccm Clll c/011111 011 your cleaning chores by keeping 0111 
leaves and pine needles. 



Materials needed: 
./ 10 to 12 lengths of# 4 rebar, 

139. 7 cm (55 inches) long (for a 
larger tank, ·use #5) 

· ./ one length of redi-rod or a 
long bolt 

./ two large washers and two 
nuts to fit redi-rod 

./ one length of 3.8 or 5.8 cm (1 
1/2 or 2 inch) steel pipe (to hold 
number of arms you are using). 

Method: 
0 Bend rebar lengths at one 

end to length indicated (for size 
shown, .91 metres, or three feet). 

0 Weld short stubs to bottom 
side a short distance from outer 
ends. 

0 Assemble center section· 
thread washer and nut onto b~ttom 

Equipment and materials 

.4lm 

of redi-rod. 
ODrop pipe onto rod and 

arrange rebar arms around 
perimeter. 

Note: To aC'hieve a slope of three in 
twelve, use the• dime11.~io11s .~/ww11. 

OAdd second nut and tighten 
to achieve umbrella effect with 
arms. 

OPosition unit on top of tank 
and cover with netting or tarp. 

13E . Su Q..e: ""Ro l>.s 

.I>o \~OT coH.e: ro 
li'OITOM t> r:'" f' \PE 
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Waders and wading 

Fall brings broodstock 
capture. That usually means 
getting into the river. SEP 
community advisor Barry Peters 
(Terrace) offers the following . 
suggestions for getting through the 
seasori without getting your feet 
wet. 

It's November, raining of 
course, and I've just stepped into. 
the tiver to look for coho 
broodstock. With Polaroid glasses 
on, a warni peaked hat, and my 
trusty waders, I should be ready to 
face the day._ 

Materials and cost 
Properly dressed and 

outfitted you can be comfortable in 
almost any weather on the river. 
Your waders are of prime 
importance 

. becau~e they 
keep you dry 
and in some 
cases, as in 
the neoprene 
types, also 
provide 
insulation 
from the cold. 
There are 
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many types of material; neoprene, 
rubber, vinyl, etc ... all have their 
good and bad points. Nooprene is 
warm in winter but hot in summer. 
Leaks are sometimes hard to find 
and harder to patch. Rubber 
waders are heavy and don't 
insulate from the cold well but a.re 
fairly durable and easy to patch. 
Vinyl and nylon are light but may 
tear easily. Holes are fairly easy to 
patch, but rips are almost 
impossible to deal with. Neoprene 
can be welded back together if a 
rip is too large for a patch. 

When wading in the river, 
use waders with felt soles if 
possible. They make a big 
difference in traction. 

Cost is usually a factor. 
Made to measure neoprene waders 
will be at the top of the price list 
with rubber, nylon and vinyl 
following, usually in that order. 

-I 

If the shoe fits ... 
Fit is important. Always 

get waders that have long enough 
legs to allow you to step over logs, 
etc. Having the crotch down . 
around your knees will make any 
movement awkward and 
dangerous. Having ·a roomy but 
tidy fit around, the _body is · 
important when you are working 
around nets. One accessory is 
important, too; a good set of 
suspenders usually takes a lot of 
tug off your shoulders. By the end 
of a long day, you'll notice the 
difference. 
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Rules to live· by 
There are some safety rules 

that should always be followed 
when you have to enter the river: 

. L Always look an area 
. over before you wade it; watch out 

for deep spots and fast water - -
areas to avoid. 

2. Try to avoid wading 
_ upstream, against the current. If 
possible, choose your entry point so 
that you can wade with the flow. 

Equipment and materials 

(If you slip, it is safest to sit down 
with your back to the current, so 
you can brace your legs to avoid 
being carried downstream.) 

3. When crossing a 
stream, don't twn your back to the 
flow, turn sideways - you present 
a smaller profile to the water, you 
can see what is coming toward you, 
and you can see where you are 
going. 

4. When crossing fast; 
deep water, use the buddy system; 
walk side by side with arms linked 
securely to provide each other with 
stability. Always communicate 
your stability to your partner -
work as a team. 

5. Take slow, deliberate 
steps. Always make sure your 

footing is secure before you 
take the next step. 

.. All work and no 
I " Pay ... 

Wading in our streams and 
livers is an essential part of any 
broodstock capture effort, but it 
offers some side benefits, too - -, 
don't miss them. Wading in a 
stream takes you away from the 
crowd. There are wonderful 
opportunities to see and expe1ience 
wildlife along our livers. Buy good 
quality, well-fitted waders and 
maintain them properly, wade 
safely, and you can enjoy it for 
many years to come. 
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Fish Culture 

The anatomy of an ATU 
2. Be sure to leave the 

thermometer submerged until the 
column of mercury has stabilized 
before reading the temperature. If 
possible, read the temperature 
with the bulb of the thermometer 
still submerged. If this cannot be 
done, be sure to read the 
temperature as soon as you take 
the bulb out of the water to avoid 
haviog air temperature alter the 
reading. 

Accumulated thermal units 
(ATIJs) are a vital part of the fish 
culturist's knowledge base. 
Temperature affects everything 
from the rate at which.eggs 
develop to the amount offeed that 
fry require and the amount of 
dissolved oxygen (DO) that water 
will hold. It is very important, 
therefore, that the culturist 
becomes familiar with the role of 

·water temperature in various 
aspects of enhancement projects. 

What is an ATU? 

An ATV is defined as a 
measure of the sum of water 
temperatures over a period of time. 

· That is, if the first day of 
incubation occurred in a water 
temperature of 8°C, the second in a 
temperature of7°C and the third 
in a temperature of9°C, then the 
A TU at the end of day three would 
be 24. 

ATVs are used in B.C. 
hatcheries to determine the stage 
of egg development, and to predict 
the date of hatches. The method is 
quite accurately developed for most 
situations. Other factors, apart 
from temperature, do play a part 
in determining the speed of 
development as well .. For this 
reason, .when incubation takes 
place in particularly cold water, 
the fry will emerge at a lower than · 
expected A TU reading. The time 
factor becomes so prolonged in 
such a case that emergence will 
occur at the lower reading. In 
general, the significance of other 
factors such as oxygen levels and 
water flows, which operate in 
nature, is minimal in fish culture 
operations. so temperature tends 
to become the major variable. 

How to measure 
The ATV reading is 

developed day by day, by charting 
the temperatures and adding each 
day's reading t.o the sum of the -
readings from the preceding days. 
The form shown (next page) is used 
to record the individual·day's 
temperature reading and to add it 
to the preceding total so that an 
ongoing A TU chart is kept. (A 
computer and spreadsheet 
program can easily computerize 
the chart and operation.) The form 
allows a project to chart several 
different egg-takes (with different 
start dates) and more than one 
incubator for a given egg-take if · 
necessary. 

The procedure is as follows: 
1. Take the temperature at 

the same time each day, and from 
the same part of the water flow. 
This will guard against readings 
being inaccurate due to localized or 
diurnal fluctuations. 

3. Enter the reading in the 
appropriate column of the 
accumulated thermal units chart. 
The chart should be kept posted 
close to the temperature taking 
site for both accuracy and 
convenience. 

4. If there are several 
incubators to be charted, take and 
enter the temperature for each one 
before calculating the accumulated 
totals for the day: . 

5. Once all the 
temperatures are taken and 
recorded, add each day's new 
reading to the sum of those from 
before for that incubator. The 
resulting number is the ATU 
reading. 

Abbreviated A TU Chart 
Salmonid embryonic development predictions* 

s ioecaes T emD Eved 50% Hatch Swim-on 
oc Days ATUs Days ATUs Days ATUs 

Chinook 50 51.5 257.5 102.4 511.8 199.2 996.1 
100 24.9 249.~ 52.6 526-4 93.2 931.7 

Chum 50 50.1 250.3 99.6 498.2 168.9 844.4 
100 22.9 229.0 54.4 544.5 104.9 1049.0 

Coho 50 46.1 230.6 93.6 467.8 155.3 776.6 
100 22.8 227.8 45.9 459.5 81.4 813.9 

Pink 50 51.4 257.'2 .. 109.0 545.0 173.6 868.2 
100 23.I 231.4 63.0 6'29.6 103.4 1033.9 

Sockeye 50 48.2 240.9 122.8 613.8 188.5 94'2.6 
100 25.0 249.6 69.3 693.'2 108.8 1088.'2 

Steel head 50 34.3 171.4 70.7 353.4 1'27.6 637.8 

10° 17.1 171.0 32.9 3'28.6 63.6 635.9 

*These predictions were obtained by using the SIRP program described in the Can. 

Tahc. Rep. Can. Fish. Aquat. Sci. no. 1878 (Jensen et al. 1992) 
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What does the 
reading signify? 

Dw·ing the first days after 
incubation begins, the recording of 
these readings may seem boring 
work. The information that the 
·record provides becomes much more 
interesting to the fish culturist, 
however; as the days pass and the 
A'l'lT rcudin~N hc~in to ncur the 
totals at which hatchery fry can be 
predicted. The chart shows the ATU 
reading at which various species of 
fry can be expected to eye, hatch 
and emerge. 

Unusually warm or cold 
water can cause some variations 
from this chart, but for most· 
projects it will prove to be quite 
accurate. 

-What else does 
temperature 
affect? 

Water temperature 
remains a significant factor after 
the fry emerge from the gravel. 
Fry will grow more quickly, and 
will require more feed in warmer 
wutci·. 'l'hc wutcr will nlNo contuin 
less dissolved oxygen at higher 
temperatures. For these reasons, 
it is still important to keep a 
record. of water temperatures 
during the rearing stage, even 
though the accumulated thermal 
unit reading is no longer · 
significant. ~ the water warms in 

ACCUMULATED THERMAL UNITS 

PROJECT . mlu'v &cb4Mc< ""etd 7hz.,rec-C SPECIES 

MONTH (} ·1&1<-ntaJ.gc BROOD YEAFI 

EGG TAKE NO. 1 2 3 4 5 

INCUBATOR NO. I z 
DATE TEMP. 

1 - -

2 

3 '1- '::/-
4 ~ . 1fr 
5 1- ~~ + '1-
6 ';/. ~9 14 11 
7 g 3':/- ;?.) ·;1~ 

8 ~ lf5' '30 3() 

9 9 5ij 3 q 3q 
10 

11 

12 

13 

14 
24 

15 

the spring, the fish culturist knows 
that the fish will be growing faster 
and may need considerably more 
feed. As well, if the temperature is 
nsing, it is important to check the 
dissolved oxygen levels frequently 
(see Tipsheet on Dissolved 
oxygen). 

While taking and l'CC01'dihg 
temperatures each day m~y seem. 
to be. a lot of bother, the 
information that hccomcs availahlc 
will help your pn~jccl IA> incuhalc 
and rear a strong and heal thy 
group of juveniles. When you 
consider all the work that goes intQ 
an enhancement project, t_he 
checking of temperatures is just a 
small amount of effort to achieve 
results. 
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Broodstock 
capture 

Capturing broodstock can 
be an interesting and exciting part 
of an incubation project. On the 
surface, catching fish for their eggs 
or sperm seems simple enough, but 
mistakes can be wasteful. This 
Tipsheet offers a few pointers that 
may help you. 

Correct species 
Many times there will be 

two or more species of salmon and 
trout on the spawning grounds at 
once. Know what species you have 
permission to capture. Be sure that 
everyone involved can quickly and 
easily identify the fish you want. 

Correct sex 
It is very important to be 

able to tell the difference between 
male and female salmon. There is 
a sad story of one project that had 
permission to take 20 salmon. 
They did; 19 males and one female. 
This can be vecy embarrassing -
and very wasteful. 

Correct ripeness 
If you have a holding 

facility where you can keep your 
broodstock live after capture, there 
is little problem. If, however, you 
are like many projects, and have to 
catch-and-carrY", then you'should 
know how to check a fish for 
ripeness before you kill it. (A firm, 
but gentle hand run down the belly 
will release eggs or sperm from a 
·ripe fish.) This is not as easy as it 
sounds; learning to judge ripeness 
takes experience. Work with an 
experienced partner until you fully 
develop your skill. 

Releasing fish 
Whatever method you use 

to capture your broodstock; gillnet, 
seine, dip net, rod and line, traps, 
there are two important points to 
remember. First, don't create a 
poaching opportunity by leaving 
traps or nets unattended for others 
to use. Second, be prepared to 
release fish alive and unharmed. 
Many projects are working in areas 
where adult fish are scarce. Don't 
add to this problem by accidentally 
killing fish; check your traps or 
nets often; cut the gillnets if 
necessary to free unneeded fish. 
All fish that are not the right 
species, sex or ripeness should be 
set free. as quickly - and carefully 
- as possible. 

Fecundity 
YOU should have a rough 

idea of how many eggs there are in 
a given .fish. Egg numbers can vary 
from less than 1,000 to more tqan 
12,000 per fish, depending on 
species and size. If you have 
permission to incubate 50,000 
eggs, figure out in _advance how 
many females you need to capture. 

Be quick 
The rule of every 

broodstock capture should be this; 
get in, take what you have 
permission to take, and get out .. 
Most likely your broodstock 
capture will be from a natural 
stream, and you will be capturing 
from among the few fish that have 
made it past all the obstacles and 
perils. These are very valuable fish 
and every effort must be made to 
avoid disturbing the main 
spawning population in any way. 

Fish Culture 

Beware of "half 
empties" 

Unless it is absolutely 
necessary, don't take the fish that 
are half full of eggs or sperm. 
Many times the struggle of 
capturing them introduces water 
in.to the cavity and a high number 
pf unfertilized .eggs may result. 

Select from 
.throughout the run 

Factors such as water 
levels may limit your options, but 
it is always best to try. to select 
broodstock from throughout the 
run. 

Don't pick only 
large fish 

Don't _choose all large fish 
for your broodstock. The size 
diversity of salmon is important. 
As in nature, you should aim for 
genetic diversity. When capturing, 
select a size and timing range 
similar to what you see in your 
creek. Also, don't be afraid ·to use 

· sperm from jacks. Doing this 
crosses the genetics o(a brood 
which is a year younger than the 
adult female. 

Watch for· 
poachers· 

Sadly, poachers do exist. 
They may wait for you to leave a 
fish in a holding tube or pen. 
Make sure that you have a secure 
or secret place to hold Y'our fish for 
ripening and check them regularly. 
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Avoid stress 
You are capturing and 

confining a wild animal. Ifit isn't 
ripe and you must hold it, you will 
have to make it comfortable and 
se<;ure or it may die before 
becoming ripe. Keep your broo.d­
stock in a quiet place, away from 
disturbances. Watch them. 
ca~efully and treat them for 
disease if it is warranted: 

Ke.ep a record 
Record where you captured 

your fish, how many you took, how 
strong the run is, etc .. That is · 
valuable information for next 
year's egg-take. 

Also, contact both Fisheries 
and Oceans and the B.C. Fish and 
Wildlife Branch before you 
conduct a stream-side egg-take. 
You may have your permit, but if' 
the authorities do not know where 
and when you will be operating, 
and get .a call from someone who 
thinks you arc poaching, they may 
waste time checking you out. 

Finally, please cut all your 
broodstock in half (crossways) after 
you have used them. Long after 
you are gone, people may call the 
fishery officer and report finding 
"belly robbed" fish on the creek. 
Cutting the fish is a simple way to 
let them know if it is your carcass. 
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Species identification 

Coho salmon 
Migrating - nostrils white; black spots on back and upper lobe of caudal 

fin; dorsal surface a dark, metallic blue. ' 
Male - nostrils white; body colour very dark; side of body with broad, red 

st1ipe; caudal fin spotted on upper lobe only. 
Female - (not illustrated) resembles migrating form, but overall colour 

darker, with broad red lateral. stripe. 

MIGRATING 

Chinook salmon 

Migrating - dorsal fin greenish-blue to black; moderately large, irregular 
black spots on back, upper sides, dorsal fin and both lobes of caudal 
fin. 

Male - forward part of body may deepen considerably; body spots present 
and caudal fin spotted on both lobes (as in migrating form). · 

Female - body dark; spots on body and caudal fin (as in migrating form). 

MIGRATING 

For ji1rll1cr specie.t ide11tijiclltio11 
co11s11/t "Stream E11/1ar1ce111e11t 
G11ide," al'ailnble tliro11glt your · 
co1111111111ity adl'isor. 
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Broodstock care and egg-takes 
A. Holding 

Once you have obtained 
broodstock, you may need to hold 
them until they are 1ipe (ready to 
spawn). Following proper holding 
procedures is impbrtant. · 

Net pens, PVC tubes, 
Capilano troughs with dividers or 
condominiums can be used to hold 
adult fish .. Sufficient water flow is 
essential; ·if it. is too low, the fish 
may die or fail to ripen. If possible, 
hold each adult in isolation to 
reduce frequent handling/sorting. 

Holding pen 
Adults can be held in 

standard net pens until they are 
ripe. This method does not allow 
for segregation of fish by ripeness 
unless you have two or three pens. 

The pen illustrated h~s 
been fitted with a false bottom 
which can be raised to bring fish to 
the surface for handling and 
sorting. 

The false bottom is made of 

net-covered aluminum. This is 
. fitted to guides which run up each 
of the 50 mm (2 inch) diameter 
galvanized corner posts, using 
rings on the f~lse bottom. Ropes 
are attached to the bottom and 
used to raise it. This creates·a 
shallow pen from which you can 
remove fish easily to check them. 
The fish are much calmer when 
handled this way. The effort 
required to check maturing fish for 
ripeness and to remove dead fish 
from the pens is also greatly 
reduced. · 

Fish Culture 

Capilano trough 
Capilano trough dividers 

can be used to segregate green 
females by degree of ripeness. This 
cuts down on handling and sorting 
which stresses fish. Dividers may 
he positioned anywhere in t.he. 
trou~h. and moved if't.he nurnher.of 
fish in each group changes. Watch 
for rough aluminum sides, which 
can cause injury and check loading 
and flow rates. 

C"piltlllo lro111:h 

PVC pipe 
Capilano troughs can 

provide individualized holding for 
broodstock if PVC pipes are used. 

Each fish is kept in a 
length of pipe. The pipes are tied in 
bundles and arranged in the 
troughs with perforated plywood 
dividers separating each bundle. 

The pipe should be: 
e black or white PVC 
e I!) cm (6 in.) diameter for 

females 
• 20 cm (8 in.) diameter for 

males 
e cut just slightly longer than 

the fish; 75 cm (30 in.) for 
coho 

e smooth on the inside. 
27 
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They are bundled as shown 
in the diagram. Because of the 
weight of fish, water~ and tubes 
during handling, the individual 
tubes must be drilled at both ends 
and lashed to their neighbours 
with codlirie. 

· Each tube is numbered and 
each bundle lettered for easy 
identification. Each bundle must 
also be lashed, all around the 
edges, to its perforated plywood 
sheet' which should be· 3/4 inch . 
material. 

As each bundle is loaded 
with fish it must be tied with two 
lines to the downstream end of the 
Capilano trough. To prevent fish 
escapes, place 25 mm (1 inch) mesh 
anti-predator screens over the 
trough and weight them down. 

When the last bundle is 
. placed, close its end with- a piece of 
plywood or a screen to prevent 
escape. Rocks or cement blocks will 
prevent floating. 

Check that water flows are 
appropriate. 

I I 
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PVC pipe 

Condominium· 
Condominiums are water­

proofed plywood boxes, each large 
enough to hold two fish. Two banks 
of these condominiums can be 
assembled as illustrated, allowing 
the water to flow from the .first 
units into the second set. Because 
the fish can be handled 
individually there is less stress and 
it takes less time to check the 
broods tock. 

Condominiums can be used 
effectively by placing a green 
female with a ripe male to speed 
her ripening. (Monitor this closely.) 
Flow load rate should be 1 to 1.2 · 
kg/litre per minute. Volume load 
rate is 32 kg/m3

• . 

Staple waterproof paper 
onto the holding unit to identify 
each fish by species, sex, stream 
origin, capture date and condition 
ofripeness. Handle adults in 
holding as infrequently as.possible 
to reduce stress and possible 
mortality. 

C 011dom i11 izmz 

. B. Sorting 
Before sorting your females 

(ripe versus green), and killing 
t.hoHe which nre ripe, you Rhould 
be sw·e that there are ripe males 
available (either in hol'ding or 
easily caught in the stream). 
Sperm is much more sensitive and 
loses its viability more quickly 

·than eggs; therefore it should be 
taken last. 

The following describes the 
general procedw·es to follow when 
sorting yow· fish. Always work · 
with an experienced egg-taker your 
first fow times. 

Grasp the female fish by , 
the tail, being prepared for a 
certain amount of thrashing. It's 
best to use a wool mitt on this 
hand. Do not allow the fish to bang 

- against any hard swfaces. For 
. chinook it may be necessary to 
' anesthetize the fish in order to 
handle it. 

There are several 
characteristics to look for. When a 
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Fish Culture 
( . 

procedures once your fish have Stripping the fish female npens, the eggs detach 
from the skein and become loose ripened will ensure the success of 

LJ 
inside the body cav?.ty. When the your incubation project. A minimum of two people 
fish is held up by the ~ail; the loose 

I 

are required for stripping eggs and 
eggs will slump down towards the Killing milt. Protection from both sun and 

n head end. In addition, ifthe fish is rain and a plentiful supply of 
· relaxed, the belly should be soft to When you have determined paper towels are also essential. 
the touch. You should use your that a female is ripe, suspend it by 

LJ 
bare, free hand to check for this. the tail with your mitted hand and •Females 

If the fish is relaxed but kill it with a sharp blow between 
still firm, return it to its holding the eyes. Avoid any blows too high One person (the fish 
container. Make a note qfthe date on the head towards the body holder) should remove the females 

n and condition of the fish. With cavity and do not have the fish from the bleeding rack in the same 
experience, you will be able to - resting against anything when you order they were killed (first to 
predict when to check again. strike it. Either action could cause last). Use a dry, mitted hand to 

Li 
Watch for general health as well as broken eggs and internal bleedi:rig. grasp the tail. Use your free hand 
ripeness when checking your fish .. It's also best to have a thong to wipe the fish clean with paper 

If the fish feels soft and attached to the handle of the towels. 

u looks ripe you can confirm this by killing club and wrapped around Once the fish is clean and 
trying to express a few eggs from yaur wrist. This will prevent the dry, grasp the head with your free 
its vent. While grasping the fish by chance of a flying club injuring a hand. Place your thumb and 
the tail with your mitted hand, co-worker. forefinger in the eye sockets or 

u tuck its head. under your other arm under the gill plates to provide a 
and turn it to a horizontal position. Bleeding the good grip. Tip the fish upright over 
When the fish relaxes, use your the spawning basin with the 

LJ 
free hand to gently stroke its broodstock ventral side outwards. Do not tip 
abdomen from the pectoral fins the fish upright until it is over the 
toward the vent. If the fish is ripe, Hang the freshly killed fish basin or you could spill some eggs. 

Li 
light pressure should cause the by the tail (head down) on a The second person (the fish 
ovipositor to extend slightly and bleeding rack. (See page13 for a stripper) should use a "Zak" 
eggs to be expelled. safe design). Locate it in the shade. spawning knife 1:Q slit the fish. The 

Be very careful with this Use a knife to sever the artery in incision should be made from the 

u techn,ique. If too firm a pressure is the throat area just below the gills. v~nt, -around the outside of the 
applied, eggs can be broken Allow the blood to drain for ventral fin and then up to the 
internally. The yolk from the.se three to five minutes. This reduces center of the abdomen to th.e top of 

LJ 
eggs will coat surrounding eggs the chance of getting blood into the. the body cavity. 
and greatly reduce the fertilization eggs while stripping. Although it Keep the distance the eggs 
rate. It is also possible to expel a has been shown recently that a must drop to a minimum. Some 
few loose eggs from a fish even moderate amount of blood mixed eggs may remain attached to the 

LJ though the majority are still bound with eggs does not significantly skeins. Any that do not fall off with · 
to the skeins. If you rely solely on reduce fertilization, it is still a a gentle shaking should be 
this technique, you may be misled good idea to avoid blood discarded. 

Li into killing an occasional green contamination. A small amount of blood 
female. The eggs should be mixed with the eggs may be 
Check all the indicators, rather . stripped from each female within unavoidable. Try to keep it to a 

LJ 
than relying on just one. 10 minutes of Id.Hing, especially if minimum; dry paper towel can be 

the weather is hot or freezing. used to blot up most of it. The 

C. Egg-takes Depending on the size and stripper should check for water 
experience of your egg-take crew, hardened eggs (particularly if the 

u With experience you should you will have to judge how many fish appears partially spawned). 
be able to easily recognize ripe fish fish to kill at a time. These will be translucent, as 
by look and feel. If there is still any opposed to the opaque colouration 

Li 
doubt about a fish being ripe, of normal eggs, and the hardness 
return it to the holding container will be easily distinguishable by 
for another day. Following proper touch. All of the eggs from such a 
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fish may be in the process of water 
hardening and therefore unfer­
tilizable. They should be discarded 
unless you are having serious 
trouble attaining your egg quota. If 
so, you could retain, fertilize and 
incubate them separately. This will 
prevent them from adversely 
affecting your good eggs. 

Definitely discard the eggs 
from any female with cloudy 
ovarian fluid. These eggs could 
spread disease. 

- Once the stripper has 
checked the eggs, they can be 
poured into the appropriate 
containers (i.e., one for good eggs 
and another for questionabl~ eggs). 
Slope the bucket so that the eggs 
roll gently down the side. Replace 
the lid on your egg bucket, then 
wipe the spawning bucket clean 
and dry with paper towels. While 
all this is going on the fish holder 
should be preparing the next fish. 
Keep an accurate record of the 
total number of females.stripped. ~ 

• Males 
Once all the eggs are 

taken, put the bucket in a cool, 
secure place. You can then proceed 
with stripping the males. 

Depending upon the 
availability of male broodstock, you 
can either kill them prior to 
stripping (for ease of handling) or 
strip them live and return them to 
the holding containers (for re-use 
later). 

Before killing the males, 
check to see if they are ripe. This is 
done by expressing a small amount 
of milt, by much the same 
procedure as for expr~ssing eggs 
from the females. 

Once you have a ripe male, 
wipe it dry with paper towels. 
Then one person holds the fish and 
the other holds the milt receptacle. 
Ziploc bags are ideal for this 
purpose. 

When expressing the milt, 
the stream initially may appear 

[30 
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watery. The person ·holding the 
container should wait until the 
milt is milky white before moving 
the receptacle to catch the stream. 
About 10 to 20 ·ml from each male 
is sufficient. Don't try for too much 
milt or you may contaminate it 
with blood or feces. 

If the fish holder is using a 
wool mitt, make certain that water 
from th·e mitt doesn't run down the 
fish and mix with the stream of 
milt. Watei:- activates the 
swimming motion of sperm. This 
lasts for only 10 to 15 seconds 
before they die. 

You should strip at least as 
many males as females at each 
egg-take to maintain genetic 
variety. Strip each male into a 
separate container as it is thought 
that sperm from some males may 
dominate when pooled with others. 
These procedures are particularly 
important when dealing with small · 
populations (fewer than 25 pairs). 

Each container of milt is 
sealed (watertight) with at least an 
equal volume of air inside. Keep 
these cool along with the eggs (i.e., 
on ice in a cooler). 

Fertilization and 
planting 

Once you have collected an 
adequate supply of milt, you are 
almost ready for fertilization and 
planting at the hatchery. First, you 
may want to set aside some or all 
of your broodstock carcasses for 
sampling. This involves length 
measurements and scale sampling 
(to detennine age). The sampling 
can be carried out later. 

Next you must calculate 
approximately how many eggs you 
have. Take three 50 inl sub­
samples and count the number of 
eggs in each._ From this, calculate 
the average number of eggs per 50 
ml. Using a measure (as small as 
practical, for accuracy), determine · 
how many ml of eggs you have in 

total. Now multiply these two 
figures to determine the total 
number of eggs as follows: 

number of eggs/50 ml X total ml 
of eggs= total number of eggs 

Knowing the number of 
eggs per ml allows you to divide 
your ~ggs up into convenient 
amounts for fertilization and 
planting (i.e., 5000 chinook or 8000 
coho eggs for each Heath tray). 
Divide your bags of milt equally 
among the lots of eggs. 

You are now finally ready 
for fertilization. Add several (two 
or more) bags _of sperm to each lot 
of eggs. Never fertilize a group of 
eggs with milt from just one male 
(it might be sterile) or even with a 
single bag of pooled milt (it might 
be contaminated with water). 

Once all the milt is added 
to a batch of eggs, pour in some 
water to activate the sperm. 
Gently mix by hand for 10 to 15 
seconds. Wait a little longer (just 
to be sure) then rinse with clean 
water. Drain off the excess water, 
then plant the appropriate number 
of eggs 'in each incubator. Record 
the number of eggs in each 
incubator. Record the volume (in 
mlj and the number of eggs in each 
incubator along with the date.and 
stream of origin. 

If you follow these 
procedures carefully, you will 

. greatly increase your chances for a 
successful egg-take and a high 
fertilization rate. 
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Choosing - and using -
disinfectants 
. Disinfectants· are essential 

in running a hatchery operation, 
large or small. This Tipsheet . 
offers information from -B.C. · 
Ministry of Environment's Fish 

· Health biologist Sally Goldes. 
Before using any 

chemicals, consult your CA for 
up-to-date regulations and 
practises. · 

Introduction 
. Strategic and effective" 

disinfection of eggs, equipment, 
rearing units and facilities is the 
best defense against disease, 
particularly viral and bacterial 
diseases. Too often; however, · 
disinfectants are used improperly, 
thereby creating a false sense of 
security. The objective of this 
article is to describe the proper use 
of disinfectants commonly used in 
fish culture. 

Overview 
Detergents and hand soaps 

are suitable for cleaning hands and 
surf aces of organic matter prior to 
disinfection. In general they are 
very poor disinfectants and should 
not be .used with this purpose in 

mind. Alcohol is used commonly to 
sterilize dissecting gear in . 
combination with flaming. Bleach 
and fodophors are the chemicals of 
choice for routine disinfection of 
surfaces, rearing units and facility 
disinfection. Iodophors, when. so 
labelled, are the disinfectant of 
choice for eggs. 

Comparative 
efficacy 

Disinfectants are used to 
rid (sterilize) surfaces of fungi (i.e. 
Saprolenga), bacteria 
(Furunculosis, BKD, ERM, BGD), 
viruses (IHN, IPN), protozoa (Itch, 
Trichodina, Costia, etc.) and 
monogenetic trematodes (Gyro). No 
given chemical is Universally 
effective against all of the above 
pathogens. For example, iodophors 
are effective against fungi, 
bacteria, and viruses but not 
agwnst protozoa and trematodes. 

Chlorin~, on the other 
hand, is effective against protozoa 
and trematodes. As well, it is 
critical that disinfectants be used 
at the correct concentration and for 
the right length of time to achieve 
their purpose. 

Types of disinfectant 

Common disinfectants for fish culture include: 
Generic name Common name 

Detergent 
Alcohol 
Sodium hypochlorite/ 
Calcium hypochlorite 
lodophors 

Detergent. sodp 
lsopropyl alcohol 

Bleach, HTH 
Wescodyne. 
Argentyne 

·~ ,:· . •. , 

Fish Culture 

Human safety 
• Hands, face and eyes 

· Good quality rubber gloves 
should be worn when working with 
both stock and practical solutions. 
Some active ingredients (chlorine 
and alcohol) may cause skin 
irritation. Always wear protective 
glasses when working with 
disinfectants; many (particularly 
chlorine and alcohol) are capable of 
causing serious and irreversible 
eye damage and/or blindness. 

• Ventilation 
Chlorine bleach releases 

vapours which are harmful to eyes, 
nose, throat, and lungs. \Vhen 
exposed to high levels of gas, it is 
possible to be incapacitated. 
Ambient gaseous levels of chlorine 
should be well below one ppm 
(Workers' Compensation Board). 
Easy-to-use, on-site testing kits are 
available. When working in 
enclosed spaces and/or with stock 
solutions, a full face, nose and 
mouth respirator fitted with an 
"organic vapour, acid, gas" NIOSH 
approved cartridge must be worn. 
This cartridge will protect the 
wearer from levels of chlorine up to 
25 ppm. If, during exposure to the 
gas (while wearing the respirator), 
the chemical is tasted and/or 
smelled, then: 

i) the mask does not fit 
properly (one size does not fit all), 
ii) the cartridge is spent, or iii) the 
gas levels are higher than the 
protective capabilities of the 
cartridge. If possible, work with 
stock solutions out-of-doors unless 
you have access to a fume hood. 

Environmental 
safety 

Use disinfectants sparingly 
and neutralize them before 
discharge. Chlorine is easily 
dissipated by aeration (beware of 
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gas release), or neutralized (5.6 
grams sodium thiosulphate P.er 3.8 
litres of water containing 200 ppm 
of chlorine). Neutralize iodine by 
adding sodium thiosulphate until 
the solution is clear and colourless. 

Follow WIMIS 
regulations for storage, check 
restricted chemicals list before 
purchase or use. · 

Effective 
. application 

Disinfectants work only if 
used properly. The following 
procedures and fact.ors must be 
heeded in their use. 

Surface preparation 
Surfaces must be 

absolutely free of organic and 
inorganic matter before you apply · 
disinfectant. Organic m·atter binds 
the active ingredient, reducing the 
effective concentration, and it 
keeps disinfectant from contacting ' 
the surface. Scrub surfaces fust (a 
mild detergent, hot water, and a 
scrub brush - plu.S elbow grease!). 
Rinse thoroughly with clean.water. 
The simple rule - if it's not clean, 
it is a waste of time t.o disinfect it! 

Factors 
•Water temperature: 

lower water temperature requires 
longer contact times; higher 
'temperatures increase efficiency by 
two to three times per 10° C · 
increase. 

• Water hardness: 
hardness in excess of 300 ~ 400 
ppm destroys disinfecting ability. 

• Contact time: insure 
adequate (preferably excessive) 
contact time. Disinfectants do not· 
kill on contact. It may take 
minutes to hours for organisms t.o 
die. In general, use the following 
guidelines; exceed them if feasible. 
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lodophor 
Chlorine 
Chlorine 
Alcohol & flame 

JOO+ ppm 
'.!00 ppm 
JOO ppm 
70-80 ~ 

30min. 
60min. 
'.!hrs. 

!Omin. 

Strategies for use 
Disinfect properly, but only 

at selected points in fish culture 
practice, as allowed by the Bureau . 
of Veterinary Drugs: 

L At egg-takes. 
2. When eyed eggs and 

equipment are brought on-site, 
3. After equipment has 

· been used on diseased fish, and 
4. On equipment and 

rearing units after a group of fish 
has been removed. 

Specific tip's 
• Isolation: sanitation and 

isolation are as important as 
disinfection. Isolation should be 
practiced in the incubation room 
(separate boots, gloves, and 
equipment being left - and used 
- only in that room). It is easier to 
keep infection out than to remove 

·or kill it! 
• Sanitation: disinfection 

is no substitute for sanitation. 
Thorough cleaning of brushes and 
other equipment is essential. 
Never leave organic debris on 
equipment.- it is an ideal medium 
for bacterial growth. 

• Foot baths: foot baths 
don't work - organic matter on 
boots renders them ineffective and 
contact time is totally inadequate. 

' Use separate boots for incubation 
room and high-risk area. 

• Floors: consider the floor 
"hot." Discard any fish that fall on 
it and immediately disinfect any 
equipment that is dropped. Do not 
let hose nozzles rest on the floor. 

• Disinfectant stations: 
be sure disinfactant is at proper 
strength before use; mix new batch 
if in doubt. Clean equipment with 
hot, soapy water before 
disinfecting it. Rinse· equipment 

after disinfection .. Keep the rinsing 
area clear of contaminated 
equipment. Be aware of proper 
disposal of contaminated rinse 
water. 

Specific surfaces 
• Hands: "germicidal" 

·soaps are not effe(:tive. Use gloves if 
working in critical areas. In other 
areas, wash with scrub brush, soap · 
and the hottest water that can be 
tolerated for 30 - 60 seconds . 

• Egg: surf ace disinfection 
can be done at specific times 
(during and immediately after 
water-hardening; after eyeing). Use 
a buffered iodophor at 100 ppm for 
at least 10 minutes. Always 
disinfect eggs before bringing them 
on-site. (Be sure you have transport 
approvals for moving eggs.) 

• Equipment: use 
iodophors at 400 ppm and discard 
when the colour turns from dark to 
light brown. Equipment must be 
fully submerged to be disinfected! 

• Small rearing units:. use 
iodophor. Fill the unit to over­
flowing, add the iodophor to obtain 
100 ppm, mix well and leave 
overnight. Paint exterior surf aces 
with full-strength iodophor. 

• Large rearing units: 
chlorine is less expensive than 
iodophor. Apply chlorine so that at 
least 200 ppm is maintained for one · 
hour and 100 ppm for at least two 
more hours. Observe safety 
precautions. · 

A final note 
No one disinfectant kills 

everything, so follow disinfection 
with drying for as long as possible 
in a warm room and/or exposure to 
sunlight - nature's disinfectant! 
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Cold water incubation 
Unusually cold weather 

during incubation can cause 
problems for fish culture projects. 
The following information from 
Frank Velsqn at the Pacific 
Biological Station in Nanaimo may 
help you dwing the next cold snap 
you encounter. 

.Water 
temperatures and 
salmonids 

Pacific salmon spawn in 
British Columbia rivers from 
August until January. Steelhead, 
the sea-going form ofrainbow 
trout, spawn from March till June. 
Thus spawning occurs over a great 
range of water temperatures, from 
3.5° to 17° C. 

Pink salmon, the species 
least. tolerant. of cold, spawn from 
July till near the end of October, 
the warmest period of the fall and 
winter. 

Coho, the most. cold­
tolerant species, spawn from 
August until the end of January. In 
addition, all species have both cold­
and warm-temperature adapted 
stocks such as the sockeye in the 
Stikine River on the Alaska-B.C. 
boundary and those in the 
Nimpkish River on Vancouver 
Island. 

Information on 
tolerances 

Information on lower lethal 
temperatw·e limits (LLt), the 
temperatures at which mortalities 
occur, is sparse. The accompanying 
table shows the temperatures for a 
LLt at 10 percent (LLIO) and at 50 

percent (LL50) mortality. This 
temperature data is tentative as it 
was established with very few data 
points, and without information on 
incubation of cold-water adapted 
stocks. 

Mortality table 
Species Mortality 

10% 50% 
coho 2.0°C 0.5°C 
chi nook 4.2 3.0 
steelhead 4.5 2.0 
chum 5.0 2.5 
sock eye 5.2 2.8 
pink 5.0 3.8 

The body of this table 
refers to constant and .ambient 
incubation temperatw·es; constant 
meaning that,the range around the 
mean temperature was not greater 
than 2°C (that is, plus or minus 
1°C). Ambient temperatures may 
cover quite a range s'tarting at 
12°C at fertilization anci declining 
during incubation to about 4°C, 
depending on the time of the year. 
The initial "w~,:rm" pe1iod of 12°C 
is essential to the survival of the 
embryos of warm-water stocks. 

This information suggests 
one incubation strategy. 

A. Starting warm 
If hatchery water 

temperature is low (4-5°C) when 
green eggs arrive for fertilization, 
mortality can be kept to a 
minimum by incubating these eggs 
for about three days or more in 
water at 6 to 8°C before dropping 
the temperature down to 4°C. 

This will allow the early 
cell divisions to progress to a more 
low-temperature-tolerant stage 
(usually beyond the 128-cell stage). 
The lowest mortality can be 
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- 10% 
MORTALITY 

Sock eye 
-Chum­

Pink-
Steel head 

Chinook -

50% 
MORTALITY 

~-Pink 

Chinook 
Sock eye 
Chum 

Coho Steel head 

Coho 

Freezing 

achieved if incubation in 6-8°C is 
curried t.hmugh uni.ii Uw eggs arc 
eyed. From the table it is clear that 
this initial low temperature does 
not form a problem for coho . 

Sockeye 
experiment 

An experiment ca1Tied out 
at the Pacific Biological Station 
with two sockeye stocks (Nimpkish 
and Stikine) provided, among other 
things, information on: 

1. Stock differences in 
relation to incubation temperature, 

2. Low mortality due to a 
higher initial incubation 
temperature for a few days, and 

:J. Insignificant 
temperature-related stock 
differences, at maximum alevin 
wet weight (MA WW). 
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The eggs of these two 

stocks started incubation at 6.5°C 
for 54 hours (until the 128-cell 
stage) after which temperatures 
were altered to 1,2,3,4 and 8°C. 
Eggs from the "cold water" Stikine 
River, when incubated at 3°C or 
lower, hatched about 20 days 
sooner than those of the "warm 
water" Nimpkish, thus showing 
their adaptation, as a stock, to 
lower temperature ineubation. 

At 1°C, mortality was high 
(92 percent) for the "warm water" 
Nimpkish eggs, but low (four 
percent) for the Stikine eggs. At 
ponding time (swim-up) there was 
no significant difference in 'MA WW 
between the two stocks. This 
indicates that initial differences 
between eggs of two stocks can 
even out by the time the fry start 
migrating. 

Some further strategies for 
successful incubation have been 
developed. They require taking 
special precautions in very cold 
water. 
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B. Temperatures at 
fertilization 

Initial fow incubation 
temperatures can be damaging tO 
incubating eggs. However, rapid 
transfer at fertilization, from a low 
temperature to a higher one, (and 
vica versa) does not cause 
mortality. Eggs of all species 
mentioned may be fertilized at. 
4°C to be placed immediately 
in water of a higher non-lethal 
temperature for incubation. 

C. Cold water· 
strategies 

During an egg-take the air 
temperature may be well below 
freezing. It is then necessary to 
protect eggs and milt from 
freezing. Mortality from freezing is 
rapid and complete. Eggs may be 
safely kept at 6-8°C for up to 24 
hoiirs. Milt is more sensitive, 
however, and must be kept, as soon 
as possible after collection, at 
about 1-4 °C in containers 
(whirlpackS) with lots of air space. 
Under those conditions milt may 
be kept for 100 hours and still give 
90 percent fertilization success. 

On warm days, it is 
necessary to strip the milt and 
place it in cold storage very shortly 
after capture of the fish. 

A final note 
Of the salmonids discussed 

here, pink salmon are the least 
tolerant of cold. Their eggs cannot 
be mcubated at under 4 °C until 
they are faintly eyed. 

In general it is necessary to 
assure that hatchery water is \. 
about 6-8°C during the first 60 
hours or so of incubation and, if at 
all possible, until the eggs are 
eyed. 
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Egg counting 

If you are incubating eggs, 

Li you have to count them. This is the 
Von Bayer enumeration method, 
for use with eyed, water-hardened 

LJ 
eggs. While not completely 
accurate, it is fast and requires 
relatively little handling of eggs. 

LJ Equipment 

u 
• a V-shaped trough, 

exactly 30.5 cm (12") long; it can be 
constructed from wood or plastic, 

• a suitable, accurate 

u device for bulk measuring eggs. A 
one-litre, drained, graduated 
cylinder is good; larger buckets 

u produce inaccurate measurements 
because eggs in. the bottom are 
compressed. 

LJ . Procedure· 
1. You can use a quick 

LJ 
volume count, ;:t known, historic 
eggs-per-litre figure, or a weighed/ 
counted sample (best) to estimate 

LJ 
the number of eggs taken. 

2. After the eggs are eyed; 
shock and pick. Count dead eggs, 
then take three random counts of 

LJ 
number of live eggs which align in 
the V trough. (If there is a 
variation of more than five percent 

LJ 
in three counts, repeat with three 
new random samples.) 

3. Average all counts; 

LJ 
round to nearest half egg. Convert 
to eggs per litre, using this table. 

4. Measure out all eggs, 
using the same graduated cylinder. 

LJ 
Be careful, accurate; do not to 
underestimate. 

5. Calculate total number 

LJ 
of eggs by multiplying the total 
n~ber of litres by the eggs per 
litre figure from the table (right). 

LJ 
This number plus the dead count 
will be more accurate than your 
green egg estimate. 

LJ 
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Modified Von Bayer egg counting chart 
Number of eggs in 30.5 cm trough 

.34 . 
35 
36 
37 
38 
39 

. 40 
4-1 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

·54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64. 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 

Number of eggs in one litre 
1623 
1758 
1927 
2096 
2266 
2435 
2648 
2842 
3057 
3293 
3515 

/3757 
4022 
4312 
4577 
4864 
5172 
511() 
5801 
6194 
6536 
6901 
7296 
7612 
8063 
8548 

. 8939 
9353 
9793, 

102ro 
10761 
11294 
ll~I 
12468 
12895 
13574 
14300 
14815 
15353 
16211 
16818 
17457 
18130 
18839 
19578 
20362 
21187 
22057 
22977 
23455 
24452 
25508 
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Egg shocking and picking 
Although the survival rates 

for incubation projects are much 
higher than in nature, you will 
have eggs that were never 
fertilized successfully, and others 
which die during incubation._ 

These dea:d eggs should not 
be left in your Heath trays or 
incubator as they will begin to 
decay and thus will provide a 
medium for fungus growth which 
may spread to healthy eggs. 

Eggs that are dead will 
appear opaque, or nearly so, when 
compared with healthy eggs. They 
can be removed carefully as they 
appear, or you can identify and 
remove virtually all dead eggs in 
one operation by physically 
shocking them. Physical shock will 
rupture the yolk membrane of dead 
eggs and cause them to tum white 
due to protein coagulation. After 
shocking, dead eggs should become 
opaque in 24-48 hours. 

There are some very 
specific ways to undertake egg 
shocking. Failure to observe the 
necessary precautions can result in 
high mortalities, so study the 
Tipsheet fully before you begin. If · 
you have any questions, consult 
your community advisor. 

When to shock 
·until they reach the eyed 

stage (not below 220 ATUs for 
coho), your eggs will be extremely 
sensitive to any disturbance. It is 
therefoice essential that the eyed 
stage be reached before you 
attempt to .shock eggs. You should 
not wait too long after the eyed 
stage, however, or you will risk 
causing premature hatch. If the 
incubation is done in very cold 
water, the eyed stage may develop 
sooner. (Development is dependent 
on time .as well as temperature.) If 
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-, 
in doubt, leave the eggs a few more 
days; they still have a long way to 
go before hatch. 

How to shock 
Once the eggs have 

developed definite eyes, there are 
three methods that can be used to 
shock t.hem. 

1. Pour the eggs into a 
bucket of water. If you are using 

_..Heath trays, this is a simple egg 
shocking operation. Take one tray 
from the stack, remove the screen 
and pour the eggs, from a height of 
about 18 inches, into a bucket of 
incubation water. 

Clean the tray then pour 
the eggs back into it and replace it 
in the stack. Move quickly and 
efficiently during this operation. 

2. Siphon the eggs from 
an incubation box. You can 
siphon the eggs through a short 
length of garden hose and into a 
bucket about one-half full of 
incubation water. Once the batch 
has been transferred by siphon, 
you can pour them back into the. 
incubation box. 

3. Use a dipnet. Ifit is not 
possible to siphon the eggs from 
your incubation box (i.e., there is 
not enough head), you can use a 
dipnet to remove the eggs. The 
idea is simply to create enough of a 
physical disturbance to cause the 
eggs to change colour. Pour them 
from the dipnet into a bucket 
(again, from about 18 inches). Once 
the eggs are all removed in this 
manner, you can return them to 
the incubation box. 

Egg picking 
After shocking the. eggs', 

leave them for 24-48 hours. By 
then, all the dead eggs should have 
changed colour. Remove them. 

It is important that the 
dead eggs be removed without . 
damaging the others. You can use 
a siphon-tube turkey baster to 
carefully pick _up each dead egg 
and remove it. You can also mount 
a paperclip on each side of a 
forceps or bent metal strapping 
tool to make an egg-picker that 
will do the job safely. 

Dead_ egg count 
You will want to keep track 

of the number of mortalities so you 
can calculate survival rates for 
your project to each development 
stage. During any counting or < 

calculating procedure, keep eggs in 
moving water, or keep them cold 
and moist at all times. 

The easiest way to count 
dead eggs is to use a hand tally 
counter as the dead eggs are 
picked. Subtract that number from 
the number of eggs you started 
with .to get the survival figure. 
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Taking inventory 
By volume 

Rather than counting 
individual eggs, you may want to 
make a volumetric calculation of 
the number of eggs you have when 
you are carrying out the shocking 
and picking operation. If you made 
a volumetric calculation of the 
number of eggs you took before 
water-hardening, you will have to 
recalculate your eggs per millilitre 
figure because the eggs will have 
swollen during water-hardening. 
To do this, use the following 
method: 

1. Use a small graduated 
cylinder or measure (e.g., 50 ml). 

2. Take a scoop from the 
eggs being inventoried. Use a 
dipnet so the excess water is . 
removed. 

3. Gently add the eggs to 
the graduated cylinder. 

4. Count the number of 
eggs in this sub-sample. Do at least 
two sub-samples for each group of 
eggs being inventoried. 

5. Calculate the total 
number of eggs by multiplying the 
number of eggs in the average 50 
ml sub-s.ample by the total ml of 
eggs in that incubator. 

For example, if the average 
number of eggs in the sample is 
200 eggs per 50 ml, and the total 
volume of eggs in the group is one 
litr~ (1000 ml>, then 200 divided by 
50 X 1000 = 4000 eggs. (See 
formula in Figure 1) 

6. Subtract the number of 
dead eggs from the number oflive 
to get the live tptal and the percent 
survival to the eyed stage (see 
formulas in Figure 2). Be sure to 
record all data accurately. The 
numQer of fry to be released can be 
calculated from this inventory. 

Fish Culture 

Figure l 
Formula for total number of eggs if using 50 ml cylinder: 

number of eggs 
in sub-samEle x total volume 
volume of eggs of eggs (ml) 

For example: 
200 eggs x 5000 ml 
50ml · of eggs 

= total number 
of eggs 

= 20:000 eggs 

,. 

. ' ,. 

. ' 

,. 
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Figure 2 
Formula for percent survival: 

total number 
of live eggs 
number of 
eggs taken 

x 

x 

100 

100 

= 

= 

percent survival 
to eyed stage 

81.4'k 
For example: 
47.200 
58,000 

······-·····-·-·-·· ·.·.-·-····· ..... ·····-·······--····. ····--·-.·.-·-·· .. ·.-·-··--·········· .. ·········· ······ ··-···· .. -·-····················· ···-· ············ ........... _ J 
Be accurate 

·Bear in mind that 
estimating by volume is not nearly 
as accurate as by weight. If you 
must use the volume method, keep 
the containers in which you 
measure as small as is practical. 
The weight of eggs in a large 
container will compress the eggs 
near the bottom and will produce a 
greater number of eggs per litre 
than in your counted sample, 
taken from a smaller container. 
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Feeding and pond cleaning 
Feeding 

Automatic feeders 
Some projects may be 

using, or may anticipate acquiring 
automatic feeders. These are 
useful tools for cutting down on 
time demands, which is important 
in a volunteer operation. 

For those of you engaged in 
hatchery operations, spring is fry 
emergence time. If you plan to feed 
your fry prior to release, there are 
a few things to consider that will 
ensure a healthy crop of fish. 

G_etting sta~ed 
The first few weeks after 

initial ponding.are critical. Water 
temperatures are usually cold and 
the fry are learning feeding 
behavior. Like human babies, 
young salmon must be fed small 
amounts of feed frequently 
throughout the day. 

Newly ponded fry may be 
skittish and hesitant to feed. If the 
fish appear nervous despite your 
best attempts to move slowly and 
quietly, you may want to try 
providing cover for the rearing 
containers to reduce levels of 
stress. It is quite possible that 
feathered and/or four legged 
predators are harassing them 
when you are not around. 

Patience must be exercised 
to ensure that all of the fish are 
learning the feeding response. If 
care is not taken, a variation in 
size will develop and a large 
number of fry may eventually _ 
starve to death because of their 
inability to compete. 

_Feeding rate 
As time goes by, and fry­

grow, the amount of food consumed 
at each feeding will increase while 
the frequency of feedings will 
decrease. Warmer water 
temperatures also cause an 
increase in the amount of food your 
fish require. 

In order to determine the 
proper feeding rate we must lmow 
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the average weight of the fry (see 
Tipsheet titled "Sampling fry", 

. page 79 ), the number of fry, and 
the average daily water temper- · 
ature in each rearing container. 

With this information, we 
can determine the feeding rate, _ 
using "Staufer's Feeding Guide." 
(If you do not have a copy, consult 
your community advisor.) 

The accompanying table 
can be used as a guide to 
determine the frequency of 
feedings and the pellet size to 
feed. 

Do not, however, be lured 
into a false sense of security and\ 
forget to observe the fish 
frequently to see how they're 
doing. The fish feeder is the person 
closest to the fish and is usually 
the first to recognize any subtle 
changes in behavior or appearance. 
And, in ~l likelihood, he or she 
would be the "firefighter" in the 
case of a sudden emergency. 

An experienced fish feeder 
· will quickly recognize a small 

problem and take action before it 

Feed Rate Chart 
Food Size Fish Size Feeding Frequency 

No. 4 starter mash until fish feed 
aggressively 
(1 - 2 weeks) 

as often as possible 
during daylight hours 

l.Omm 
l.3mm 
l.5mm 
2.5 
3.0 

1/32 
3/64 
·1 /16 
3/32 
1/8 

up to 0.9 grams 
0.9 to 1.8 grams 
1.8 to 3.0 grams 
3.0 to 9.0 grams 
0.9 and up 

-6 - 8 times a day 
4 - 6 times a day 
2 - 4 times a cjay 
2 - 4 times a day 
2 - 4 times a day 

Oxygen 
consumption 

As fish digest and 
metabolize their food, oxygen is 

- consumed. The more food they eat, 
the more oxygen they consume. 
Monito_r the situation or low 
dissolved oxygen levels may 
become a problem. In an 
emergency, oxygen: demand can be 
reduced by cutting down feed 
rations (growth rate will also be 
reduced). 

becomes a 'big one. If close _scrutiny 
of the fish is neglected, "Murphy's 
Law" (what can go wrong, will go 
wrong) will eventually prevail. 

Feed storage 
. Storage of food is extremely 

·important, as salmonids are very 
susceptible to nutritional 
d~ficiencies. Improper storage of . 
feed can lead to loss of its 
nutritional value and may result in 
fish of poor quality and increased 
disease susceptibility. 
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Since most PIP hatcheries 
don't have large freezer facilities, 
they are supp~ed with Bio~diet fish 
food. This semi-dry food can be 
stored, unopened, for up to three 
months without freezing if kept at 
cool temperatures. The following 
are storage guidelines for Bio-diet: 

0 Store in a cool, dry place. 
0 Shelf-life for unopened 

bags of.starter is 60 days. 
· 0 Shelf-life for unopened 

bags of pellets is 90 days. 
0 Shelf-life for ope,-,ed bags 

of starter or pellets is four days. 

Pond cleaning 
Sanitary ci>nditions are of 

utmost importance in any rearing 
operation where salmonids .are 
unnaturally crowded in a confined 
living space. 

Before fry are ponded, the 
rearing container should be · 
cleaned and disillrected (See 
Tipsheet on Disinfectants) to rid 
it of any disease organisms which 
may be left from a previous batch 
of fish. If possible, allow the 
rearing tank to air dry and bake in 
the sun (this can be difficult in our 
West Coast climate!). illtraviolet 
light from the sun is an excellent 
disinfectant. 

Once the· fry have been 
ponded, it will be necessary to 
clean the container periodically. 
The frequency of cleaning is left to 
the operator's discretion, bearing 
the following in mind: 

A. · Feces and waste food 
will build up quickly in containers 

. with low velocity flows. If this 
organic sludge is allowed to 
accumulate for very long it may 
become a breeding ground for 

. certain disease-causing organisms. 
On the other hand, every time you 
clean the container, the fish are 
being stressed and you are not 
encouraged to become overzealous. 
There is a happy medium 
somewhere, and each operator 
must determine what is 

appropriate for his or her project. 
Your community advisor can help 
you decide this. 

B. Each rearing tank 
should have its own set of 
equipment (nets, brushes, etc.) and 
a separate bucket of disinfectant 
for soaking its implements. This 
will help to prevent transmission 
of disease from one rearing 
container to another. Consult your 
CA for advice on appropriate 
disinfectants. 

C. Dead or sick fish can 
be a source of infectious agents and 
should be removed an9 tallied 
daily. Keeping daily mortality 
records will alert you to any 
developing problem. 

Tools 
Brushes or suction devices 

are the two most common tools for 
cleaning rearing containers. 
Brushing the container is the 
quickest method, but is probably 
the most stressful to the fish. Care 
must be taken that the sediment is 
stirred up as little as possible 
during cleaning. Suspended 
particles can cause gill irritation 
and further problems may develop 
later. 

Suction devices can be 
purchased or fabricated. They use. 
either a pump or siphon action to 
suck organic material from the 
bottom of the rearing container. 
This method is more time­
consuming, but it's easier on the 
fish. 

Fish culturists are good at 
developing innovative ideas for 
rearing containers and cleaning 
devices which help to reduce the 
time spent doing this mundane, 
but very necessary chore. You may 
want to try putting your ingenuity 
to the test. 

Fish Culture 

Stress 
Finally, the word "stress" 

has been used fr~quently in this 
Tipsheet. The importance of 
minimizing stress cannot be over 
emphasized Although fish may not 
exhibit immediate symptoms of 
stress from handling or _ 
overcrowdirig, their resistance is 
necessarily weakened and delayed 
outbreaks of disease may result. 
Even if you manage to avoid a 
disease.outbreak, the marginal 
condition of the fish will make 
them an easy mark once they are 
released to the wild. 

By keeping these tips in 
mind and exercising care and 
common sense, you should be able 
to release a healthy group offish 
with greatly enhanced chances for 
survival in the wild. 

Spring chore Ii.st: 
• Mendnets 
.- Patch waders 
.- Clean buckets 
• Repair rain gear 
.- Wash floor 
.- Weigh fish food 
.- Flush aeration tower i 
.- Make dip-nets ! 
.- Painting \ 
.- Plumbing i 

···························································································-·:·.·=· 
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Feeds and 
\ 

feeding 
Fish feeds have a long and 

interesting history. Years ago, in 
England, fish culturists filled wire · 
cages.with slaughterhouse offal 
and hung the baskets over their 
ponds. In warm weather, maggots 
would develop in the material and, 
as they fell into the pond, the fish 
were fed!. This rather primitive 
automatic feeder had another 
feature; when the weather got cold, 
the maggots stopped forming and, 
since the fish also stopped feeding 
in cold water, the whole process 

. was self-regulating. 
In early fish culture on the 

west coast, items like liver and fish 
eggs were commonly used as feed 
for salmon - not surprisingly, 
disease.was a common problem. 

Feed manufacture is now 
an exact science. The ingredients 
include ground fish scraps, liver 
and krill. Feeds are pasteurized to 
eliminate disease-producing 
organisms. Vanous formulas are 
available for feeding every 
hatchery-raised species from 
salmon to catfish. There are also 
medicated feeds for disease 
prevention and/or control. 

Today, two types of feed 
are commonly used at SEP 
projects; semi-moist and dry. 
Several factors should be 
considered in feed selection; your 
Community Advisor will help you 
decide what is best for your project. 

Once a feed product has 
been selected, you want .to get the 
best value for the doliars you 
spend on it. As with anything you 
buy, you will generally get the best 
price by buying in volume, but you 
must also consider your total 
seasonal requirement for each size 
of feed and your storage facilities. 
It may be possible to coordinate 
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your purchases with those for a 
nearby SEP hatchery. 

Fish feed has stor~ge 
reqwrements and a limited shelf 
life. If you cannot provide the 
recommended storage condition, or 
if you exceed the manufacturer's 
suggested storage time, the feed 
may go bad. There is a more 
subtle concern, too; outdated or 
improperly stored feed may seem 
fine, but it may·have lost some of 
its nutrients. 

You can tell if feed has 
gone "oft" by a changed odour or 
colour, or by spots of mold or 
fungus. You cannot easily tell that 
it has lost nutrients - a chemical 
analysis would be required - but. 
your fi!;;h will certainly feel the 
effects. If you are in doubt about 
the condition of a package offeed 
- don't feed it. You have invested 
a lot of time and effort in your fish· 
and there is the danger that a 
suspect batch of feed may have 
long-lasting detrimental effects. 

The table offers some facts 
1 about fish feeds that may be useful 
for your project. 

Project specific choices 

The information in this 
Tipsheet is general. Each SEP 
project is different and questions 
about which feed to buy, how much 
to purchase at a time, how much tO 
feed and how often are complex. 

. · Many elements have to be 
considered. Always consult your 
CA before deciding on a feed and a 
feeding program. 

Miscellaneous feed tips: 
Light is the enemy; it can 

deplete nutrients· and cause 
breakdown of feeds. 

Air cari draw off nutrients 
and cause loss of moisture. Keep 
feeds in the most airtight -. 
container available. 

Other creatures may take 
a fancy to fish feeds: protect 
them from insects and animals. 

Don't feed more than the 
fish will eat in a short time; food 
on the bottom of rearing 
containers can breed disease. 

FEED PACKAGE & STORAGE TABLE 

Product Package Sizes Shelf Life 

BioDiet 5, I 0, 20 kg 60-90 days 

Ewos Dry 25kg 6 months 

Storage Requi_rements 

20°C or ctx>ler 
Shelf life can be extended; 
refrigerate or freeze 
unopened bags 

Ctx>I ( 18°C), dry; 
no sunlight 

Nutritional Analysis (Approximate percentages) 

Feed Protein Fat Moisture 

BioDiet Starter 43.0 14.5 20.0 

Ewos Starter 50.0 15.0 9.0 
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Fry and smolt survival factors exceed 6 mg/L (to eyed), 11 mg/L 
(during hatch) and 8 mg/L 
thereafter. 

All fish culture is geared to 
increasing survival rates during 

· the early stages of the salmonid 
life cycle. During incubation, 
controlled water quality and 
temperature can enst.ii·e maximum 

·survival to hatch; alevins are kept 
in a protected environment to 
ensw·e that as many as possible 
will become fry and the resulting 
fry are fed to promote growth so 
that strong, healthy smolts will be 
released. At all stages, protection 
from predators and natural. 
disasters produces the desired 
result - a survival rate far in 
excess of what nature allows. Once 
our fish leave our care,.however, 
they must fend for themselves -
the only advantage we can give 
them as individuals is to rear and 
release them under optimum 
conditions so that they will be well 
equipped for life ~m the wild side. 

Over the years, SEP has 
studied the factors that affect 
survivals. Al though most of the 
work has been done in the major 
facilities, the knowledge gained is 
applicable to all projects. The 
following information, ideas and 
suggestions came from Brian · 

. Anderson (support biologist, Coast 
Operations Unit) and Dr. Craig 
Clarke (head, Fish Culture 
Research Station, P .B.S.). · 

Water is the key 
From the first moment you 

put eggs into an incubator, water 
quality is the most significant 
factor affecting survival. 

Dissolved Oxygen: 

See also "Monfroring DO" 
page 91. 

, I. Source: water from- a 
stream probably contains sufficient 

oxygen, but groundwater is often 
low in dissolved oxygen and will 
require aeration. 

2. Barometric pressure: 
as pressure drops, so does the 
amount of oxygen that water can 
hold. 

3. Temperature: w'hen 
water temperatw·c rises, oxygen 
levels drop. lt is also the time 
when air bubbles can form in the 
water supply and, if large, can 
block water flow, leading to short 
circuiting in the incubator. 

Dilring warmer weather, 
monitor oxygen levels carefully. 
This is especially critical just prior 
to hatch, when highest oxygen 
levels are required - water at 
above 10° C cannot hold enough 
oxygen for eggs near hatch. 

4. Desired levels: 
dissolved oxygen levels must 

Water Purity: 

Clean.° clear water is 
essential f(w healLh at every stage 
of development. $Ht-covered eggs 
cannot obtain sufficient oxygen, 
even if it is available in the water. 
Poor quality water can lead to gill 
damage in developing fish. Many 
chemicals and minerals (man­
made or natural) are found in 
water and may beitoxic tb eggs, 
alevins and fry. Before you start a 
new project, test ypur water 
supply. If you hav,e an existing 
project, test periodically - things 
may happen upstream that can 
cause changes. ' . 

Safe oxygen· levels during fish development 

Stage 
Fertilization to eyed Eyed to hatch . 

' 
Post hatch & free-swimming 

I 
I 
I I 

12 

------71 I Safe oxygen level.;" I 

10 I I 
I I 
I I 

8 I L-----~---
1 Safe oxygen level.;" 

I 
6 _____ _J 

+« Crltlcal oxygen level 
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Temperature: 

Salmonids require water 
that is cold (by human standards). 
You can speed up egg development 
by using warmer water than is 
seasonal in your area (for example, 
groundwater), but this may 
produce other problems. If your 
fry emerge, and are released, 
earlier than fish in the natural 
environment, they may find little if 
any food in the stream. As well, if 
released into cold water (5° C), the 
fish will grow very slowly, making 
them available to predators for a 
longer period of time. 

They are what 
they eat 

Once you have provided 
good, oxygen-rich water, the next 
important factor affecting the 
health of your fish is di.et. Of 
course it is necessary to buy high­
quality feed, but it is also 
important that you store it 
properly and feed the right 
amount. (See Tipsheet on Feeds 
and Feeding.) 

If feed is not stored under 
ideal conditions, a substantial 
portion of the nutrients it contains 
may be dissipated. Although you 
are feeding the fish, and they 
appear healthy, a lack of some 
nutrients may affect them later - · 
long after release. 

If you are using frozen . 
feed, thaw only enough for a day at 
a time. If you are using a semi-dry 
(BioDiet) feed, store it in a cool, dry 
place, out of direct sunlight. Shelf 
life, under ideal storage conditions, 
for unopened bags of starter is 60 
days; for unopened pellets, 90 
days; for open bags - 4 days. 
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Release strategies: 

There are many factors to 
consider when releasing juveniles. 
Should it be under cover of 
darlmess? All at once or in small 
groups? "Voluntary" or by an 
arbitrary date? Optimum release 
strategies are still being studied, . 
but we do know something about 
the factors involved. 

Light: 

It seems that an increasing 
water temperature, coupled with 
increased hours of daylight, may 
be nature's trigger for downstream 
migration. If so, unnaturally · 
warm rearing water may not 
"match" with light cues and may 
put the juveniles out of phase with 
appropriate migration timing for 
the area, possibly causing serious 
repercussions for survival rates. 

Species: 

Each species; and st.Ock, 
has its own requirements in terms 
of appropriate time and size for 
release. There are, for example, at 
least two strains of chinook; one is 
the familiar "90-day" fish, common 
to coastal streams. The other, 
found more frequently on the 
upper Fraser system and on some 
northern rivers, rears for about 14 
months - much like coho. Find 
out what is normal for your species 
in your area. As nearly as 
possible, ti-y to duplicate nature's 
pattern for.timing of downstream 
migrations for the appropriate life 
stage. 

Habitat: 

One of the most important 
things you can do to improve . 
survival odas for your fish is to 
select the best possible 

LJ 

LJ 
environment for their release. u Good fish habitat, with riftles and 
deep pools, will offer the best food 
supply and predator cover for your 
fish while they adapt to life in the 

LJ stream. If you are not dealing with 
too many fish, and there is easy 
access to the release stream at 

LJ -several sites, you may want to 
release some fish ·to each of several 
good sites. (Don't put all your 
eggs.:.). ·u Brian Anderson offers 
another suggestion that might not 
have occurred to you. There is u probably an advantage, especially 
with smaller streams, in releasing 
fish (assuming they are otherwise 

LJ ready for release) when a heavy 
rainfall is due. Although it will 
tend to sweep the fish downstream, 
this strategy gives them the u advantage of deeper water and 
higher silt content - protection 
from predators. · It is also best to 

LJ release toward evening (twilight) 
so the fish can become oriented to 
their new environment while 
getting some protection from LJ predators due to t~e low light 
levels. 

Don't teach your LJ 
fish bad habits 

LJ One thing that has always 
concerned those who raise 
salmonids in artificial 

LJ environments in the fact that they 
may not learn to avoid predat.Ors. 
Indeed, a shadow passing by 

LJ probably signals food, not danger, 
to pond-reared fish! 

In fact, it appears that they 

LJ learn avoidance quickly once 
introduced into the natural 
environment. Still, do try to avoid 
casting your shadow over the 

LJ water when you are feeding. 
There's no point in teaching them 
to rise to the surface when a 

LJ shadow appears - the next time, 
it could be a heron! 

LJ 
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Forget chemical dependency 
Traditionally, there have 

been several reasons to use 
chemicals in fish culture; to 
disinfect equipment and work 
surfaces, anaesthetize adult fish 
being prepared for egg takes and 
juveniles prior to tagging and fin_ 
clipping, and to disinfect eggs prior 
tobringing them on site. 

- During incubation, when 
fungus growth can be a threat, 
malachite green was the chosen 
solution. Buffered iodophor was 
commonly used for surface 
disinfection of eggs. These 
procedures are changing. 

Today, there are serious 
concerns about malachite green. 
Test on rats in Germany revealed 
abnormalities through 12 
generations after exposure to 
malachite, which has been found to 
cause mutations, genetic changes 
and' to be a carcinogen. 

Phil Edgell and Bill 
McLean (Robertson Creek) sought 
alternatives to malachite; they 
found salt. 

Information about 
chemicals and their use is updated 
frequently; always check with 
your CA for current information. 

Why not use 
chemicals? 

There are several reasons 
to try to avoid use of any 
potentially dangerous chemical in 
a fish culture operation: 

L It may be harmful, 
over the long term, to the very fish 
you are treating, 

2. In the normal course 
of events, the chemical may be 
discharged into the stream or river 
whichputs it into the natural 
environment and, 

3. Despite proper 
precautions, some of a chemical 

solution being used may be 
splashed around where people can 
come in contact with it. 

Robertson Creek hatchery 
tested treatment of coho and 
chinook eggs with a salt water 
solution over four years. Early 
results indicated success. 

The salt solution:_ 
Marine mix, sold for use in 

tropical fish aquariums, is suitable 
for treating eggs. 

Alternatively, you can 
prepare a solution yourself: 

Salt Water Bath 

sodium chloride 26 parts 
calcium chloride 1 part 

Mix with water to produce a 
solution of 20 parts per thousand; 
use a static bath. 

Treatment: 
L Handle eggs just as 

you would iftreating with 
malachite. 

2. Treat with salt_ water 
solution three times per week, 
from green to eyed. 

- 3. Tum off water flow to 
Heath trays, pour static bath 
solution into trays. 

4. Leave eggs in static 
bath for one hour. 

5. Restore normal water -
flow to Heath trays. 

Cost factors: 
Because the salt solutiOn is 

used at greater concentrations (20 
parts per thousand compared to 
malachite at 1 part per million), 
the salt water treatment is more 
experisive. It is also more time­
consuming because it must be 
administered as a static bath. Phil 
Edgell at Robertson Creek 

' " ~ .... 
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suggests that this could be 
overcome by creating a salt 
solution holding tank, plumbed to 
the Heath trays with an alternate, 
recirculating system. Then it 
would be possible to simply switch 
over to the salt solution for one 
hour three times per week. · 

What to look for: 
If you adopt the salt water 

bath treatment, you will notice 
some differences: 

L Visibly, there will 
appear to be slightly more fungus 
on salt water treated eggs than you 
have seen when using malachite. 
Tests at Robertson_ Creek, 
however, indicate that the 
mortality rate (the real measure of 
success) is within one percent. 

2. You may see reduced 
incidence of coagulated yolk (white 
spot disease). Tests at Robertson 
Creek showed a 50 percent less 
coagulated yolk when compared 
with malachite-treated eggs. 

An alternative 
anaesthetic: 

It is sometiri:J.es necessary 
to anaesthetize fish. At Robertson · 
Creek, as part of the effort to limit 
chemical use, carbon dioxide is 
now used for this purpose. 

Bottled Co2 is fed to the 
holding tank through hoses and 
introduced into the water with 
airstones (just as oxygen would 
be). A level of 200-400 ppm is 
required for anaesthetic use. 

The presence of C02 in the 
water causes the pH level to drop. 
By the time anaesthetic level is 
reached, the pH will be at slightly 
over 4. The water must be 
buffered with sodium bicarbonate 
to bring the pH back to a bit above 
6. These levels are site specific; 
depending on the initial pH at your 
site, adjust accordingly. 
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Transport and 
release of 
hatchery 
juveniles 

With all the effort given to 
fish prod~ction, from broodstock 
capture to feeding, the importance 
of transport and release can be 
overshadowed. It shouldn't be -
much of what you have achieved 
can be undone by transport and 
release problems. Handling and 
changes in environment stress fish. 
Predators, from which the juveniles 
have been protected, enter the 
picture. A sound plan, developed 
with or reviewed by your 
community advisor, can minimize 
losses. 

·The following guidelines 
will help you plan a successful 
release. 

Pre-transport 
L Avoid major handling 

· of fish for at least seven days prior 
to release date. 

2. Starve your fish for at 
least 48 hours prior to transport. 
Digestion of food increases oxygen 
requirements for your fish, so they 
will withstand moving best on 
empty stomachs. 

3. Healthy fish are 
essential for a successful transport. 
The release of sick fish may cause 
release and post release 
mortalities, lowering the expected 
adult return. If you suspect a . 
disease prior to release, consult 
your community advisor. Be aware 
that some treatments can cause 
more harm than good, especially if 
used on smolts immediately prior 
to releases. A disease treatment 
recovery time of fow· to seven days 
often is recommended. 

4. Disinfect all 
equipment which will come in 
contact with the transport water. 
Rinse thoroughly before using. 

5. Scout for access to 
your release site(s) immediately 
prior to i·elease - things may have 
changed since you saw it last. If 
you are gaining access to the site 

through private property, be sure 
to obtain permission in advance. 

6. Plan your release 
stmlegy in advance with your 
community advisor. Scatter 
plantings at several sites 
throughout the river or lake 
system can yield better early 
survivals than one-site releases: 
Planting strategies depend upon 
the size and· species of fish. The 
abundance and concentration of 
predators should be considered in 
your release strategy, too. 
Predators can, over a few years, 
clue into yom· release site. They 
may bring along a few more friends 
to share dinner each year - at 
your expense. 

7. Compare water 
temperatw·es at the release site 
and the hatchery. If there is a 
difference of more than 4 °C (plus 
or minus), the fish may sufler 
temperature shock. It is best to 
acclimatize the fish to the release 
site temperature gradually (over a 
few days) while they are still in the ~ 
hatchery. LJ 

Transport loading LJ 
rates 

A loading rate is the total 
amount (by weight) of fish you can 
transport in a given amount of 
water. Usually, it is expressed as 
grams/litre (the total weight of fish 
which can be canied in a litre of 
water). Loading rates are variable' 
and depend upon several factors. 

L Size of fish: a large 
fish has a lower metabolism 
(energy requirement) than a small 
fish. Larger fish, therefore, use less 
dissolved oxygen hy weight so a 
larger weight per litre figure can 
be used when loading larger fish in 
a transport tank. 

2. Waler temperature: in 
warm water, a fish's metabolism is 
higher than in cool water - the 
higher the temperature, the niore 
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Table A 
Transport t~nk load rates (Continuous aeration) (Webster. 1981) 
. . This tab_le describes conservative transport loading rates for 
Juveml~ salm~mds. If millions of fish must be moved quickly, or if · 
expensive helicopter transport is require~, ask your community advisor's 
assistance to determine maximum loading rates. In all other cases 
conservative rateg should be followed. ' 

· These l~ading rat~s .assume a continuous supply of oxygen at 80 
percent saturation or a muumum of 9.0 ppm dissolved oxygen for up to 3 
hours. 

Example: 
2 gram average fish weight 
10° C transport water 

*chart shows 50 grams of fish per litre of water (50 g/l) loading rate. 
Calculation: · 
At halffull your transport tank holds 250 litres of water so: 
250 l X 50 g/l = 12,500 grams of fish 
12,§90 gt~~~s_ of_fish_ ( ~.?._5 _lsilos2 = 6,250 fish 
2 gi·ams average weight of fish 

dissolved oxygen a fish needs to 
survive. Also, as temperature 
increases, the total amount of 
dissolved oxygen in the water 
decreases, making transport at 
higher temperatures even more 
dangerous. 

3. Oxygen distribution 
systems: these are critical to a 
successful transport system. Both 
static oxygenation (eg: plastic bag 
transport) and continuous flow 
oxygenation (eg: transp01t tank) 

systems affect loading rates. A 
continuous flow of oxygen to the 
transport water permits higher 
loading rates, but do not super­
saturate - more oxygen is not 
necessarily better. Improvement!'\ 
in the quality of ceramic oxygen 
distribution air stones allows for 
better oxygen delivery. 

4. Transport time: 
loading rates must be lowered for a 
longertransport time. Jn lengthy 
transports (more than three 
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hours), there is the additional 
problem offish wastes building up 
in the water and creating an 
unhealthy environment. 

Set-up and 
procedures. 

A. Continuous aeration 
(common in trangport tanks> 

This is the most. widely­
used and desirable system for 
transport of small and large 
numbers of fish. 

Materials: 
,/container: from a 100 

litre ·garbage bucket to a 1,000 litre 
insulated transport tank with a 
tight or locking lid. 

./ oxygen distribution 
system: 

./oxygen bottle plus spare 

./regulator di8playing 
total oxygen bottle pressure and 
flow in litres/minute 

./ length of oxygen hose; 
airstones m: microporc tubing 

,/maintained transport 
vehicle (one litre of water weighs 
one kilogram - make sw·p vour 
vehicle ca11 lake the weightiJ 

Methods: 
L Load the tank about 

half full of water and place a small 
mark at the water level. 

2. Aerate the.water at a 
high oxygen level (3 - 6 litrc~/ 
minute) while adding appropriate 
weight of fish without additional 
water (use a dipnet, not a bucket). 

3. When maximum 
number of fish have been loaded 
place another small mark at the' 
new water level. For subsequent 
loadings, you can use the two 
marks to load instead of weighing· 
each batch of' fish. · . 

4. Handle the fish gently 
and carefully; care is more 
important than 8peed. Scale loss jg 
detrimental at this time, especially 
ifreleasing to salt water. 
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B. Static aeration 
(plastic bag transport): mainly 
used for the transport of smaller 
numbers of fry or for scatter 
planting throughout a system. 

Materials: 
. ./Doubled 4 ml plastic 

bags - clean, unpunctured fish 
food bags are great! 

./ Sturdy frame backpack 
or fi:ve gallon plastic bucket. 

./ Dipnet with 3 - 6 inch. 
opening .. 

./ Supply of !:)turdy twine. 

./Small oxygen bottle, 
regulator, one-metre length of 
aeration (aquarium) hose and an 
airstone. 

Methods: 
L Place doubled plastic 

bags into backpack or bucket and 
add 10 - 15 litres of clean water. 

2. Cube ice can be added 
between the bags in the backpack 
at this point. An 8 cm layer of ice 
can be frozen onto the bottom of 
the bucket in advance. If ice is 
added directly to the water, be sure 
it is not chlorinated.· 

3. Place connected 
aiistone into water and aerate 
while using the dipnet to add fish. 

4. Remove the airstone 
and fill the remainder of the bags 
with oxygen. Twist and fold the 
end of the bags and seal with 
twine. At least 50 percent of the 
bag should hold oxygen; the rest, 
water. During transport the 
sloshing of the water into the dome 
of oxygen will supply aeration. 
Carry one or more spare bags; 
check on fish every hour. 

Transport and 
monitoring 

O Make sure the tank lid 
is secure. The force of water 
sloshing inside can easily pop the 
lid off, spilling water and fish. 

O During transport, 
' oxygen flow can be reduced to 

I 
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Table B 
Plastic bag loading 

rates (static aeration) 
A safe loading rate for 

up to three hours at a water 
temperature of 10° C is 50 
grams per litre. Loading rates of 
150 grams per litre have been 
used successfully for up to one 
hour at water temperatures 
below 8° C. Transport water 
should be kept below 10° C with 
ice throughout transport . 

maintain dissolved oxygen level at 
80 percent saturation or 9 ppm. 

O Dissolved oxygen and 
fish condition should be visually 
inspected every 30 to 60 minutes. 
If available, a constant readout 
oxygen probe can be suspended 
into the transport tank, with the 
meter carried in the vehicle cab. 

Tips and warnings 
0 The use of anesthetics 

in transport water can be harmful 
and is not recommended. Fish 
will become sedated over time w~th 
the build-up of carbon dioxide 
produced by their breathing. 

0 Ice can be added to the 
transport water on long transports 
to help cooHt. Remember to use 
only unchlorinated water to 
make the ice; chlorine is deadly to 
fish. 

0 Over-oxygenating 
(greater than 100 percent 
saturation) transport water is a 
serious threat and harmful to fish. 
Constant monitoring and/or the 
use of compressed air through a 
separate airstone in the transport 
water will minimize the problem. 

. 0 Always have someone 
else check your loading rate 
calculations before transport -
mathematical errors can be fatal. 
Better safe than sorry! 

0 Have a fall-back 
position or crisis plan in case of 
proble~s with transport 

equipment. Spare oxygen bottles, 
hand aeration equipment or access 
to a second truck can save an 
operation - and a lot of fish. 

At the release site 
Release fish by carefully 

pushing buckets or bags 
underwater at an 'angle, allowing 
water to flow in and fish to swim 
out. Use of dipnets, while possible, 
should be minimized. 

Transport tanks often have 
long hoses on valved outlets at the 
base of the tank. Use with care; 
improperly designed systems can 
seriously damage fish. Ask your 
community advisor for advice. 

After long or aircraft 
transports, it may be best to hold 
fish for one to 24 hours for observa­
tion; use portable raceways or 
small holding pens in deep, quiet 
areas of the river. Be sure fish are 
in good health before release. 

Temperature acclimat­
ization at the release site itself is 
not recommended. The time is too 
short to provide any benefit -
adjust temperature slowly at the · 
hatchery instead. 

Release in areas with 
natural cover. Logs, cutbanks and 
boulders provide cover to minimize 
predation during the first few 
critical hours after release. 

Take the last step 
When it's all done, review 

your release program while the 
recollections are fresh. Identify any 
problems you had and note any 
improvements that could be made. 
Next year you'll be glad you did it. 
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Keeping fr_y 
healthy 

Problems and 
solutions 

Early rearing is one of the 
most critical stngcs in the lifo of a 
fish. ln the wild, egg to fry 
survivals of 15 to 25 percent are 
considered normal for salmonids. 
In hatcheries, mortality problems 
are frequently encountered 
following hatch, through ponding, 
to the three- to four-gram size. Fry 
are quite susceptible to some 
infectious disease agents; such as 
bacteria gill infections, parasitic 
invasions and fungal diseases, 
which do not pose a threat to 
larger fish. Despite these 
problems, with the appropriate 
rea1ing strategies and care, 
hatchery cg-g to fry survivals of 80 
percent can easily be achieved with 
Pacific salmon. In later life, 
especially as immature adults, 
salmon are more resistant to most 
fish health problems. 

Gill problems 
Gills are delicate 

structures and young fish are 
especially likely to suffer from a 
variety of gill problems. Because 
the gills are in immediate contact 
with water and due to their large 
smface area (necessary to facilitate 
the exchange of gases), they are 
easily damaged by water-home 
irritnnts such 11s silt. The gills form 
safe. havens, complete with 
nutrient supplies, for a variety of 

· microorganisms; bacteria, 
parasites and fungi. 

Bacterial gill disease 
probably kills more young salmon 
in fish culture facilities than any 
other fish health problem. In fact, 
it is probably the leading cause of · 
mortalities among young cultured 
fish world-wide. The most frequent 

. bacterial gill disease is caused by ' 
gliding bacteria, commonly known 
as myxobacteria, but a number of 
other bacteria, such as 
Pseudonwrm.c; sp. arc involved. 

Another gill problem 
frequently encountered by the Fish 
Pathology Laboratory is caused by 
·dusty food or by the use of fine 
mash for too long. Food particles 

Prevention of fish health problems in fry 

1. Strong healthy fish are less prone to have problems with disease 
agents. Poor egg and sac-fry incubation conditions that cause small swim­
up size, coagulated yolk, elongated yolk sacs, fungus infections, etc. usually 

· result iri unacceptably high fry losses and invasion of the fish by infectious 
diseases. 

2. Avoid transferring disease agents from one group of fish to 
another by having separate equipment, e.g. dipnets, brushes, etc. 

3. Keep young fish upstream of older fish to avoid transferring 
disease agents to the more susceptible group. 

4. Poor ponding and feeding techniques can lead to gill disease 
problems, e.g. allowing swim-up fry to remain in.high waste levels on the 
trough bottom. 

5. In most cases, a fish-free water source will avoid infestations of 
parasites and viral agents. Where possible, avoid the use of surface water. 

6. Silty water or high temperatures are other hazards to avoid. 

Fish Culture 

become lodged between the 
lamellae and irritate the gills. The 
gill tissues respond by excess 
mucus production and sometimes 
cell proliferation. Bacteria and , 
fungi then become entrapped and 
multiply in the area, causing 
further in·itation. Eventually most 
of the oxygen exchange area may 
be occluded causing the fish to 
suffocate. 

, Gill damage caused by 
bQcterial gill disease 

Normal gill structure. Note tile 
se1mratio11 of tl1e lamel/ae. 

Severe bacterial gill disease. Note tile 
clubbed appeara11ceof Ille jilame11ls 
at1d lack of separatio11 of tire lamellae. 

Prevention and 
treatment of gill 
problems in fry 

Because many gill 
problems originate with w'ater 
quality problems, it is essential to 
stm·L with good quality water and 
it. regularly and t.o ensure optimum 
fiow loadings. High ammonia 
levels, silt, and food fines are major 
culpdts in gill deterioration. 
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Bacterial gill disease can 
cause heavy losses in a very short 
time, but early treatment can · 
avoid a major outbreak. When fish 
are high in the water column, have 
flared gill covers, and appear to be 
gasping, make arrangements to 
obtain a diagnosis; treatment can 
usually alleviate the pr9blem 
rapidly. _ 

0 Don't. feed dusty foods; 
do reduce the len~t.h of time of 
feeding mash to a minimum to 
avoid food particles becoming a gill 
irritant. 

0 Examine your fish 
carefully each day for the early · 
signs of a gill problem: increasing 
losses, drifting in the current, fish 
collecting near the outlet screen, 
lack of feeding response, collecting 
near the surface of the water, or 
slow (sluggish) to respond to hand 
movement. 

Treatment of 
external parasites 
and fungal 
infections of fry 

Many external parasite 
problem·s and fungal infections can 
be combated by bath treatments in 
the rearing containers. However, if 
chemical treatments are to be 
used, they must be approved and 
thought must be given to the 
proper discharge of the spent 
treatment solution. In most cases, 
it is a tight-rope walk in which it is 
hoped that the chemical is more 
toxic to the parasite than to the 
fry. For instance, formalin 
treatments to correct gill parasite 
problems or fungal invasions not 
only kill the disease agent., but also 
damage the gills to some extent. 
Currently, there are no 
effective treatments for 
external parasites and fungal 
infect.ions of fry that the fish 

Common external parasites encountered among cultured fry in 
B.C. 

Trichodina (above). A proto­
zoan parasite of the skin. 
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lchthyophthirius multifiliis 
(above). A protozoan parasite 
often found in the gills of fry at 
warm water sites. The tongue­
twisting scientific name is 
usually shortened to "ich." 

Gyrodactylus Cleft). An external 
trematode parasite that is barely 
visible to the naked eye. This 
small worm can cause extensive 
damage and flashing when the fry 
are.heavily infected. 

culturist can lawfully use. All 
chemical treatments, including 
fo1malin, can only be used if an 
Emergency Drug Release <EDRJ 
has been obtained from the Hureau 
of Veterinary Drugs, Health and 
Welfare Canada, Ottawa. 

Supersaturation 
One of the hardest 

problems lo diagrmse in fry is gas 
bubble dise!lse caused by super­
saturation. Look for fish that have 
popeye, gas bubbles in the yolk 
sacs and fins, or that ddft to the 
smface after diving. More diflicult 
to pinpoint is low level, suhlethal 
supersaturation that does not 
result in bubbles forming in the 
fish. Always check for supersa­
turation using a reliable method of 
measurement -. at many sites, 
aeration lowers arc a musl. 

Common 
-bacterial diseases 

The most common bacterial 
disease problems in salmon fry are 
those caused hy the organisms of 
the Flexibacter group, such aA 
coldwater disease and columnaris 
disease. Look for open lesions on 
the fish; often on the nose or on the 
ridge of the back. Because the 
causative bacteria have a yellow 
pigment, the lesions will often 
have a slight yellow colour. In 
severe cases, the bacteria can eat ' 
deep craters in the fish; it looks as 
if the fish was bitten or suffered a 
mechanical injw-y. Many Flexi­
bacter infections can only be 
controlled with an antibiotic. 

'fhc Fish Pathology 
Program C756-7069J, Pacific 
Biological Station can help 
diagnose fish health problems and 
suggest or help with correct.ive 
measures. 

- Gai-y Hoskins, Dorothee 
Kieser, Fish Health and 
Parasitology Section, P .B.S. 
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Salt Treatments 
Control Fungus on 
Eggs 

In 1993, SEP adopted a 
policy on use of drugs and 
chemicals in all fish culture 
operations: 

"The use of all 
chemicals, including drugs, 
used on tish ••.. ·must be in 
compliance with the Food and 
Drugs Act, administered by 
Health and Welfare Canada 
and the Pest Control Products 
Act, administered by 
Agriculture Canada." 

Robertson Creek hatchery 
developed salt treatments to 
replace malachite green (now 
prohibited) for control of fungus 
on eggs. A 20 parts per thousand 
(PPT) salt solution was used 

The salt solution consists of 
26 parts sodium chloride and one 
part calcium chloride. The salts are 
available from Van Waters and 
Rogers in Richmond (273-1441). 
The sodium chloride is called Sifto 
Fine Evaporated Salt. The calcium 
chloride is food gr.ade, dehydrate 

· calcium chloride. 
The calcium chloride will 

absorb moisture once the bag is 
opened so all of the calcium 
chloride should be weighed into 
lots immediately. For example, you 
may want to weigh the calcium 
chloride into two kilogram lots and 
store them in Ziploc bags. 

Mixing salt .solution 
Some of the CEDP 

hatcheries have constructed salt 
containers that sit on a stand. A 
header pipe runs from the salt 
solution container to the 
incubation area. Outlets ·run off 
the header so that each .Heath 
stack and Atkins line can be fed 
with the salt solution. The salt 
container sits high enough so that 
there is sufficient head to operate 
the sys:tem as gravity feed. 

The salt solution container 
can be fabricated with a built-in 
mixing system or you can use a 
small, plastic submersible pump to 
mix the salt solution. 

EXAMPLE: 

The volume of the 
container is two cubic metres 
which equals 2,000 litres. 

We want to make a 20 PPT 
salt solution: 20 PPT = 20 grams of 
salt per litre of water. 

The weight of salt required 
is 2,000 litres water times 20 
grams salt per litre: 

FORMULA: 
, 2,000 L X 20 g/I = 40.000 g (40 kg) 

The salt solution must be made 
from one part calcium chloride 
and 26 parts sodium chloride. 
40 kg/27 = 1.48 kg per part 

(Round this off to 1.5 kg) 
So: 

26 parts of sodium chloride= 
1.5 kg/part X 26 parts = 39 kg 
· 1 part calcium chloride= 1.5 

kg 

RECIPE: 
1.5 kg calcium chloride 
+ 39 kg sodium chloride 
+ 2 cubic metres water 
=a 20 PPT salt solution. 

'. y' 

Fish Culture 

To mix up the salt solution, 
weigh the appropriate amounts of 
sodium chloride and calcium 
chloride into a container. Add the 
appropriate amount of water. (To 
make it easy, you can draw a line 
at the correct depth of water on the 
inside of the container and just fill 
to the line each time you·mix the 
solution). 

Put a plastic sub.mersible 
pump into the container and mix 
the solution for an hour or two. Be 
careful about how long you allow 
the pump to run in the solution. 
The pump will heat up and this 
may cause the temperature of the 
salt solution to rise. Measure the 
salinity of the solution, it should be 
20 PPT. Add more salt if necessary 
to bring it to that. 

NOTE: The salt solution 
must be allowed to sit for 24 hours 
before being used to treat eggs. 

See next page for 
treatment instructions. 
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How to treat eggs with salt 
STEP 1. Check the water temperature in the incubators and the 

temperature of. the salt solution. There should be no more than 
a three degree difference in temperature. Check the salinity of 
the salt solution, it must be 20 PPT. 

STEP 2. Have your salt dispensing system set up and ready to go. (Also 
have your salinity meter or refractometer ready to go.) 

STEP 3. Have a stop watch or clock available to time ·the treatment. 

STEP 4. Turn off the freshwater flow to the incubators you are going to 
treat with salt solution. 

STEP 5. Add the salt.solution to the incubators being treated. The salt 
solution will displace the freshwater in the incubators until 
there is only salt solution in the incubators. You must monitor 
the salinity in the incubator. When the salinity in the 
incubator reaches 20·PPT, turn off the flow of salt solutiOn and 
start timing. The eggs should sit in the salt solution bath for 
exactly one hour. 

STEP 6. At the end of one hour, tum the freshwater flow back on. 

Salt treatments can be 
done twice a week (for example, 
every Tuesday and Friday) until 
the eggs are eyed. Once the eggs 
have eyed, you can use dead egg 
picking as the fungus control. 

CA.UTION: Do not treat 
alevins with the salt solution. 

Equipment 
required: 
./ Container for salt solution 
./Sodium chloride salt 
./ Calcium chloride salt 
./ Small"submersible pump for 

mi-ring the salt solution 
./ Refractometer or salinity meter 

to measure the salt 
concentration 

./ A dispensing system to 
administer the salt solution to 
the incubators .. 
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Try these on 
predators 

Ducks, mink, otters, 
kingfishers and a host of other 
creatures endorse the.n,utritional 

. value of salmon, but that does not 
make it any less frustrating when 
your salmon m·e the featured main 
course. From the largest hatchery 
to the smallest streamside 
incubation box, predators are a 
problem for most enhancement 
projects. 

· Keeping them from their 
chosen snacks is made more 
difficult by the fact that the 
predators are, like our fish, part of 
the natural environment. 
Obviously, while we do want to 
keep them away from the fish, we 
do not want to harm them. 

Many things have been 
tried, and there are no sure-fire· 
answers; but what follows is a brief 
overview of some of the methods 
that work (at least some of the 
time). Much of this information 
was provided by Quinsam hatchery 
on Vancouver Island. 

Netting works, but 
be careful 

Netting, arranged over 
rearing ponds, tubs and channels, 
is an old stand-by predator control. 

It is effective (60 to 80 
percent), but labour-intensive and 
it may pose hazards to predators 
and to people working nei;trby. 

Install and maintain it 
carefully. 

One problem with netting 
is that if birds do get inside (ducks 
will actually sit on the netting, 
then drop through to get to the 
pond!) they are trapped. Then they 
are likely to hurt themselves - or 
stress the fish - when they try to 
get out. 

Some precautions will help 
you to get the best performance 
from netting. 

Choose the right size of 
mesh (it's a barrier, not a trap). 

Anchor it tightly to the 
ground all around the perimeter of 
your pond or channel. (herons may 
"doing the limbo" t.o get under 
netting barriers!) Do not leave 
excess lying where people mny trip 
over it. Bury it in the ground or 
cement it in; either gives a tighter · 
seal than rocks or biicks. One 
effective method is to set fence 

Fish Culture 

posts around the perimeter of yom· 
pond or channel. Nail two by six 
boards all around, set. tight to the 
g-round, and secui"e your netting- to 
these with nails or good strong 
staples. 

When you have to join two 
pieces' of netting, make sw·e you 
don't leave any gaps. 

Many people "mark" 
netting with bits of ribbon or 
surveyor's Lape Ho hirdH will Hee it 
and not fly into it. 

A series of vertically­
strung nets often works for ducks, 
such as mergansers, that have a 
long take-off path. 

Netting can get in the way 
and slow down jobs like fish 
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sampling or filling feeders. At 
Quinsam, a net is anchored to 
sliders that let it run along 
stretched cables (one on each side 
of the channel). 'l'wo people, one t.o 
a side, can slide the netting back 
for access, and pull itback easily. 

Fright methods 
Quinsam has investigated 

other m.cthods of predator cont.rol, 
particularly for birds. The biggest 
problem with.most of them is that 
birds are very adaptable and soon 
get used to the device (gardeners 
know that, eventually, the birds 
roost on the scarecrow!).· Changing 
from one method to another helps. 

Strobe lights, flares and 
rockets: 

These all work, until the 
birds get used to them. 

Air cannon,· other 
noisemakers: 

'l'hese devices also work, 
until the birds grow blase; and, for 
obvious reasons, they arc not the 
"weapon of choice" in populated 
areas. 

Motion-triggered lights 
or buzzers: 

More sophisticated; a 
motion sensor, triggered by an 
approaching bird or animal, turns 
on secw·ity lights or a noisemaker. 
It only triggers in response to an 
intrusion, so it may take longer for 

52 

creatures to get used to it than if 
noise or strobe lights are used on a 
constant cycle. One problem; it is 
hard to evaluate the results. 

Balloons: 

One winter, when severe 
weather made biI:ds a serious 
problem at Quinsam, the hatchery 
tried balloons. About the size of a 
hcachhall, they were painted with 
a specifically engineered eyeball, 
designed to simulate a bird of prey. 

This-seemed to work but it 
was necessary to change the colour 
of the balloons regularly. 

The one-on-one 
approach 

Herc is a final idea, but it 
is probably too expensive. Dave 
did get information about what 
airports do t.o keep birds out of jet 
engines. '!'he Canadian Wildlife 
Service says many airports have 
someone on stafTwho patrols with. 
falcons, hawks or radio-cnnl.r;1ilcd 
devices to scare the birds off as 
soon as they approach. Apparently, 
that is very effective. It is also 
very costly, so unless you have a 
benefactor (or a friend who .is 
training.falcons), it may not be for 
you. 
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Vibriosis 
Vibriosis is· a bacterial 

disease that can cause extensive 
mortality in salmon reared in 
estuarine or salt water ne'tpens. 
Two species of Vibrio bacteria: 
commonly affect salmon here, 
Vibrio anguillarum and Vibrio 
ordalii. 

Vibriosis usually affects 
juveniles in water above 13°C. but 
has occurred at lower 
temperatures, depending on other 
environmental factors and stress 
levels. All salmon species reared in 
salt water are subject to infection. 

Affected fish often show 
bright red inflameg areas in the 
skin and musculature and bloody 
fluid in the body cavity. There may 
be hemorrhaging in the eye and 
pope ye. 

If the disease hits 
suddenly, there may be no external 
signs prior to significant 
mortalities. 

Prevention: 
1. Vaccinate fry prior to transfer. to 

salt water pens. 
2. Reduce stress: maintain hlgh 

oxygen, minimize handling, and 
keep densities well within 
recommended limits. 

3. Locate pens where adequate 
flushing occurs; avoid brackish 
<low salinity) water. 

4. Check with other projects or 
aquaculture facilities in your 
area to see if, where, and when 
Vibrio has caused mortalities -
and what techniques they have 
used to minimize losses. 

Guidelines: 
There are three ways to 

vaccinate fish: by immersion (short 
bath for fish<: 10 grams), by 
spraying (10+ grams size), and by 

injection (usually adults or captive 
broodstockJ~ The method we 
describe here is the most one most - · 
commonly q.sed - the immersion 
method for fry/fingerlings. 

In general: 
./ follow the vaccine 

manufac~urer's instructions for 
use 

./ treat only healthy fish 

./minimum size for effective 
vaccination varies with species; 
generally larger than 2.0 grams 

./once mixed with water, vaccine 
should be used immediately; it 
cannot' be stored; unused bottles 
of vaccine should be stored in a 
cool, dark place at four to seven 
degrees Celsius. 

./ try not to handle the fish for at 
least one week after treatment 

./ vaccinated fish should be kept in 
fresh water for a period (usually 
about 200 ATU's - 20 days at 
10 degrees C.) before being . 
transferred to salt water 

./ ifthe transfer to sea water is 
delayed for a long period 
(greater than 100 days for 
chinook), a booster vaccination 
would be advisable because 
immunity gained by initial 
vaccination diminishes with 
time . 

A. Vaccine 
Vibrio vaccines are 

prepared from the inactivated 
Vibrio orgailisms, as with many 
vaccines for human and domestic 
animal medicine. The goal is to 
have the fry take up enough 
vaccine so the immune system 
learns to recognize and destroy the 
"bad guys" when the live bacteria 
strike. 

To ensure efficiency and 
safety, use only vaccin_es that have 
been licensed for use in Canada. 
Vaccines come in a combined 
formula (both types of Vibrio) or in 
separate formulas for each type 

Fish Culture 

(which can be combined when 
mixing up the immersion solution). 
Containers are usually one litre in 
size and are mixed with water ( 1 
litre solution and 9 litres water) 
just prior to treatment. Specific 
instructions "ill come "ith the 
vaccine and should be read 
and followed carefullyl 

B. Equipment 
./ floor type weighing scale with 
./large container of water 
./oxygen bottle with regulator, hose, 

and small air stone 
./ oxygen meter 
./ thermometer 
./ crowder net or screens for trough 

or pond 
./ post-treatment container nearby 
./ pencil and paper to record dips 
./stopwatch (time immersions) 
./ dipnet or screened container for 

fish: fits inside weighing bucket/ 
box. Ensure: Al if it is a dipnet, 
the bag is long and large enough 
so fry are not squished and can 
spread out in the vaccine so all 
are immersed and, B) that mesh 
size permits easy draining of 
excess water/vaccine. 

./container (small coolers work 
well) for vaccine ~olution which: 
A) dipnet or screened container . 
fits into easily and, B> is of the 
right dimensions so solution is 
deep enough to immerse all fry 
when net or box is placed in it. 

C. Set-up 
a) Site: try to set up so: 

1. Vaccination takes piace 
close to both 'the pond and the 
recovery container - if you can 
only be close to one, make it the 
recovery container - after you 
weigh out the correct amount of 
fry, carry the entire weighing 
bucket to vaccine site before taking 
the dipnet or fish box out of the 
bucket; drain water from fish and 
place them in vaccine. 
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2. You have shade and 

use the cooler time of day (air and 
water temperature). 

3. You have easy access 
to water for mixing vaccine and . 
adding to weighing bucket. 

4. Scale is level, easy to 
read, and you don't have to step 
over it to get to the vaccine 
·sofotion or recovery pond. 

5. The oxygen bottle/ 
regulator is in a stable and secure 
stand where it will not be 
disturbed' during treatments: 

b) Preparation: 

L Plan so treated fry will 
be of the right size to be -
transferred to seapens within the 
specified time noted in the vaccine 
instructions. 

2. Purchase sufficient 
· vaccine for the entire group of fish, 

allowing for 15 to 20 percent 
inventory discrepancies (too much 
is better that t.Qo little). 

3. Do a bulk weight 
sample the day before to confirm 
how much vaccine you need and 
number of dips required (e.g.: you 
may only have 80 kilograms of fish 
to do so you could make each dip 
four kilograms instead of five). 

4. Starve fish for at least 
12 hours prior to tre·atment. 

D. Procedure 
L Check temperature of 

vaccine and water to m'ake sure 
they are within five degrees of each 
other. 

2. Set up equipment; mix 
vaccine. 

3. Turn on oxygen -
monitor to keep level at 10 to 12 
ppm. 

4. Fill weighing bucket to 
a pre-determined weight with 
water; place the fry net or box into 
it. 

5. Crowd enough fry in 
rearing unit for 20 vaccine dips. 

6. Dipnet fry out; allow 
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excess water to drain off before 
pouring into fry net or box. Add fry 
until the desired weight is reached 
( five kilograms for 10 litres of 
vaccine/water solution) 

7. If solution is near both 
"from" and "to" containers, simply 
take fry net out of the weighing 
bucket, drain slightly, and· 
immerse it in the vaccine solution 
for a full 20 seconds or for the 
period prescribed for the type of 
vaccine you are using. Make sure 
that all fry are immersed. 

8. Lift fry net from 
solution; allow excess vaccine to go 
back into the container; gently 
dump fry into th~ recovery 
container. 

9. Check oxygen levels, water 
weight on scale, and rate ofrecovery 
of first load before continuing. 

Additional Note: 
Many aquaculture 

companies give their fish a 
vaccinati9n in fresh water then, 10 . 
days after transfer to salt water, 
give a booster. Results have been 
excellent according to Brenda 
Donas (CA, Smithersl and the 
amount of time and money to treat 
Vibrio outbreaks has b~en greatly 
reduced. Be sure to check with your 
CA and vaccine supplier before 
considering the booster vaccina#on. 

Suppliers (1993) 

Supplier 

Micrologix Ltd. 
Sidney, B.C. 
Tel: (604) 652-4482 
Fax: (604) 4802 

Biomed Inc. 
Bellvue, WA 
TeL (206) 882-0448 
Fax: (206) 882-2678 

Aqua Health Ltd. 
Charlottetown, N .S. 
Tel: (902) 566-4966 
Fax: (902) 566-3573 
(B.C. contact: 
G. Seaton: 756-0543) 

Vaccine Type 

Combined 
MicrovaX (anguillarum) 
MicrovoX( ordalii) 

·Combined 

Combined 

Approx. cost/ litre 

$75.00' 
75.00 
75.00 

($U.S.) 42.40 

75.00 

LJ 

LJ 

LJ 

LJ 

LJ 

LJ 
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near an endangered stream, this 
"envirotip" may give you some 
useful ideas. 

1. Define the problem. 

Surrey is an area of rapid 
growth. As a result, there are more 
people living, working and playing 
near the Serpentine River and its 
tributaries .. More people near a 
stream means greater risk of 
damage. 

Tynehead Enhancement 
Society members worked from the 
premis that, while there are some 
cases of people deliberately 
damaging the environment, 
ignorance is more often the cause. 
So, they reasoned, if they could 
make people better informed, there 
would be less damage. 

They also reasoned that, if 
more people knew about the 
dangers threatening the streams in 
their neighbourhood, more people 
would be on the look-out for those 
whose deliberate actions cause 
damage. 

· 2. Pla.n. plan. plan. 

Once the problem is 
defined, a plan is necessary. The 
plan that Tynehead devised was to 
enlist the interest and support of 
all property owners on the 
Serpentine system. 

The group hoped to use the 
environmental awareness tha~ is 
growing these days and couple it 
with informed self interest - after 
all, if a creek is flowing beside your 
property, you have a. vested 
interest in keeping it healthy. 

The Tynehead plan called 
for establishing direct, personal 
contact with each stream-side 
property owner. it called for 
offering them information, 
inducements and a chance to meet 
their neighbours. And, because the 
goal was long-term, it also called 
for establishing an on-going 
relationship with these property 

owners. 
The plan also involved 

working through the area's SEP 
community advisor to be sure that 
all affected authorities were aware 
of the program before it started. 

3. Name your targets. 

It is easy to say, "We need 
to send a direct, personal letter to 
each property owner." It is much 
harder to do that. -

Tynehead volunteer Lynn 
Price knows about that; she 
undertook compiling the mailing 
list. (See next page for mechanics 
of mailing.) 

4. Deliver the message 
- with a punch. 

Once there is a mailing list, 
you have to deliver a message -

. and you don't want it to go the way 
of"junk mail." That means you 
need to make the message an 
attention-getter. 

Tynehead sent a letter, 
with some information about the 
Serpentine River and stream care, 
to each property owner. They also 
decided to try a couple of attention-

-getting devices. 
The first device was an 

invitation. The group timed the 
initial mailing to reach the 
households shortly before the 
hatchery's Open House and fish 
release in May. Each property 
owner was invited to come out to . 
enjoy the event. As a second · 
attention-getter, coupons were 
enclosed in the letters. Each 
coupon entitled the bearer to two 
free coho fry for release into his or 
her own section of the stream. 
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5. Keep track of how 
you're doing. 

When the Open House 
event was in progress, each of the 

· stream-side property owners who 
attended had his or her property 
marked with a dot on the master 
map at the hatchery. This refined 
the basic mailing list; letting the 
society know who had 
demonstrated an interest. 

In Tynehead's case, the 
Open House drew about soo·people 
from the stream-side residents 
mailing. Assuming that each of the 
800 homes identified is occupied by 
three to four people, that would be 
approximately 20 to 25 percent. 
Area-by-area, response rates 
varied; on one crescent, 
representatives from all eight 
homes attended the event. 

For an Open House to be 
successful, it should offer a variety 
of ways to draw attendees into the 
issues. Some things to consider: 

•Displays with photos that 
show good and bad habitat, with 
short explanations of why. 

• Maps of the area, with 
streams highlighted. 

• Something for the 
children: a tide pool for touching 
sea creatures, a tank of salmon fry, 
SEP's infla~ble salmon, complet.e 
With a story-teller inside, or a 
group leader to organize salmon 
and habitat games or art activities. 

6~ How you continue is 
more important than 
how you start. 

A watershed is in a 
constant state of renewal, so trying 
to make it healthy is an ongoing 
job. Tynehead planned to keep up 
the relationships it established and 
to expand on them. 

Regular mail.ings to all the 
households were planned. These 
included a newsletter and 
information pamphlets (available 
from Fisheries and. Oceans or the 
B.C. Ministry of Environment) 
about streams, fish and what both 
need to stay healthy. The society 
also planned to invite the 
householders to other events, with 
speakers to offer information on 
streambank care and other 
environmental topics. 

As well, the Tynehead 
Society planned a committ.ee for 
those who, while not interested in 
working at the hatchery, were 
interested in being part of the 
public information program. 

The Tynehead model offers 
a good approach that could be 
adapted to other neighbourhoods. 

Mailing list·mechanics 
For those who want to make up a neighbourhood mailing list, the 

method Lynn Price uses is: , 

1. Use municipal land title maps (at city hall) to locate each 
individual piece of land along the river and on its tributaries. 

2. Make a list of the street addresses from these records. 
3. Use the postal code directory (available at Canada Post or 

in your library) to get the postal code for each street 
address. 

4. Also in library, use criss-cross directory to find names 
·of owner for each address on your list. 

5. Now it gets easier; compile the list using a 
comput.erized mailiiig label program. · 

6. Prepare your lett.er, stuff envelopes, st~p 
and mail. 

CJ 
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The· general 
stream survey 

Stream surveys can be 
carried out to count adult 
spawners, to evaluate habitat, to 
identify juveniles by species and 
determine their relative. 
populations, or just to get an 
overall feeling for the general 
productivity of a stream. 
· The degree of difliculty in 

can-ying out surveys varies. Some 
surveys require trained personnel 
and specialized equipment. 

This Tipsheet. gives 
information on how to conduct a 
very simple survey to discover and 
record basic characte1istics and 
population levels in a section of 
stream. It is not capable of , 
producing a detailed evaluation of 
a stream's carrying capacity, but 
could provide a starting point for 
such work. 

The data can be of value 
for habitat and fishe1ies 
management people and to various 
government agencies. 

This project may be of 
particular interest Lo teachers who 

.~ arc planning futw·e incubation of 
LJ · salmonid eggs. It wlll help 

students become more aware of the 
type of habitat their fry wm need 
when they are released. 

u 
u 

Tools and 
equipment 

Most is readily available: 

1. Maps 

LJ A large-scale map of the 
stream is essential. The best are on 

~ a scale of 1:50,000. These often 
LJ show building sites which can be 

used as landmarks in sparsely 
LJ . populated areas. They may be 

Habitat and Environment 
obtained from stationary stores 
carrying government publications. 

You also need a ruler or 
map measuring wheel. 

2. Recording material 

You need a good supply of 
pencils. and notepads or survey 
forms on which to record what you 
observe. A portable tape recorder 
may be useful if you are forced to 
work in wet or windy weather and 
writing is difficult, but be sure to 
record your exact position before 
recording each set of observations. 
When transcribing the information 
later, your will need to relate it to 
positions on the map. 

Stream cards are available 
from federal and provindal 
agencies to help those conducting a 
more thorough sw-vey. 

3. Other equipment 

./ Polarized glasses: 
help to reduce glare artd make it 
easier to see' (and therefore count) 
fish. 

./ Compass: for locating 
yow· position with reference to the 

·map. (Also of obvious value for any 
activity that takes place in remote 
areas.) 

,/ Tape measure: (or 
sm-vey chain) optional for a 
general survey; essential for 
advanced work. 

./ Walking stick: for· 
safety and to measure ·stream 
depth; marked in 10 or 20 cm 
sections . 

./Timing device: a watch 
with a sweep second hand or a stop 
watch to calculate water velocity. 

./ Floating objects: pieces 
of wood or oranges for measwing 
velocity (oranges are best as they 
are partially submerged and 
produce a more accw·ate measure 
of velocity in water column). 

./ Thermometer: in a 
ca11-ying case. For air and water 
temperatures. 

l ;;· 

./ Identification 
materials: the diagrams from this 
Tipsheet will aid in fish 
identification. Booklets that 
identify insects, plants and trees 
are also useful. Some of these can 
be obtained from gove1nmenl 
agencies. 

Warmth and safety 
It is important that you 

also equip yourself with warm. 
waterproof clothing. It is essential 
that your footwear be suitable for 
damp and slippery conditions. 
Teachers taking school classes on 
such outin~ should have blankets, 
warm drinks and basic first uid 
equipment as well. 

If you are working in a 
remote area it is essential to work 
in pairs - even a minor mishap 
can become se1ious if you are alone 
in the bush. 

Getting started 
Always be sure that you 

get permission if you will be 
working on privale land . 

Mark your map with your 
starting position. Mark the stream 
ofTfrom that pmiition in 0.2!"i km 
!about 1/4 milcJ scctionH um.I 
number each section. Be sure that 
you check each item on the survey 
form at each location. 

You will need Lo use a fresh 
sheet of paper or survey form (or 
make a note in your tape 
reco1·ding) as you pass the 
boundary of each of yow· map 
sections. 

The survey form 
The following information 

will help you to fill out each form. 
The first section asks for general 
information on the stream, time 
and who did the suI"Vey. 
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A. Stream and 
water 

1. Stream width and 
depth! with a tape measure, check 
both the width at current depth 
and that indicated for high~water 
flows. Also measure today's depth. 
Tllk:e readings at each of three or 
more spots and average them. 

· 2. Flow: measure· off a 
length of stream (about 10 meters) 
with a fairly uniform cross-section 
and no obstructions. Best done at a 
riffie with relatively smooth 
bottom, or at a culvert or bridge 
crossing. Time how many seconds 
it takes a floating stick or orange 
to cover it. Repeat five times and 
take an average. Divide by 10 to 
get meters per second. This will 
give you water velocity. The 
following formula will help you 
calculate water flow: 

average width X average 
depth X velocity (metres/second) X 
roughness coefficient (0.8 for rough 
bottom or 0.9 for smooth bottom)= 
cubic metres/second 

For more accurate 
results, measure stream depth at 
one-meter intervals. Calculate 
water area as below: 
section 1 = lmX .2m deep = .2m2 

section 2 = lmX .311i deep = .3m2 

section 3 = lmX .3m deep = .3m2 

section 4 = lmX .2m deep = .2m2 

Tot"al 1.0m2 

Flow = velocity X area 
3. Stream gradient: note 

whether streambed is nearly flat, 
moderately or steeply sloped. 

4. Stream bottom: note 
whether sand, dirt, small gravels, 
stones, boulders or bedrock. 

5. Stream prof"tle: note 
the shape which most closely 
resembles a cross-section of the 
stream. 

6. Water: note water and 
air temperatures. ~xpress the 
clarity in terms of depths to which 
you can see clearly and note any 
evidence of colouration. 
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B. Land and 
surrounding_s 

Pictures provide additional 
information when correlated with 
your map points. Always take 
photos facing upstream. 

7. Surrounding 
vegetation: note the density and 

, type for both streamside and 
· nearby areas. 

8. Obstructions: note 
logjams, waterfalls, dams or qther 
obstructions. 

9. Areas of cover: (for 
bothjuveniles and adult 
spawners); be sure t.o include the 
underwater covers - rocks, 

. undercuts, submerged logs, etc. 
10. Shade and cover: note 

the percentage of water that is 
shaded. Also estimate <based on 
compass readings, direction of flow 
and the height of vegetation) the 
amount likely t.o be shaded at 
<iifrerent times of the day. 

11. Streambanks: note 
height, whether they are steep or 
gently sloping, undercut or eroded, 
and whether of rock or soil. 

12. Surrounding land 
use: note the type of nearby land 
use. This is especially complex in 
urban areas; try t.o note as many 
different activities as possible. 
Provide an estimate of the width of 
the vegetation strip between the 
bank and any developments. 

13.-Pollution sources: 
note as silt, sewage outfalls or 
storm drain; areas which may 
carry livest.ock wastes int.o the 
steam; irrigation returns which 
may carry pesticides; land tills, 
industrial drainage and other 
drains ·or ditches. 

Li 

u 
C. Living 

LJ . organisms 
14. Plants: note number of 

~ water-rooted plants and species in 
a square metre. If you don't know 
the species, note whether broad-

LJ leafed or narrow-leafed. 
15. Insects: try to give a 

rough estimate of the abundance of 

LJ aquatic and land-based insect life 
and identify as many species as 
possible. If there is very little 
evidence of insects it may be useful u t.o note the amount of decaying 
vegetative material in the stream. 
Such information aids biologists in 

LJ estimating steam productiVity: 
16. Fish: measure off(in 

your mind's eye if necessary) an u area equal to about one cubic 
metre of water volume. Note by 
species and size the number of fish 
you can see in that cubic metre. u Make observations on several such 
"blocks" of water in each section 
that you survey. You may also 

Li wish to note specific 
characteristics of these blocks of 
water, such as nearness to banks 

u or pools. 

A final note LJ 
This type of survey is only 

a general or preliminary study of a u stream. It can be very useful in 
spite of its limitations since it can 
give general stream catalogue 

LJ 
information to be kept on file and 
some idea of the potential of a 
given stream. Stich information 
may guide other groups looking for u the most advantageous site for a 
frY release and may also provide a 
starting point for planning a 

LJ habitat improvement proj~ct. 
Please be stire tha't all your 

notes and findings are turned in to 

LJ 
your community advisor to tum 
over to regional inventory 
coordinators. That way others will 
be able to benefit from y9ur efforts. 

LJ 
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The general stream survey 

Section no. 
Stream---·-······-····-··-·························-------· R i ve r system---·-··-···-·-···-----·-······-·····-···· from ma P-----·-·· ___ .. -···-···-

Sta rt in g 
Date-----~---·-····-·-····· Ti me.·-····----·-···-·· I ocation_··--------··-----------······-··-···· Surveyor ····-············-·······-·· 

Landmarks.·-····-··-···-··-·············-·······---------···----·-·-··------------·-··--------·-····-··-················-·········-·-····-····-···· 

/Al Stream and water 
Stream width: ····--·-·----·-· metres today . 

(use for flow calculationl 
··-··-----··-· high water mark 

Stream depth:------------ cm today 
(u1e for flow calculation I 

Flow: ···-······· m/sec (velocity) X ---·-·stream width 

X ---·-· stream depth X --·····-·· bottom factor = 

--·····-- cubic metres per second flow 

Stream gradient: D flat D moderate D steep 
dirt/ 

Stream bottom: --·-·--··%sand ·-----.%small gravel 

...........•.. %stones .•.......••..•. %bo u I de rs -·-···--·-%bedrock 

Stream profile: .~vvuw 
D D D D D 

Water: Water temperature --·--- 0c 
Air temperature ·-·--·-··- 0 c 

Water claritv D less than 5cm D 0.5m to 1m Dover 1m 

Colouration 

·[al Land and sur~oundings 
Surrounding vegetation: 

Tvoe Abundant Moderate Snarse None 
Coniferous Trees 
Deciduous Trees 
r.r:u•l•hruh• 

Obstructions: 

Tvoe Heiaht(m) Location 
Dam 
Falls 
Culvert 
Logjam 
Other 

Areas of cover: 

Type Abundant Moderate Soarse None 
Leas 
Root wads 
Rocks 
Undercuts 

-

Shade and cover: 

Time 0 10 

Stream banks: 
Deroded 

20 30 

Dsteep 
Drock 

40 50 60 70 

D sloping 
D soil 

80 90 100 

D undercut 

Surrounding land use: D forest D farmland 
D rangeland D suburban D industrial 

'Pollution sources: D silt D sewage Danimal waste 
D.irrigation D industrial D other .. _. _____ _ 

IC I Living organisms 

Plants: 
Type AL.. •• _ _. __ .. 

··-~---- ~-----

Insects: 

"- .. ~·:- 11.i. .. nmn• M-'-·-- "'--··-

Land-based Abundant Moderate Snarse 

Fish: 

Number per cubic metre 
Species O.Scm 5-20cm 20+cm Adult 

rhinnnk 
Coho 
Chum 
Pink 
Sockeye 
Steel head 
Cutthroat 
n.n .. r 

, . -/~~ditional comments .• ~---···-·····:::. ......................................... . 
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Identification features of juvenile salmonids 
Drawings show approximate relative sizes at migration 

Chinook 

Parr marks oval, wider 
than interspaces 

Parr marks oval, but 
narrower than interspaces 

Coho 

. Parr marks staggered 

Sockeye 

5 to 1 O parr marks on dorsal 
ridge ahead of dorsal fin 

No teeth on 
base of tongue 

Maxillary does not No red or 
extend past rear yellow mark 
margin of eye on throat 

Steel head 

Dark spotting 
on both lobes 
of tail 

Chum fry 

Faint parr marks, extend little, if any, below 
lateral line. Leaves fresh water as fry . 

.M1l~ 
13 or more rays 

No parr marks. Leaves 
fresh water as fry. 

No spots Pink fry 

Spots in dorsal 
No more than 5 parr marks on 
dorsal ridge ahead of dorsal fin 

~~~~ Tail 
usually 

--<--~~ black Teeth on base of .tongue 

Maxillary extends past 
rear margin of eye 

Few or no 
spots in tail 

8 to 12 rays 
in anal fin 

~~'fil spotted 

_rays 

Cutthroat 
I 

D 

D 

D 
0 
D 

0 
0 
D 
0 
0 
D 

0 

0 
0 
D 
D 
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Storm Drain Marking. program 

If you ask most people 
what happens to water that goes 
down the storm drains, chances 
are they will respond "It goes into 
the sewer," or "I really don't know." 
In fact, it usually goes right into 
the closest stream. So, of course, 
whatever is in it goes there, too. 

Many B.C. youngsters 'are 
working to remind people of that 
fact, and of the danger of putting 
gasoline, antifreeze, garden 
chemicals and paint thinners down 
those handy storm drains. 

The Storm Drain Marking 
Program is sponsored jointly by 
Fisheries and Oceans Canada and 
the B.C. Ministry of Environment 
and Parks; funding is from the 
Ministry's Habitat Conservation 
Fund. 

The Mark of the 
Yellow Fish 

The idea is simple, sensible 
and appealing. First., use 
pamphlets and the media to ma\ce 
people aware that,harmful 
substances that go down these 
drains end up in fish and wildlife 
habitat. There they kill fish, birds 
and animals. Second, mark the 
cw-b-side drains as a constant 
teminder. That is where the kids 
come in. Schools and youth · 
organizations provide the painting 
power needed to tackle the job of 
locating and marking all those 
drains. 

The mark chosen is a fish, 
stenciled onto the street or curb 
with bright yellow, long-lasting 
highway paint. 

For the kids, it's a double­
play; they get to have the fun of 
painting on the roads and of doing 
something real, personal and 
immediate to help the 
environment. 

To start on art 
Of course; you can't just 

send groups of children out to 
paint on the public streets. First, 
permission from the local 
government must be obtained. 
Second, maps of the area are 
needed so that the municipal or 
city officials will be able to keep 
track of what areas have been 
marked. Third, someone has to 
coordinate the effort. Fourth, 
painting supplies have to be 
obtained. Fifth, the actual work 
crews have to be given 
instructions. 

Areas wanting to start 
their own marking program should 
contact their local community 
advisor or the Ministry of 
Environment and Parks for 
information and assistance. 

How it works 
. Once the paperwork is 

done, childi·en are selected, 
through classes or youth groups, 
and put through a workshop. 
There they learn what 
the program is 
about, how to 
ClllTY it out -
safely - and 
how to 
distribute 
materials 
that let 
the 

. neigh­
bourhood 
know 

. about the 
program 
and its 
purpose. 

Teach the 
teachers 

Al the workshop, the Ii r·st 

order of business is to teach the 
children about storm drains and 
their link to fish and wildlife 
habitat. They learn that water 
from storm drains flows straight 
into streams, rivers or tidal waters 
without being subjected to any 
kind of treatment.. They are 
encouraged to discuss the needs of 
fish that live in the water and 
other creatures that drink it. Then 
the leader asks them to consider 
the kinds of materials that can get 
into the drains and how that can · 
happen (deliberate dumping or 
washing in from gardens and 
driveways). 

This teaches the children 
but also equips them to answer 
questions from people they meet 
when they are out marking drains. 

Safety first 
The leader then moves onto 

a vital topic, the safety of the 
marking crew. They arc shown 
safety vests and told they must 

wear them when at the 
roadside. They are also 

·told that they must 
have a traffic 

spotter with 
each crew; 

someone to 
warn them 
when there 
is traffic 
approach­
ing. 
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As well, the teams are 
warned that the highway paint is 
not good for human skin. They are 
told that those actually working 
.with the paint must wear rubber 
gloves to protect their hands. 

Check out the kit 
Each.team goes out with a 

marking kit, outfitted with 
everything needed to carry out the 
program; vests, paint, brushes, 
gloves, and a master stencil. 
During the workshop, a sample kit 
is used and the contents are 
examined and discussed. Care of 
kits, tools, and equipment is 
explained. 

Public relations 
experts 

Each team is given a 
lesson in good public relations; 
how to give polite responses to 
questions, and how to explain the 
importance of keeping chemicals 
out of the storm drains. They are 
also shown the pamphlets that are 
to be distributed around the area 
when they are marking. These 
pamphlets, Are You Killing Your 
Fish? and Home Tips for Clean 
Streams, help to explain the 
water quality issue to the 
residents. 

Where the water goes 

Auto maintenance fluids Sink, dishwasher 
Garden fertilizers 
and pesticides 

Runoff from lawn, 
flowerbeds, and garage 

Storm drain 

The art ·part 
After the children know 

D 

D 

about these aspects of the program. 
there is a session on how to conduct o 
the actual painting. That, of 
course, is the fun part. 

Yellow fish are appearing D 
in many communities. It's a 
program that seems to satisfy 
everyone involved. 

Information 
For information on this 

program, call Fisheries and 

0 
0 

Oceans, B.C. Ministry of 
Environment, or B.C. Conservation D 
Foundation. 

Shower. sink. bathtub 
and toilet 

0 
0 
CJ 

LJ 

CJ 

D 
LJ 

Outfiow 
Sewage treatment plant D 

p Ocean 
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Stream work: 
cover 

Some problems commonly 
affect salmonid-bearing streams, 
limiting their productivity. Many 
such problems can be solved. 

It is essential to start 
with a stream habitat 
assessment, with your CA's 
assistance, to determine the 
major fnctor(s) that keep the 
stream from being an ideal 
home for fish. This can be the 
most impm1.ant w.ork done, 
because what you discover from 
your assessment will have a d.~rect 
bearing on the rehabilitative · 
direction you take for your stream. 
If you miss the problem 
identification process, there is a 
good chance of using a technique 
that has no application to the 
problems of the stream. 

Also be aware that no 
work should ever be 
undertaken in any stream 

. without professional advice 
and assistance. Streams are 
complex environments, affected by 
interconnected factors and it is 
possible that the "solution" to one 
problem will create another: · 

Juvenile rearing 
needs 

Salmonid fry arc 
considered a delicacy by a variety 
of other creatw·es; birds, larger 
fish and small animals feed on 
them. As well, young fry are not 

. strong enough swimmers to 
withstand the force of currents 
that may flow during freshets. 
Both these factors can lead to very 
high losses during this stage of the 
life cycle. These losses cannot be 
eliminated, but they can 
sometimes be reduced. Proper 
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placement of cover in a stream can 
considerably increase the safe 
rearing are.a available to fry. 

Before beginning any 
habitat improvement project, there 
are some essential poin~ to 
remember. 

1. No two streams are 
identical, so all work must be 
planned and approved for a 
specific site. 

2. Different salmonid 
species have somewhat different 
requirements, so expert advice is 
needed on what improvements 
should be undertaken. 

3. There are restrictions on 
what work can be donejn a stream 
and on when it can be done - your 
community advisor can help with 
planning and with obtaining the 
necessary authorizations. 

This Tipsheet offers 
information on some of the 
techniques that are used to 
increase rearing capacities. While 
no printed sheet can presume to 
offer a solid analysis of what might 
work in a particular location, the 
following notes should help you to 
become familiar with the 
techniques so that you will be in a 
better position to plan and execute 
the work if one or more is 
approved for a stream in your 
community. 

The best course 
may be "do 
nothing" 

Running water obeys 
certain laws of nature and it can 
exert considerable force. Therefore, 
any alteration made to a stream 
may produce secondary results -
either at the site or at some point 
downstream. For this reason, it is 
always safer to err on the side of no 
action, nt lco!'lt unti I a thomu1?h 
assessment has been made. This 
may require watching and keeping 
a diary of the stream's flow 
patterns over a period of a year or 
two so that any work undertaken 
will be planned with all likely 
~nditions in mind. Professional 
advice is essential. 

Vegetation 
Some of the best cover for 

juvenile fish is provided by stream ' 
side vegetation. This may already 
exist or be starting to take root at 
your site. Conservation measures 
- keeping track of development 
plans, making sure private 
landowners understand the need 
for an "unsightly" bank, restricting 
access by animals and people, and 
planting a few more trees or 
bushes may be all that is needed .. 
This does not seem like a very 
dramatic effort - but the results 
can be very rewarding. 

Stream banks' 
There are three sections to 

a ~tream hank; one is always 
. submerged, one is only under water 
in high-flow seasons, and one is 
always (or almost always) above 
high water. Each section 
contributes to the environment 
which supports juvenile fish. 

The submerged portion of 
the bank is frequently a SOUl'CC of 
protection. If the bank is undercut, 
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fry may hide beneath it to escape 
predators approaching from the 
land. If there are large rocks and 
boulders along the bank, the 
crevices between them provide 
cover from both land-based 
predators and other fish species. 
Such cracks can also provide safe 
nooks for fry to wait out a period of 
higher water flows which might 
otherwise wash the small 
creatw·es downstream, 

The section of the bank 
that is submerged at high water is 
frequently undercut to a Rizable 
degree. If it. can be Ien that way 
(by restricting foot traffic 
that might crumble it), it 

formation of pools and undercut 
banks favoured by juvenile 
salmonids. Vegetation also, 
moderates temperatures and 
provides a source of food. While 
most of the fry diet is made up of 
water-dwelling insects, those 
which fall from the branches 
overhead are a good food source. 

Planting suitable stream 
side vegetation is one excellent 
improvement for many streams. 
The best results will be obtained if 
expert advice is sought on what to 
plant, where to plant it, and at 
what time of year the planting 

-High waterline 

Logs in the stream 
Floating cover, which rises 

and falls with the water level, can 

0 
D 
CJ 

be provided by floating cedar logs o 
in the stream. Logs can be whole or 
split, and several can be lashed 
together to form a raft. These 

0 
D 

D 

should be placed adjacent to a 
steep bank, in an area with some 
depth so lower water levels will not 
leave them high and dry. The 
upstream ends of the logs must be 
securely lashed to the downstream 
~idc of a lnq,?e l'x>taldcr or a 

provides a mar~iri between 
· the land and water. This 

makes access for small 
animals very ditncult and 
greatly reduces their 
chance to prey on young 
fish. Such undercut banks 
also increase the amount of 
shade, offering a cool 
summer environment for 
rearing fry. 

/Normal waterline D 

D 

64 

The section of the 
bank that is rarely, if ever, 
submerged is of vital 
importance for this is where 
grasses, shrubs and trees 
take root. -

The value of this stream 
side vegetation cannot be 
overstated. It provides nutrients, 
cover, a storage urea for wat.e1:, and 
stream bank stability, resisting 
erosion and assisting in the 

~ 

should be done. Consult your 
community advisor who will be 
able to tell you what to plant by 
yow· stream or who can direct you 
to another information sou1·ce. 

substantial tree at the ed~e of the 
stream. Float logs parallel to the 
current. 

It is important to 
remember that wood will rot in the 
stream, so cedar is the best choice 
for this put·pose. 

D 
D 
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Whole trees 
A natw·al source of cover 

that can easily be duplicated is the 
fallen tree. Lying partially in the 
stream, a tree provides excellent 

· cover for yoWlg fish, and an ideal 
substrate for aquatic organisms. 

The same effect can be 
created by placing a tree in the 
st.ream, but it must be placed in a 
manner that does not encourage 
buildup of debris or scouring of the 
bank behind it. 

Trees set into the stream 
should be placed with the tops 
pointing downstream (a fine point 
that nature sometimes ignores!) so 
the branches 

0 
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Root wads 
.,_,,,,.~, /Stump 

~-~/ 
Root wads form superior 

cover for rearing fish, offering 
many nooks and crannies t.hat will 
be used as hidin~ spaces. They 
must be handled with care, 
however, since their complex 
structure can pick up heavy 
concentrations of debris. 

will be self-
cleaning. The upstream (butt) end 
of the tree must be solidly 
anchoi·ed above the high water 
mark so it will not collect debris. 
This cover probabl:r·realizes the 
greatest benefits in wide, shallow 

streams with a sand or gravel 
bottom. 

Remember to check with 
the landowner or the B.C. Forest 
Service for permission to fell trees. 

Place root wads so that the 
entire root structure will remain 
submerged du1ing the lowest water 
levels. If any of the tangled root 
structure is left exposed, it will 
soon begin to collect small bits of 
waterbome debris. As it builds, it 
offers a resting place for larger bits 
of wood and a major water 
blockage can result. Such an 
obstruction may remain, and 
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continue t.o build, through 
successive floods and receding 
water levels. Alterations to the 
water flow patterns, and severe 
erosion problems nearby may be 
the unintended end result. 

Root wads must be 
securely anchored to the stream 
bank - lashed to a solid tree, 
stump or rock - or securely 

' pinned into the stream bed with 
lengths of rebar. 

Summary Guide 
of Stream 
Rehabilitation 
Strategies 

Eroded stream bank 
Lack of fish food production 
Spawning substrate lacking 
Cover for adult fish lacking 
Cover for juvenile fish lacking 
Lack of rimes and pools 
Streamside vegetation lacking 
Stream temperatures warm 
Excessive silt deposition 
Livestock access to watercourse 

Log and brush 
shelter 

A log structure filled with 
brush is an alternative to root 
wads or trees, and provides both 
instream and overhead coverage. A 
main log (parallel to current) is set 
into the stream bank over an open 
pool. Three or more abutment logs 
(perpendicular to current) are also 
dug into the bank and pinned to 
the main log with a length of rebar. 
This structure will last lnnJ?CSt if it 
is fully submerged. Brush or 
logging slash is then anchored into 
this framework. The brush should 
be partially submerged so that it 
will harbour both aquatic and 
terrestrial insects. This device is 
most suitable for use in low 
gradient stream beds; consult your 
community advisor. · 

• •••• • 

Avoiding the 
unplanned 

The dynamics of a flowing 
stream are complex. If cover is 
being provided, ·all likely results 
must be taken into consideration. 
Expert advice, from your CA and 
others, must be sought before work. 
begins. Once the work is 
completed, follow-up inspections 
should be done on a regular basis. 
PrompL repair work is especially 
criLical during Lhc 1i1·sL few years 
following installation of structures. 

• • ••• • • ••••••••• •••••••••••• • • • • • • • • • • ••••• • • • 
Natural meandering of watercourse lacking • 
Fish migration interrupted 1• 

66 

D 

LJ 

CJ 

D 

D 

D 

D 
D 

D 

D 
0 
LJ 

D 
D 
CJ 

LJ 

LJ 

LJ 

LJ 



Stream work: 
obstructions_ 

HubiLuL imprnvcmenls cun 
be a sim:ple and economical way to 
aid the enhancement effort. If a 
stream can be made more 

/productive and a 'sufficient number 
of spawners either exist or can be 
introduced, then the population 
should herome self-perpet.unting. 

There are, however, 
problems associated with stream 
improvement work. The physical 
and ecolog'iral balances are highly 
complex and it can be ve1y diflicult 
to decide on appropriate 
alterations. It is essential that 
stream work be thoroughly 
evaluated by your community 
advisor, fishery officers, 
habitat biologists, and the 
provincial Fisheries Branch 
authorities before a._ything is 
done. 

Stream improvements may 
concentrate on pi·oducing het.ter 
conditions (or juvenile rea1ing, 
upstream migration or spawning. -

This Tipsheet will provide 
some inibrmat.ion on t~·pes of 
obstacles which interfere with 

. upstre~m migratfon and will 
provide some general tips on 
~eleclin(! appmpri:it.l' 
inq..>l"U\' ClllCll l~. 

Before work is 
undertaken, the hydraulics of 
the stream should be 
thoroughly cxa_mined. . 
Gradients, bottom composition, 
stream-bank and pool-rime 
relationships and avaifable 
cover are essential factors. 

Waterfalls and 
rapids 

The ability of salmonids to 
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Orsil'o/JI• - Fol/mg "'"'',. •nfrl's fhr 
pool of n.,,,.,,, o 90" onglr. A 
sfanding """' Ii•• clasr 10 Ill• 
wa1'1'fall, good position fol' fish 
fO us• ,,. UDWOl'd flll'USI tn l•t1Ping. 
Plung• ·pool drpfh is 1.2~ fim•• 
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pass these obstructions depends 
upon a complex combination of 
height, water velocity and the 
position of standing waves. The 
impact will vary also according to 
the species of salmonids, since 
they have difTe1ing swimming and 
leaping capabilities. If alterations 

· to s.uch natural obstructions are 
necessary, your community advisor 
will be able to pl'Ovide the 
essential information. 

· The work needed to 
improve fish passage may be as 
lit.t.lc as movin~ n few rod;:s 111· as 
wujur as blasting away large 
outcroppings of bedrock. A few 
approaches are outlined below: 

1. Widen the gap between 
rocks where the velocity of the 
flows is too high for fish by 
removing all or portions of 
boulders. Use pry bars,- slings and 
winches or rock-splitting tools. The 
rock removed in the process may 
be useful elsewhe1·e as riprap or as 
shelter for juveniles. 

2. Rearl'ange the boulders 
in very swift rapids to create a 
series of step-like pools; the fish 

. •, ''! 

' '., '" 

...... 

will then be able to jump from one 
pool to the next. The same tools are 
needed as for widening gaps. 

3. Deepen the plunge pool' 
under a waterfall so that the 
standing wa\·e will be nearer to the 
foils. and of' ~rcatcr aid to leaping 
fish. Depending upon individual 
circumstanrei:;, t.hi!'l might he done 
be mnkin~ I he pool iti:;clf' dl•epcr. or 
h~· lowerin~ t.hc t.op of' t.11(.' fal Ii:;. The 
most desirable configuration is one 
where the water enters the pool at 
an angle of !-JO degrees and where 
th~· pl1111gt• pool is U~!i Limes the 
height of the faJls. 

Dams 
Often, streams are 

obstructed by dams, either man­
made or the work of beavcri:;. The 
net result of both is the same; 
water flows a.re rest1icted and 
ponds exist behind the dam. 
Upstream migration may be 
partially or totally blocked. 

Dams may produce benefits 
as well as problems. They ma~· 
control 11 uctuulin~ runoffs and the 
ponds they provide are used often 
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'by juvenile ~almonids as rearing 
areas. 

Small dams may be broken 
up and removed with rock chisels, 
rock drills and sledgehammers. 
Careful planning is needed 
regarding the impact of released 
water on the stream below the 
dam. 'Ibe time of year for such 
work should be chosen with care 
and it may be necessary to remove· 
the dam in stages to prevent 
flooding and scouring of the 
stream. 

If a dam is too large for 
removal with hand tools, it may be 
necessary to call in a professional 
blaster. Again, care should be 
taken to minimize the damage 
caused to the bank while hauling 
material from the stream. 

Beaver dams present a 
problem not associated with man-

1 made dams; the beaver will 
i· probably repair the dam as soon as 

you take it down. If a beaver dam 
is obstructing upstream migrations 
the best solution may be to tear 
away a section of the top every day 
or two to lower the dam and let 
fish pass. Be sure you undercut the 
dam to create a verticaljump and 
place a polyurethane apron over 
the area to create a smooth 
surface. Sticks and twigs can trap 
fish trying to ascend if no 
protection is provided. Passage 
only needs to be provided during 
the spawning season. 

Another alternative may be 
to run a ·culvert through the dam 
to provide a fish passage. 

If a beaver dam must be 
removed completely, there are 
several factors to remember: 

• Be sure you remove all 
elements, including the anchor. 
sticks embedded in the stream 
bottom. 

• Heavy siltation may 
occur downstream; check with your 
community advisor on when and 
how to carry out the removal. 
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• A permanent solution 
may include trapping and 

removing the beaver; if so, you 
must obtain approval from the 
Wildlife Branch for the project. 

Fishways 
Fishways allow fish to 

bypass otherwise impassable 
barriers. It is essential that any 
planned fishway be studied to be 
sure. it is not also creating an 
opportunity for predators and/or 
poachers. Signs, covers and fences 
may be needed. 

Fishways vary from simple 
stepped pools to elaborate concrete. 
structures. Thol!le most often 
undertaken by volunteer groups 
are short and simple in design (see 
illustration). Some characteristics 
apply to all fishway projects: 

• Consider the species of 
salmo.nid which will be using the 
installations; each has its own 
swimming capabilities. 

• Be sure that the 
fishway will carry adequate water 
flows during the migration season, 
in low ~s well as high-water years. 

• Locate the fishway 
entrance as close as possible to the 
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area where fish congregate below 
the obstruction. Be sure that the 
flow through the fishway is 
sufficient to attract fish to it. 

• Minimize direction ~ 
changes for fish swimming through LJ 
areas of high water velocity. 

• Flow patterns must be ~ 
stable, not subject to surges; the LJ 
energy of the moving water should 
be completely dissipated at each 
pool, not can;ed from pool to pool. 

• Locate upstream exits 
so that there is no danger that 
emerging fish will be carried back 
over the area to be bypassed. 

Logjams. LJ 
Logjams can affeet streams 

and fish populations by-obstructing 
fish passage or by causing water to ~ 
back up during high flows. Some LJ 
types oflogjams, however, are not 
a hazard; they even may be an 
advantage. If there is ample · 
clearance for both water and fish 
beneath the logs, their presence ~ 
may provide t'Over for adults in low LJ 
water and for juveniles. 

If removal is indicated, the 
size of the logs and of the overall ~ 
jain will determine the l:,est LJ 
methods. Sometimes, sawing the 
logs into sections to haul out by 
hand is the answer. For a major 
jam, especially one involving large 
logs, you may need t.D use logging 
machinery. Heavy equipment 
must be operated by 
experienced individuals. 

LJ 

LJ Whether using heavy 
equipment or hand tools, try to 
confine hauling activity to the most 
stable area of the bank. This will 
prevent erosion problems later. 
Special care should be taken in 
removing logs which restrain 
muddy deposits on the bank - you 
could release silt which would 
settle on spawning beds 
downstream. Your community ~ 
advisor can help you determine the LJ 
best methods for such work. 

LJ 
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Management and People 

Set volunteers on fire, 
just don't burn them out 

Cummunity advisor Joe 
Kambeitz, provided this Tipsheet 
on the care and feeding of 
volunteers - the lifeblood ofevery 
Public Involvement project. 

Working for almost a 
decade with volunteers has given 
me an appreciation for their 
special qualities; their spirit and 
drive. On many projects, I've seen 
beginnings and endings and 
everything in between. Within the 
ebb and flow of these projects, one 
gets glimpses of what influences 
enthusiasm; what makes it endure 
and what stifles it. 

How you are treated as a 
volunteer and, of course, how you 
treat other volunte~rs makes a real 
difference to your project; how it 
will grow, how many people will 
share the work (and satisfaction) 
and, ultimately, how successful it 
will be. 

Elements· of 
success 

L Leadership: if you 
are given the opportunity to guide 
other volunteers, to be the "old 
hand" ~o to ~penk, it.'~ imp011ant. to 
know the difference between being 
a leader and being a boss. Our 
work places, financial institutions 
and govemments can supply a 
lifetime of orders and regulations. 

. Volunteers need leadership, not 
more orders. This is an important 
point that should riever be 
overlooked in our volunteer 
relationships. 

(Note: Joe's point is 
supported by numerous sw·veys in 
the workplace which have shown 
that leadini:. not ordering, is more 
effective there, too.). 

2. Sharing the load: 
when you become a veteran of 
several years on a project, and 
understand what makes it tick, for 
goodness sake share your 
experience. Ne:w, and initially 
eager volunteers can easily be· 
soured by individuals or cliques 
who are "in the know" and just 
won't share information. 

When someone volunteers 
what little time they have, it's not 
much fun to be lefl on the outside, 
looking in. They need to be 
included. Helping them to 
understand the things they need to 

· know really is better than doing 
the job yourself.- Don't fall into the 
trap of thinking that you don't 

, have time for training - that the 
job must be done right and it will 
be faster to just do it yourself. 
Commit yourself to taking on an 
apprentice, or several. That way, 
the load is shared and more people 
are involved in meaningful ways. 

When that happens, your 
project and your volunteer base 
will grow. 

(Note: Thomas J. Watson, 
Jr. oflBM once said, "I want to 
begin with what I think is most 
important: our respect for the 
individual. This is a simple 
concept, but at IBM it occupies a 
major portion of management 
time.") 

3~ Giving credit: the 
grandaddys of Public Involvement 
projects, those that flourished, are 
the projects that give credit to 
everyone for a job well done. 
Leaders or followers, whether they 
diive nails, pick eggs or beg 
donations; they all like to be 
recognized for their efforts. So try 
giving a round of applause for the 
pe1:so.n who provides the coffee and 

muJlins for your mcetinfols. 
Encourage youngsters for their 
efforts. Salute seniors for their 
expertise. Each will return again 
and again. 

This credit and 
appreciation should extend -
enthusiastically - to donors and 
supporters outside your 
organization .. Invite them to yow· 
meetings, put their names on signs 
or plaques, write a story for the · 
local newspaper to recognize their 
help. See that someone they would 
like to impress know~ what the~· 
did for you. Step aside for a 
moment to let the spotlight shine 
on them. You will certainly see a 
ten-fold return for your effort. 

Oo it because it's right. Oo 
it, too, because you are not just 
working for toduy, Next yeur that 
backhoe. time. lumber, concrete or 
free welding will be needed a~ain. 
Insure yow·self by giving credit. 

(Note: Joe has documented 
support for this point ofvie\,·. The 
book In Search of Excellence 
makes the following observation, 
"The volume of contrived 
opportunities for showerimr pins, 
buttons, bad~es, and medal~ on 
people is sta~gering at McDonald's, 
Tupperware, I AM or many of the 
ol.hcr t.op J.>l~rlill"mc•r!I. "'J 

4. Social aspccl'i: we 
form groups for all manner of 
reasons; to get a playg-round built 
or participate in a sport or enhance 
Hulmonids. The ullruction tlrnt 
_holds us together in these groups is 
our common goal. But we are also 
social animals and seeing- one · 
another only while working can be 
pretty boring. It allows us a one­
sided view of our fellow volunteers. 
So, take the time (or make the 
time) for social occasions. A shared 
supper allows time for talk of 
plans, exchange of views and ideas; 
it allows time for friendships and 
relationships to form. 

Social events are the times 
when faniilies turn out and wives, 
husbands and children are 
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introduced to the "wirucle project" 
and to the "fellow crazies" who 
share·the dream. The 
understanding and bonding that 
follows is the lasting cement 'that 
holds a group together for the long 
haul. It's also possible that some of 
the "outsiders" will catch the spirit 
and get involved along with you. 

Try an "After-the-log-jam­
removal" hot dog roast, or an "All­
the-eggs-are-in" pot luck supper 
and see what happens. 

A successful' project is more 
then just having your fish survive; 
your volunteers must also survive. 
Neglect the human element arid 
your project will be sterile, 
impersonal (and unpaid) drudgery. 
No oiie wants that. All the people 
who work on your project must feel 
involved, wanted, successful and 
that they have something 
worthwhile to contribute. Ow· 
common goal is to help salmonids, 
yes, but let's not forget about 
ow·selves in the process. 

- Joe Kambeitz 
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The volunteer 
life-cycle 

Most organizations that 
deal with volunteers know that 
they pass through stages, 

_beginning with enthusiasm, 
moving through learning plus 
commitment to knowledge and 
dedication. Near the latter stage, 
however, there is a real danger of 
~um-out," a loss of interest and 
energy that can cause the best 
qualified of your volunteers to drop 
out of the project. Some of the ways 
to avoid this have been suggested 
by various experts in human 
behaviour. -

Initially, volunteers are 
motivated by the goal, but if you 
want to keep them, be sure there is 
something in it for them, too. 

1. The motivation can be a 
chance to leam new skills - so 
don't keep the same people at the 

· same old task just because they 
have learned to do it; shift them 
around. Variety, as we all know, is 
the spice of life. 

2. Motivation may be a 
chance to do something they don't 
do at work - so don't just assume 
that the accountant in the group 
wants Lo take over the books. 
Match people to their interests as 
well as to their known skills. 

3. People get tired if they 
ure usked (or forced by 
circumstances) to do an unfair 
shai·e - so keep the group large 
and get lots of workers to carry a 
bit of the load. Be especially 
careful of the "Tom's always 
willing" scenario - if you keep 
leaning on Tom, he'll break. 

4. Don't overlook the skill 
and willingness of the "silent 
majority." Many people are 
hesitant to-volunteer - but will 
accept a job that's offered. They 
gain a sense of involvement and 
help spread the load, too. 

5. Recognition is a 
· motivator - for the people '"behind 

the scenes" as much as for the -
"stars." At an International 
Association of Business 
Communicators conference a few 
years ago, one speaker pointed out ~ 
that, from time to time, everyone LJ 
needs a standing ovation; 
"Whenever you need one, just say !"I 
so; and we'll all give it," she told LJ 
her audience. It was probably the 
best-remembered st.atem.ent from 
the entire three days - because it 
is so true! 

6. Don't wait for someone 
Lo burn out. Ollcl' them a 
"sabbatical" instead; but, if they 
take a month or more off, 

LJ 

u 
remember to keep them on your 191 
phone call and mailing lists or they LJ 
may think you don't care if the~· 
ever return~ · 
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Dollars make 
the difference 

Sooner or lat.er (usually 
sooner) any project finds its 
ambitions exceed its cWTent 
resources. when that happens, 
fundraising becomes a priority. 
Don.aid Lowen, SEP's education 
coordinator for southern 
Vancouver Island, prepared'this 
Tipsheet to help you get started 
(or keep goingO. 

Choosing a 
fundraising event 

When you are considering 
various fundraising events, keep 
yow· group's needs and desires in 
mind. Ask yourself these 
questions: 

L Can this type of event 
meet the group's needs (financial, 
social, etc.)? 

2. Am I excited about 
doing this project? 

3. Will other people in 
.the group be enthusiastic about it? 

4. Do the mem.bers have 
the time, skills and special talents 

. needed to bring it all off! 
5. Does the group have 

the resources (time, number of 
people, capital t.o invest) needed for 
t.he project.? · 

If you've answered "yes" to 
all these quest.ions, then consider 
your audience und whet.her or not 
it will "buy" the event you have in 
mind. 

In addition to helping a 
worthy cause, a fundraising event 
should be something special, 
something that can stand on its 
own, something people want. 

With special event 
fundraising, you _promote your 
project and its objectives, but you 
must promote the event even more. 

Management and People 
For example, if you decide to hold a 
salmon bake, the first emphasis 
should be on the merchandise -
its quality, uniqueness, price, 
freshness. Your secondary 
emphasis should be on the cause. 
Your organization's name or 
activities may draw people to your 
event, but the main reason they'll 
come is to buy a great meal. 

Ethics and 
fund raising 

Give some thought to 
ethical considel'.ations wnen 
choosing and planning a special 
event. Your group has a reputation 
worthy of pl"Ot.ection. 

Keep fundraising costs 
to a minimum: Special everits can 
be costly operations - aim to get 
most of the services and supplies 
donated. 

Community standards 
must be respected: Avoid 
anything that smacks of sexism, 
racism or age-ism. Bachelor 
auctions, beer-drinking and food­
eating contests, wild-west shows 
and circuses may not be for 
everybody. 

Alcohol is a problem 
area: Aside fl"Om the ethics of 
encouraging people to drink, 
lawsuits have shown that the 
organization serving the drinks is 
responsible if a drunk driver is 
Involved in an accident. If drinks 
are served, stress moderation. 

Gambling presents' 
cause for concern: Many 
religions prohibit it; people 
criticize lotteries and bingos as a 
tax on the poor. Consider carefully 
before involving your group in any 
gambling activities - including 
raffles, casinos and 50-50 draws. 
Check local, provincial and federal 
laws, too. 

; . . . . . 

Low overhead 
equals high profit 

Often, ticket sales do not 
produce a great deal of money; the 
income (or profit> results from the 
savings you realize when donors 
provide free goods and services. 

The best way to increase 
event income is to lower costs by 
getting in-kind donations. 

Almost anything you might 
pay for also can be had for free. For 
example: 

S Foods - several 
restaurants may give one dish each. 
to a gourmet dinner. Look for 
restaurants that. are new or about 
to open. Hagel shops, bakeries and 
deli's are often happy to give their 
day-old goods to charity. Soft drink 
bot.Llers can do;;ale cases of pup. 

$ Printing - Look for 
businesses that own an in-house 
plinting plant. Chain stores, major 
corporations, schools and 
newspapers will often help. Jf you 
have to buy your p1inting, allow 
extra time so that your job can be 
run when the press isn't busy - it 
might be cheaper. 

S Promotion - radio 
and TV stations, newspapers and 

· local magazines can help promote 
your event at no charge. P8As, 
community bulletin boards and 
even "co-presentations" are 
possible. 

$ Raffle and door 
prizes - hotel rooms (especially 
01T-11eason), restaurant dinners, 
and lust )'Cttr's coflcc Lubic hooks 
are all popular prize items and are 
relatively easy to get donated. · 

S Give as well a." take 
- make sure your thanks to all 
sponsors are conspicuous. Keep the 
worth of donations in perspective. 
Time is valuable - don't spend all 
day trying to get "free" goods worth 
$25! 
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Measuring 
success 

Any fundraising activity 
should have a financial .goal. 
-Obviously, one measure of success 
is whet.her or not. you met t.his goal. 
But making a profit is not the only 
important consideration:. 

Was the event 
erl,ioyable? It's almost a rule of 
thumb that the best fundraising 
events are those in which the 
participants come away feeling 
that they got something for their 
money. Did they have fun? Were 
they entertained? Did they buy 
something they will cherish? Enjoy 
the satisfaction of helping a wo1·t.hy 
cause? Feel appreciated? Would 
they do it. again next year? 

Did the volunteers enjoy 
themselves? The success or 
failw·e of a benefit event is 
determined by the dedication, 
enthusiasm, and energy of the 
volunteer workers who plan and 
organize it and who do the work. 
The event must be a happy one for 
both guests and workers. Some 
elements which contribute to 
volunteer satisfaction include: 

' $ -plan as a waup: let 
everyone participate in the process, 

$ allow wo1·kers to 
choose the tasks that fit their 
interests and talents; make it fun; 
include a ~ucial aspect in the 
planning meetings, 

- $ share the public credit 
for the effort. that. goes into the 
event. 
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More than _money 
, (from Ken Wyman's A 

Guidebook for Fund.raising for 
Disabled Person's Groups) 

Good f undraising prov ides -
an opportunity to gain more than 
just funds. In fact, if money is all 
an event raises, it may not truly be 
a success in the lo_ng term. Here 
are opportunities in three 
categories. Try to build as many as 
possible into any campaign. 

L Cold cash (once you spend it, 
it's gone) 
•cash· 
•cheques 
• pledges 
• money orders 
• post-dated cheques 
• donations of goods or services 

2. Wam1 fuzzies (good feelings 
that can open doors) 
•image 
• publicity 
•education 
• credibility 
• motivation 
• cont~ct with people 
• increased commitment 
• good comm unity relations 

a. Hot flashes (help to raise more 
in the long run) 
•training 
• leadership 
• new volunteers 
• re-invigorated volunteers 
• repeat-ability of good ideas 
• no.mes and addresses (new 
donors, diversified sources of 
funding) 

Things to 
remember 

Repeat special e'vents 
annually. The first time is for 
leaming from yow· mistakes, Lht! 
second for making money. 

Always collect the names 
and addresses of those-attending. 
How? Try·ha,·ing a door prize 
where all guests must fill in a 
coupon. 

Always ~ve guests an 
opportunity to donate. 

Never aim to break even. 
Have early bird draws to 

encouraJ?e ticket sales, both for 
sellers and for huyers. 

_ Never sell tickets only al 
the door. inclement weather on the 
day-could kill your income (and 
you'll have expenses anywa.v! ). 

Offer a three-tiered price 
strategy - regular, low-income 
CincludinJ? students and "golden 
agers"), and "supporter" Cat do~ble 

D 

LJ 

LJ 

LJ 

LJ 

CJ 

LJ 
or triple the regular p1ice ). ~ 

Attractive display tables LJ 
sell. Display your merchandise. 
etc. in an or.iranized and at tractive 
manner. One priced sample of each ~ 
item i$ all that is required on the LJ 
table. 

Walch youa· costs! 

Thanks to Ken Wymun and 
to Uavid Southern and the 
Canadian Section of Amnesty 
lnt.ernationu.I, who provided 
material for this Tipsheel. 

LJ 

LJ 
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LJ Public 

[j relations 
We can clean up streams, 

LJ 
incubate eggs, raise fish and 

. undertake all kinds of 
enhancement projects but, in the 
final analysis, if our neighbours 

LJ 
don't know about and support our 
objectives, they may all come to 
naught. Unless we have public 

D 
understanding and support, our 
streams may be polluted, re-routed 
or captured in culverts. Local 

LJ 
governments may permit clearing 
of stream.bank vegetation. 
Children (and adults) may damage 
our incubation boxes, disturb redds 

[j or harass returning spawners. 
Like any other organization, an 
enhancement project seek to . 

LJ 
establish good relations with its 
community and to gain public 
understanding and support. 

LJ 
Newspaper, radio and 

television stories indicates that 
many PIP and CEDP projects are 
highly skilled in this area. For 

D those projects which are not 
experienced in this area, but would 
like to gain more publicity, this 

D 
Tipsheet offers some basic public 
relations information. 

D Get to know your 
media 

D The first step in any 
publicity campaign should be to 
become familiar with the media 

[j outlets in your area. Make a list of 
newspapers, television and radio 
stations. Try to identify all ofthem 

D 
- large and small. Consider 
business publications, too -
companies in your community may 

D 
publish employee or customer 
newsletters and could be interested 
in your project, especially if an 
~mployee (or employee's family) is 

LJ 
involved. 

Management and People 
Remember that your story 

can reach the same number of 
people thl"Ough ten papers that 
have 1,000 readers each as 
"through one that has 10,000 

· readers - but the small papers 
may be more interested in you. The 
same goes for community 
television. 

Finding the names and 
addresses of all the outlets is only 
the first step. Research what kind 

· of audience each has and what 
their content is like. You might get 
a fashion news magazine to use 
your mini hatchery as .a backdrop 
for a photo spread, but it won't be 
easy! Concentrate your efforts on 
outlets that already cover things 
that apply - volunteerism, 
environmental issues, school 
activities or the outdoors. 

Once the most likely 
outlets have been identified, find 
out who you should target 
information to at each one. It may 
be the editor, radio or television 
news director or an individual 
writer or reporter. Free-lance 
writers, who sell their work to a 
variety of outlets, are also worth 
locating - they may be able to 

·"plant" a story where you could 
not. Make an effort to personally 
meet with editors, news directors 
and/or reporters ~ especially any 
who regularly report on activities 
similar to yours. 

Don't be shy 
It is easy to self-censor, 

thinking "that publication would 
never be interested in our little 
story," but you could be missing a 
good bet. Look at all the pages in a 
paper or magazine; think of the 
number of minutes of air time in a 
day's television or radio schedule. 
Then imagine what it is like to 
have to fill all that time or space. 
Information is raw material for the 
media - without it, they are out of 
business. Obviously, not every 
outlet will want your story - but 
offer it and let them decide. 

Don't be pu_shy 
The other side of the coin is 

that media people are busy and 
they get swamped with pre.ss 
releases, tips and requests. Offer 
information, but don't make the 
same approach over and over - if 
you get a reputation for pestering, 
you may get an automatic rejection 
even when you have a story that 
they normally would want. 

Do be professional 
Most successful relations 

with the media are built by taking 
a professional ~pproach. Know the 
various media, be aware of story 
ideas that will work for each, then 
present appropriate information in 
a professional way. Don't waste 
people's, time - do type all media 
releases, do provide accurate, 
useful information. 
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in length. If the information that 
you want to convey really is too 
much for that, split it. Do a short 
release (essentials) and add a 
"backgrounder" on an attached 
sheet(sJ giving the details. · 

Style counts,· too. A release 
must be well-written; it will be 
read by some0ne who is a . 
professional writer and has a low 
tolerance for ~pelling errors, poor 
grammar and bad style. It is not, 
however, a literary effort. Avoid · 
purple prose, poetic flights offancy 
and exaggeration. Keep it clean, 
clear and simple. Get a second 
person to proof read it before you 
send it out. Few people are good at 
proof reading their own work. It's 
too easy to "read" what you meant 
instead of what you actually wrote. 

Provide a contact. Media 
spokespersons say that one of the· 
most significant oversights made 
in sending out releases is to forget 
to put a name and phone number 
at the bottom of the page so that a 
reporter can get more information. 
Equally frustrating; a release that 
has the name and number of . 
someone who's never there! 
Reporters have deadlines. Respect 
their time constraints by making it 
easy for them to reach your 
spokesperson. List two or more 
contacts if necessary (just be sure 
they lmow that you are listing 
them, so they will be ready with 
answers if they get a call!) 

Account for 
deadlines 

Various outlets have 
different deadlines. A radio news 
department may be able to get 
. your information on-air within the 
hour, but a magazine sets its line­
up weeks or even months in 
advance. In between are a number 
of different deadline/lead time 
possibilities. Television stations 
have to book their camera crews 
and will want (except for hot news) 
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at least 24 hours notice. Weekly 
papers will have deadlines a day or 
two prior to publication date. 

Learn· what deadlines 
apply tO outlets you ·may deal with 
and respect them. Whenever 
possible, give people more advance 
notice than they need - they will 
appreciate your consideration for 
the realities of their job. 

Phone ... fax ... 
mail? 

Getting the word to a 
media outlet can be done by 
mailing a release, faxing it and/or 
phoning the appropriate person. If 
you are using mail or fax, be sure 
you address the release to an 
individual, by name. A release that 
is just sent to "the editor" or "the 
news director" may not reach the 
person who is most likely to see the 
possibilities in your story. 

If you have an idea that" 
has real merit, and if time is short, 
a phone call is appropriate. Be sure 
you have your facts straight before 
you place the call so you can 
convey the information in a 
professional, ·efficient manner. 
Common sense (and courtesy) 
indicate that you should avoid 
placing a phone query when the 
paper is about to go to press or the 
show to air - no one has time then 
for anything but the job at hand. 

Tailor ,for the outlet 
Although yOU may be 

sending one basic release to 
several outlets, try to offer each a 
suitable slant or angle. If, for 
example, you have a class of 
students coming to your project to 
release fry, offer each outlet (by 
note or phone call) specific aspects 
of the event. Each gets an 
"exclusive" (and you -avoid every­
one wanting to interview the same 
person at the same time,) 

D 

Become an expert . ~ 
One way to raise public LJ 

awareness of your project, is for 
someone in your group tD become D 
an expert - one of those the media· 
tum to for comment when there is 
a fish-related issue to comment on. ~ 

An articulate, well- LJ 
informed expert finds publicity 
opportunitjes come to them. There 
are same provisos, however. Be 

. sure you don't_get trapped into 
commenting on a topic or situation 
you don't know enough about. 
Someone will read or hear what 
you said and respond - you can 
end up leaving a bad impression of 
yourself and your group. Be fair -
never give in to the temptation to 
disseminate dubious information 
or paint a picture that unduly 
favours you or your cause. You will 
lose all credibility if you do. Offer 
information of real value ~ 
answers rather than accusations, 
perspectives that others may have 
missed, how your group's work fits 
into a larger picture. Learn to 
answer questions clearly, but 
briefly ~ if you ramble on, the · 
media will stop calling you. 

Keep your · 
perspective 

If there is a controversy in 
the commlinity, some members of 
the media may try to push you into 
a confrontational stance. Stay with 
the facts and keep yo\ir cool. Words 
uttered in anger can lead to libel 
court and, in general, they don't 
look good in cold type. As for 
getting dragged into a shouting 
match in.front of the television 
camera - in most cases, it makes 
everyone involved look bad. When 
the topic is touchy, make your 
mind up in advance about what to 
say. Then say it, and say no more. 

D 
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LJ River safety 

LJ River· anatomy 

~ 
Within a river, there are 

numerous currents, each with 
varyfng .speeds and directions. 
Currents are largely influenced by 

LJ 
water speed and obstacles. Faster, 
deeper water is generally fo~d in 
the middle of a channel, while . 

LJ 
slower CWTents tend 00 be located 
nearer the banks. Due oo the. 
presence of rocks and boulders, the 

~ 
water is slower along the shoreline. 

Water flows more slowly 
along the bottom of a river because-
of the obstacles encountered there 

~ as "'.ell. Deeper water is generally 
darker than shallow water but, 
depending on its location, may or 

LJ 
may not be swifter flowing. For 
example, water on the outside of a 
comer (bend) in the stream is 

LJ 
always deeper and faster moving 
than on the inside. In co_mparison, 
while a deep pool may be very 
dark, its CWTent may be negligible. 

LJ 
Ccurrents reshape the 

iiver's banks and bed. Faster 
water on the outside of a curve 

LJ 
erodes the banks, exposing large 
boulden and roots, while sand and 
gravel are deposited by the slower 

LJ 
water along the inside of the bend. 

Obstacles both slow the 
speed of moving water and redirect 
its flow. An obstacle can be any 

LJ 
size, from a point of land to a 
single boulder. Each will influence 
the current in its own unique way. 

LJ 
A boulder on the river bott.Om 
forces water around and over it, 
creating a wave on the surface. 

LJ Standing waves 
The size and shape of a 

LJ 
suif ace wave depends on the 
speed and depth of the water as 
well as the size and location of the 

~ 
. rock. Generally, the deeper the 

water, the smoother the wave: 
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Tall, smooth waves down the 
center of a channel are called 
standing waves or "haystacks." 

Diagonal waves 
If a wave originates near 

the bank and extends toward the 
main current, it is called a 
diagonal wave. Diagonal waves 
coming from both shores create a 
~with the tip pointing 
downstream. These downstream 
Vs are usually composed of deeper, 

_ darker water and are usually the 
safe route for travel by boat. 

Piiiow· waves 
If an obstacle is close to the 

surface and the water "bulges" over 
the top without showing any white, 
the wave is called a pillow. Avoid 
boating over these because the 
water depth can be very deceiving. 

White, frothing water on 
the downstream side of a boulder 
indicates a large object, a large 
drrip, or shallow water. Depending 
on the depth and speed of the 
water and the siz~ of the .object, 

- -

water must flow upi;tream. Water 
moving opposite to the main 
current is called an eddy. · 

Eddies can be found near 
shore where a point of land 
protrudes into the current, on the 
inside of bends or where water 
drops over a boulder to fill in a 
cavity behind it. These last eddies 
are called vertical eddies or 
keepers, and can be extremely 
dangerous because the current is 
flowing in a circular direction, from · 
the river's sw-f ace to its bottom. 
This current can hold objects 
underwater for long periods of 
time. Hence a potentially deadly -
situation exists in what otherwise 
may seem to be an innocent 
looking wave. 

Sweepers 
Trees fall into rivers and 

can pose a serious hazard to people 
working in or around moving water 
because the cu1Tent flows through 
rather than around the branches. 
A boat may be dragged to the tree, 
but can't go through it as the water 
can. If a tree is lying in the river 

with its root.q or base in 
contact with the flhorc, it 
is called. a "sweeper." If a 
boat is forced inoo a 
sweeper, the operator 

~ii:;::::;...~~~"'-~~~·~ mustmake 

these waves are called "drops," 
"holes," or "keepers." It is good 
practice oo avoid such waves. 

-Vertical eddies 
Obstacles in the current 

create cavities on their down· 
stream sides. The laws of nature 
do not allow a vacuum, so water 
must move inoo these voids. To fill 
the space behind an obstacle, 

every effort to 
keep the boat 
parallel with 
the current. 
If the boat is 
pushed 
broadside 
into a 
sweeper (or 
any other 

object> the occupants must lean 
into the obstacle and present the 
bottom of their boat to the 
cu1Tent. This minimizes the danger 
of a capsize. 
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River crossing 
Crossing a river.can be safe 

and uneventful if done with prepa­
ration and care. Look for slow or 
shallow water. In a slower cun·ent, 
the bottom will be composed of 
smaller rocks which give better 
footing. Also note down-stream 
hazards. When the stream 
narrows, shortly after a shallows, 
there is likely t.o be deeper, faster 
water. If there is a pool 
downstream, there is probably a 
drop-off. These are very abrupt and 
tend to be unstable. Only when a 
safe location has been found can a 
crossing be attempted. Wear 
proper footgear. If hip or chest 
waders are worn, ensw·e that 
nothing impedes swift removal. 
People have drowned due to the 
weight of water in their waders. 

llefore crossing, study the 
downstream area and have a 
contingency plan in case of mishap. 
Cross individually; watch each 
person cross until the other shore 
is reached. A strong staff about five 
feet long should be selected and 
used for support. While crossing, 
face downstream, staff in front, 
placed firmly on the river bed. 

When moving across the 
cun·ent, kct'p two firm poinls of 
contact with the river bottom. lf 
standing still, knees should be 
slightly bent while leaning a little 
against the current. This way, one 
is in a position to sit back in the 
event of slipping. If footing is lost 
and one sits back, both feet will be 
in position to heel into the bott.om 
in an attempt to regain footing or, 
if carried along, t.o fend off 

. downstream rocks. 

River rescue 
The most expedient shore 

rescue·involves the throw-bag. 
A throw-bag consists of a 

length of floating rope stuffed int.o. 
a brightly colow·ed nylon bag. One 
end of lhe rope is connected Lo lhe . 
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bag while the other remains free. 
The rescuer holds the rope's free 
end while throwing the bag to the 
victim. This is a very· useful rescue 
tool, but it takes practice. Make 
sure everyone in the party knows 
how to use it before starting out. 

Before attempting a throw, 
the rescuer should establish a 
position on shore that allows ample 
room t.o move downstream. Holds 
the rope's free end in the non· 
throwing hand. Open the bag and 
fill it with water t.o increase its 
weight so it can be thrown farther. 
Hold the bag at its opening while 
maintaining a solid stance. Swing 
the bag with an underhand motion · 
once or twice and toss to a position 

· beyond, and slightly upstream 
from, the victim. When the rope 
can be reached, the victim pulls 
the bag within reach and takes 
hold of the grab loop. 

The rescuer pulls in any 
slack rope, then resists the current 
t.o "pendulum" the victim t.o shore 
with the rope acting as the 
pendulum arc. Usually, the rescuer 
will.have to move downstream 
along th~ shoreline in order t.o 
avoid losing the victim, the line, or 
both, t.o the current. 

As the rescuer slows the 
victim's downstream pmgrcKs, the 
·current will push the person 
t.oward the shore. This rescue may 

Throw-bag 

Floating disc 
inside bog 

---------

requ. ire the assistance of one or twc.LJ 
others if the current is very fast. 

If the rescuer is not able to 
move along the shore, the retrieved 
slack rope can be belayed in order 1-i 
to provide a similar effect. In lJ 
either case, the victim should 
prepare for the rescue by sitting l"'I 
back and facing downstream. This LJ 
allows the victim to breath while · 
·the weterrushes pest. 

Victims can offer 1-i 
assistance by kicking toward LJ 
shore. They should watch for rocks 
or other hazards and push ~way ~ 
from them. Only when the victim LJ 
is fully out of danger or in ankle 
deep water should the rescue line l"'I 
be released. Immediately upon LJ 
retrieval, the rope should be 
stuffed into the throw-bag, starting 
at the bag end and working toward ~ 
the free end. Never cuil the nipc; - LJ 
this method takes too long and the 
1:ope is mo1·e likely to tangle. Once 1"'1 
re-stuffed, the throw-bag is ready LJ 
for future use. · 

Although every situation is 1-i 
different, the key point when LJ 
working around rivers is to think 
ahead and plan for safety. Those l"'I 
who want more information, or are · LJ 
interested in courses about moving 
water can contact their local 
provincial white waler UMModatiun. ~ 

- Ame Hetherington, LJ 
Kalamalka Jr. Secondary School. 

Brightly coloured 
/ bog of strong material 

LJ 

LJ 

Bright floating !"I 
rope LJ 
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Counting the 
returns 

Returning adult salmonids 
are frequently counted tO provide 
essential data on BW"Vival rates 
and t.O assist fisheries managers in 
planning future harvest nltes. For 
a small project, the data can ~ a 
valuable way to chart o stream's 
overall pnx:luctivity, meHure the 
project's success and evaluate and 
improve rearing. and release 
strategies. ·0n a la1~er scale, data 
complied from counts in many 
streams may provide the first clue 
w changes in ocean survival rates 
- a matter of gi·eat importance to 
fisheries managers. 

Counting fish is not easy, 
however, especially in coast.al 
st.ream~ made turbid by fall rains. 
The following advice from the 
fishe1ies crew operating a counting 
fence on Kanaka Creek can help 
you get the job done right. 

Methods 
The ideal way to colint 

0. returns is at a counting fence. It 
. · produces the most accurate data, 

and accuracy is the key. Of course, 

0 in high waler flows, some fish get 
, over the fence without. being 

counted, but with reasonable water 
levels it is possible to count each 

1"t and every fish that passes. 
LJ Other methods include: 

• Visual estimates: walk 
r-i the creek banks, wear polarized 
LJ sunglasses to cut suri'acc glare, 

and make an effort to count all the 

D fish you can. If the water is fairly 
clear and the bottom is clean 
gravel, this might give you a 

0
- reasonably accurate count. When 

Y<>u are dealing with turbid water 
arid a silted bottom, prot.ective 
colow·ation works against you and 

n 

Science and Research 
you may only be able to actually 
count about one third of the fish 
that are present. 

• Dead pitches: while this 
can be tough, cold, smelly work, it 
does offer a way to get an estimate. 
Remember, though, that in water 
with poor visibility you will 
certainly fail to see many 
carcasses, so you need expert 
advice on what conclusions you can 
draw. · 

• Beach seining: this will 
capture a fair number of fish in a 
pool, especially if the bottom is not 
too uneven. This method can be 
used in coajunction with Petersen 
tagging and mark recapture 
systems. 

• Electroshocking: this 
method works well in small creeks, 
but a fully-trained technician is 
required for the process. 

What information 
do you need? 

Gi..-en a good counting 
fence and cooperative water levels, 
it's not hard to get a simple head 
count; Such information is useful, 
but there is a great deal more that 
can be learned. Dependin~ on the 
location and natw-e of .)'Our project, 
you may need to answer a number 
of questions. Your best source of 
advice on how to set up your adult 
count and on whe1·e and how Lo 

curry it out is your L'Ommwuty 
advisor. The CA will know what 
information is most useful Lo you, 
but also what. may be valuable w 
other programs within the 
department. DFO staff may also be 
able to help you with specific 
information on how to go about the 
count. There are some basics that 
apply to most spawner counts and 
this Tipsheet will cover the most 
important of them. 

Have the right 
gear 

Whether you plan w count 
at a fence, walk the st1·cam for a 
visual assessment, or do a dead 
pitch, you need the right tools, 
clothing and eq~pment. · 

• Field book and 
mechanicaJ HB pencils. The 
field book must be waterproof for 
obvious reasons, and the 
mechanical pencil !!lolve!'I the 
pl'Ublem or how lo !!lhurpen a wet 
pencil with wet hands. A spare 
solves the problem of how to record 
data after your pencil vanishes 
into u deep muddy pool. 
(Waterproof pa per fo1· notebooks 
can be purchased fl'Um survey 
suppliers and forestry outfitters). 

• Scale books and 
tweezers. Scale books can be 
obtained from DFO: there urc t.wo 
dincnmt formnts, so he ~urc• lo ~ct 
the riJ?ht. one !Or the !'lampling ~'Ou. 
will be doin~. 

• Tape measure. Get. a 
~.plastic-coated tape fmelrie) 
for measw"in~ fish len~hs. 

• Knife and machete. 
You need the knife to cut. upcn 
dead foth if' you arc checkin~ for 
egg retention. The machete is 
needed to cut fish you have 
sampled in half - so local fishery 
officers cun identify your wm·k und 
you avoid sampling the same 
carcass twice. 

• Head an-d body haS(s. 
Heads from fish with mi1u;inJt 
adipose fins must be cut off and 
sent in to the Mark Recovery 
Pro'""8m so that the coded-wire tag 
can be recovered. Jo'reezer-quality 
Ziplock bags or head'bags from 
DFO are the only choices for 
sto1ing them. Be sure that you 
have each head clea1·ly labeled so 
that data from its tag can be 
matched up with scale sample 
data. 
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• Good ruin gear and 

boots. These are essential for your 
own safety and comfort. 

• A vest with many 
pockets or a small knapsack. 
Use this for carrying gear to leave 
your hands free for climbing, 
measuring and writing. 

• A first aid kit and air 
horn. These are absolutely 
necessary if you are working in the 
bush .. 

Procedures 
• Never try to work 

alone, even on a sturdy counting 
fence. Always work in teams of two 
or more. He sure that someone on 
each Cl1!W has CPH. and first aid 
training. 

• Even small creeks can 
rise quickly and exert amazing 
force. Lifelines should be rigged. 
Life vests may be necessary. A 
"rescue station" with a thermos of 
warm soup, dry clothes and o 
blanket is a must. 

• Plan the day's 
activities before you go out to the · 
site. AssiJm specific duties to each 
member of the group so that 
nothing will be missed and nothing 
duplicated. · 

. • If you are walking a 
length of the stream, as opposed 
to working at one site, be sure you 
alrt!l:tdy have a map showing your 
stream marked off in clearly 
identified reaches. Record all data 
for each 1·each separately. This is 
especially important. for follow-up 
work in suct"ccdin~ ycm1' l'lint"C it 
will reveul w1y cbw1gi.ng patterns· 
in where _the fish spawn. 

• Remember that you · 
are working in public - the 
work you are doing may seem 
routine to you, but the public can 
find it offensive. Be sensitive to 
this and keep things as clean and 
pleasant as possible. Be prepared 
to answer questions politely and 
with accuracy. . 

• Each ·crew member 
should have their own field 
book. This provides a backup 
record if one book gets misplaced 
or destroyed. It also means that 
you can compare entries ond note 
any questionable data before it is 
rec0rded in the Camp Master 
Record. 

• Never erase an entry 
in a field record book. Such data 
collection books are admissible as 
evidence in court - should the 
need arise - but only if they show 
no erasw-es. If an enur is mude, 
strike the entry neatly and re­
enter the data on another line. 

A page in a typical data 
rollection book might look like the 
illustration. 

Your project may also want 
to collect other data - there is no 
such thing as too much data, but 
·you have to know why you want it 
and how you can use it. 

Make sense· of It 
Field dat.a, t-a"Urded in field 

books, is a valuable 1·esource. Like 
many resow·ces, howeve1·, it is 
bulky and awkward in its 1·aw 
st.ale. You m.-cd lo pn>ecss 
it. to cxt1·oct 
what 

you really wont. 
A Camp Book or Ma~ter 

Record should be kept and each 
day's information logged in it. 

Keep it accurate 

0 
0 
D 

D 
• One person should make 

all entries to the _Master Record for 0 
the day - changing people can 
lead to confusion. 

• All secondary ret:ords 
should be com piled from the 
ori,Pnal field data - never copy 
from o copy. 

D. 

0 
Notebook legend: 
Mark LJ 

AD-Adipose 
L V - Lett ventral 
RV - Right ventral 
Rmax - Right maxillary 
Lmax - Left maxillqry 

Mark Quality 
1 - Fine. tight to body 
2 - About 1 /2 clip 
3 - Nick. or maybe natural 

damage 

Carcass Condition· 

0 
0 
0 
·o 

1 - Fresh. gills red 0 
2 -Moderately fresh. gills 

mottled 
3 - Soft. gills white o 
4 - Extremely 

decomposed 

0 

D 

0 
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Sampling of 
hatchery fry 

Periodic fry sampling is an 
essential aspect of any hatchery 
rearing program. 

This procedure involves· the 

Li
. capture of a representative sample 

. of fry from each rearing container 
to allow weight and/or length 
measurements to be taken. By 

ill! periodically sampling your 
LJ hatchery fry, you can monitor their 

growth. 
,,~ There are several ~ 
LJ reasons for monitoring growth of 

hatchery .fry. 

LJ Feeding rate 
As fish gl"ow, their feeding 

~ rate changes (see Tipsheet on 
LJ Feeding and Ponding). It is 

therefore necessary to monitor the 
·~. growth ofhat.chery fry in order to 
Li update feeding rates. 

rate· LJ 
Food conversion 

,-, Simply st.at.eel, food 
U conversion rate means how many 

kilograms of food do yow· fish have 

D 
lo cul. Lo ~uin one kilogram in body 

·. weight. Th. . . . 
1s 1s a very important 

measul"e of success for yoUl" rearing 
'C' program. The food conversion rate 

d. 
of your fry from one sampling date 

. io the next can be calculated .using 
the following equation: 

food 
conversion = weight gain(kg) .'. 
rate food (kg) .\ 

Science and Research 
A food conversion rate of 

1.0 is the theoretical maximum (l 
kg of weight gain for every kg of 
food). If the food conversion rate is 
greater than 2.5 the fry are not 
feeding efficiently, and you should 
review your rearing procedures 
with your community advisor. 

Condition 
Coefficient 

An important indicator of 
· the health or "condition" of 

salmonid fry is the ratio of their 
weight to their length, also called 
their condition coefficient. 

If length measurements 
are taken when weights are taken, 
then the condition coefficient c8n 
be calculated from the following 
formula: 

condition = 
coefficient 

weight (grams) 
length (mm) 

x 10~ 

Types of sampling 
There are two basic 

methods for conducting weight 
sampling. These are bulk weight 
sampling (sometimes called wet 
weight) and individual weight 
sampling. · 

Bulk weight. sampling is 
used to obtain as estimate of 
average fry weight.. Conducting 
this on a weekly basis should he· 
adequate for monitoring growth 
and for updating feeding rates. If a 
scale oct"uratc lo .01 erami:: ii:: 
available, you can take individual 
weight measurements. . 

Len1rth sampling can he 
undertaken when doing either bulk 
weight sampling or individual 
weight samplin,E. 

In t.he first case, an 
uvc1·u~c~L"C>11ditiun L'OCllicicnt for 

t.he ent.fre sample can be 
calculated, while in the latter 

\ case, individual condition 
! coefficients can be calculated. 
! Individual length and/or 

.......................... ·.······························································· ...... ) weight. sampling should be 

Qpt.imum values for 
condition C:oeflicient are near 1.0. If 
the condition coefficient of your 
hatchery fish va1ies greatly from 
this yuu should consult yuuJ" 
community advisor. 

Inspection 
A regular sampling 

program also provides an 
opportunity for close inspection of 
individual fry. This often leads to 
the early detection and treatment 
or dieeases which can prevent 
serious outbreaks. 

J"'' 

conducted monthJy. 

Equipment 
A. Bulk weight sampling 

'J11c foUuwing t.aquipmtml is 
required when conducting bulk 
weight. samplinir. 

./ huluncc luccurulc lo I grumJ 

./ .dipncl 

./ small plastic basin 

./ ladle or fry spoon 

./ tally counter 

./ thermometer 

./ paper towels 

./ pencil and paper. 
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B. Individual sampling 

In addition to the above 
equipment, the foJlowing will be 
required for conducting individual 
length and/or weight sampling: 

,/ balance (accurate Lo 0.1 
grams) 

,/ plastic ruler marked in mm . 
increments (gluing an end piece on 
the ruler to slide the fry up against 
facilitates measurement) 
· ,/ anesthetic 

,/ extra basins for anesthetic 
and recovery baths 

,/ acraLo1-s (if available). 

Procedures 
A.- Bulk weight sampling 

I. Ph1<.-e 11 basin of waler on 
the scale, weigh it and note 
weight.* 

2. Remove a dipnet of fry 
from the container; try to obtain a 
representative sample or samples. 

3. Support the net, and let 
the water drain for approximately 
10 seconds. 

4. Gently spill 
approximately 50 fry from the 
dipnet into the basin of water· 
(nppmxi~:ll.dy 25 will he 1mfficicnl 

· for smolts). UeLum ihe surplus to 
the rearing container. 

5. Note the total weight 
lfry, basin und wut.c1·). 

6. To count the fry, use the 
fry spoon to retw-n them to the 
container. Transfer a few at·a time, 
and accurately coilnt them with a 
tally counter. (You may want to 
retain them separately for length 
measurements.) Repeat the 
procedure as often as necessary to 
sample a significant percentage 
(say 6 - lO'i'd of your fry. 

7. Subtract weight of water 
and basin from the total weight to 
obtain weight of the fry. 

8. Divide the total weight 
of fry by the number of fry to 
determine ave1·11ge weigbL. 

ao 

B. Individual sampling 
l. Set up equipmenth. 
2. Draw a dipnet of fry 

from the rearing container; try to 
obtain a representative sample. 

3. Transfer approximately 
50 of the fry to a holding tank or 
basin. It should be well supplied 
with dissolved oxygen by aeration 
or water flow. Return the surplus 
to the rearing container. . 

4. Remove fry one at a time 
by hand. Measure length from tip 
of nose t.n the fork of the tail. <This 
process can be simplified with the 
Penny Fry Measure, see pagel4) 

6. Ha scale accurate to .01 . 
grams is available, wei,h the 
individual fry and note weights. 

6. Record all data including 
deformities and signs of parasites 
or disellSC. 

7. Monitor tempe1"Bt.w-e of 
holding tank water and change the 
water if the temperatw-e chunges 
by3°C. 

8. Wo1·k as quickly as 
p<>ssible; try to have three or four 
people available, each with a 
specific job; i.e. recording data, 
measuring fish, transfening fish. 

9. Monitor fish closely for 
siJm& of stress such as darkened 
colour, crrulic behavior, Awimmin~ 
at surface, and long recovery rate. 

* Some scales can be reset t.o 
zero witb the basin or water in 
place. In this case you can add 
the fry and read their weight 
directly. 
................................................................. 

Stress 

A certain amount of stress 
is unavoidable durin~ sampling 
activities, particularly individual 
sampling. Chan~es in water 
temperature, reduction of dissolved 
oxygen, cl'Owding and handling aH 
cause stress. 

lt is import.ant Lo know 
that. the efiects of these stressing 
factors are cumulative. A single 
stressing agent may not cause 
harm but, when combined with 
others, the cumulalive elfoct moy 
cause serious problems, even 
death. 

The i-;t rcss caused hy 
sampling will be kept to a 
minimum if the procedures 
described uho\'l' arc followed -
carefully. 1'hcrc will he no ill 
ef1ects on the fry from regular 
sampling activities which are 
carried out in this manner. 

The knowledge yuu ubt.ain 
from regulai· fry sampling should 
help you maintain a successful 
rearing program. This helps to 
ensure the release of healthy 
juveniles which will have a belt.er 
chance of sun;val. 
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Scale sample 
reading 

Why read scales?. 
Reading scales from 

salmonids can provide a lot of 
information about their" lives. From 
these readings an experienced 
person can tell the species, the age 
of the fish, how fnl't it hos ~wn 
and in what sta~e ofit.s life. how 
long it has lived in fresh or salt 
water and, in the case of steelhead 
or cutthroat trout, if it has 
spawned before. 8uch information 
is valuable for fisheries managers 
and for your projects. 

Scales can be read simply 
by pulling them from the fish and 
put.ling them wider a microscope 
to interpret. what you see. There 
are definite limitations to this 
simplistic app1'0ach, particularly if 
you have a number of scales to 
read and have to keep them stored 
and organized. 

It is possible to ove1"l.'Ome 
this by permanently recording 
scale samples as a plastic 
impression. After this is done, 
there is no need to keep the 
original scales as all the 
information needed has been 
impressud into t.hu slu.-et. of' plust.ic. 

The scale p1't!ss shown can 
be built from readily available 
parts. 

How scales g_row 
Scales on salmonids don' 

become more numerous as the rl8h 
grow, they get larger. In this 
process, the fish grows a new, . 
larger scale under the old one, 
which remains on top. There is a 
defini~e ridge left where the old 
and new scales meet. H you were to 
slice a scale in half tlu'Ough the 
cent.er, it would look somewhat. like 

aluminum plate _ _.,,.---
acetate 

a pile of plates, with the highest 
point being the tiny first scale of 
the fry. 

Stacked ever larger 
beneath that are the mid-year and, 
nearest the fish, the most recent 
protective scale. 

Reading, or more 
accurately, decipherinfl this stack 
of plates involves an account.ing of 
these ridges. A p0pwar miscon- -
ception is that these rings are like 
those in a tree - "one ring, one 
year." Unfort.w1at.ely, this is not. so, 
in fact several rings may form 
during one season's growth. 

Making good 
impressions 

Getting good scale 
impressions starts by taking care 
while taking scales from the fish. 
The scales should be taken from 
the "prefened" area, which is 
above the lateral line and between 
the dorsal and adipose fins. 

Pull the scale out. cleanly 
wit.b t.wee~rs. clean it. by wiping it 

Science and Research 

+ = 
torque wrench 

bet.ween thumb and forefinJ?er Cdo 
not let go with the tweezers) and 
place it on a scale book. A common 
en'Or is to stick the scale to the 
book upside down. The ri~ei; are 
on one side only, the side away 
from the fish, so put the scale in 
the book the same way you took it 
f1'0m the fiRh, with the side that 
was next. t.o lhc fish next. to lhc 
paper. Don't forget to fill in the 
written information on the scale 

· book. Once you have taken Ncules 
frum fh1h iL'N Hurp1·ising how Llwy 
all look Lhe same! 

To make on impression 
wilh the machine, you sandwich -
bet.ween two aluminum plot.cs 
(perhaps the thickne!'R of a dime 
each> - the scale book with a piece 
of .020 thick clear acetate 64 mm X 
127 mm (2 112 X 5 inches> which 
can be obtained from Layfield 
Plastics Ltd. in Richmond> on top, 
facing the scales. 

This is then slipped into 
the heated press and the press is 
screwed tightly down. Depending 
on the t.empe111Lure and pressure, 
about. 3 • 5 minutes should be 
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sufficient time to make the 
impression. Remove the plates and 
let them cool to produce a perfect 
impression of your scales. You may 
need to experiment a little to find 
exactly the right time to leave 
scales in your p1-ess. The part of the 
scale book you w1'0te your 
information on is normally attached 

. to the plastic impression with clear 
ce~lotape. .. 

· If you can't get proper scale 
books you can make your own by 
using wide brown gummed 
butcher's tape (the old-fashioned 
paper tape that looks like brown 
paper bag material, gummed on 
one side). Place the scales on the 
gummed surface. 

How to read·scales 
Leaming Lo 1-ead scales, and 

t.ell the species, age and gl'owth rat.e 
of the fish they came from, takes 
years of experience. The visual 
elements that indicate such things 
are subtle. But even the novice can 
learn some interesting facts about 
fish scales and will be able to find 
examples of some of them in actual 
scale impressions under a 
microscope. 

1. The rings are only visible 
on the portion of the scale that was 
imbeddcd in the fish skin. 'l'he 
exposed portion appears virtually 
clear. This exposed po1·t.ion is called 
t.he post.crior - becuuMe it. is ncul'cr . 
the tail. The imbedded part is called 
the anterior. The most important 
part of scales, to a reader, is t.he 
posterior-anterior margin, the line 
where the two sections meet. The 
rings are often easiest to identify 
along this line; 

2. Salmon begin to form 
their first scales when they are 
between 40 and 50 mm long. This 
first scale, which remains as the 
center of the scale for the fish's full 
lifetime, is called the "focus." 

3. When a scale sample is 
taken, the dat.e must be not.cd. If it 
is not, Uae oute1·wost. ring (or 

llllllWUS) bus· JIU poillL or 1·eff.u·e11t.-e 
for the reader. 

4. The number of rings 
that are created in a given year or 
season can vary from one fish to 
another - genetics and food 
supplies influence this. 

· &. It is the spacing and 
thiclmess of tbe rinp, plus the -
subtle visual pattem that they 
form, that reveals seasons and 
speed of growth. 

6. Rings formed in fresh 
water are usually fmer than those 

·formed in salt water. · 
7. Coarser rin~s with 

wide spaces indicate summe1'S -

u 
0 
Li 

US Liiuc or foMt gruwth. 'llac ring~ fl'! 
formed in the winter are fine1· and LJ 
closer together. 

R. Elich Rpcciefl hH it.fl own r-l. 

distinct pattern of rings. AR well, LJ 
the pattern of freshwater rings for 
difTerent sockeye stocks are 
distinct. Using this information, 
the seale lab can help fisheries 
manqers lmow which stock is 
being caught in the fishery at any 
given time. 

'fhe scale lab staff check 
their findings from scale readirigs 
against known samples from 
tni:i:t.'<i liKh cm u 1·c"ular busis t.o 
check thcil' own uccurucy, 

u 
LJ 
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Scale 
sampling 

In laboratories in 
Vancouver and Nanaimo, DFO 
staff examine salmon scales and 
crt>ss sections of fin rays and 
ot.oliths (a small bone foWJd in the 
salnion's inner ear) to determine 
the age of individual fish. 

All three reveal a eeries of 
concentric circl~s which, when 
examined by a skilled reader, can 
tell both the age of the (18.imon and 
how many years it has lived in 
fresh ond salt wot.c1·. It is like 
counting the annual growth rings 
on a tree stump, except scales do 
not form one ring per year. 

Why is age 
important? 

Knowledge of the ~ 
predominate age group found in a 
particular run of salmon is an 
important management tool. If we 
can predict when the offspring of a . 
given year's spawn will be 
returning, u munugcmcnt s.1.rut.cgy 
can be wu1ic.L'Ci out. bcfureband. 

For example, if historic 
records show that a stock is 
comp1ised of mostly four-year-old 
fish, we cun predict. on abundance 
of salmori (and possibly a 
commercial opening in some cues) 
four years after an especially 
strong escapement. Canvenely, we 
can plan special conservation 
measures to protect returninl 
spawners four.yean aft.er a 
particularly poor escapement. Al1a, 
for PIP enhancement projects, it's 
nice to know when to expect those 
first returns! 

Science and Research 

Equipment: 
./ scale books and scale. 

sampling tweezers, available from 
yow community advisor 

./ notebook, t.o record 
lengths 

How to take scale 
samples 

Scale aamples are taken 
from both sides of each fish; the 
number of scales required varies 
by species. 

Scales from eac:h side are 
aJTaDpd in individual squares in 
11C&le books. (See illustrations of 
scale book formats.) Always 
complete sampling one side of the 
fish before starting the second side. 

1. Place the fish on its side 
2. Wipe the preferred area 

(see diagram) clean of water and 
slime. 

3. Remove scale from 
prefen-ed area by grasping its 

·~~ ...... r: .. ,_ 
..-:' ... :_ _____ .... 

apoeed edp with tweezers and 
pullinc. 

4. Hold the scale up to the 
light to check for deformation. If it 
is deformed or abnormal, discard 
and select another. 

6. Center the scale on the 
numbered square on the scale book 
so that the side that faced up on 
the fish remains facing up on the 
book. To check if the correct side is 
facing up, scrape the surface of the 
scale with the tip of the tweezers. 
It should be rough with ridges. 

6. Be sure the scale is 
sticlcing firmly to the scale. bOok. 
Use no additional water to adhere 
the scale, just the moisture already 
present. 

Tum the fish on its other 
aide and repeat the procedure. 

How to report 
length data 

In some instances length 
data accompanying the sc:ale 
samples is requested. The most 
common length measurement used 
for adult salmonid sampling is the 
pod-orbital hypural length. 
This is the measurement from t ht> 
back of the eye socket to the back 
of the hypural (iai}) bone. This 
measurement. can be employc.-d on 
carcasses whose tail fins and noses 
are decayed. Fork length fllOt'e to 
fhrk of tnil) ntCU!'Urcmcnt. is mmcf 
in ull juvenile tcnmplinir. Be.• Mure 

.. 
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all measurements are clearly 
identified as to which samples they 
go with. For example: 
Sample Length Book 
1 96cm 1 

Scale# 
1to5 

2 103cm 1 6 to 10 
Length measurements 

should accompany scale samples of 
chinook <both river-caught and 
spawners), and all freshwater 
species. 

Scale book care 
1. Keep as dry as possible. 

Moisture from rain, etc., will 
dissolve the book's adhesive 
coatinJl and cover the scale, or 
wash away the adhesive so the 
scales will not stick to the boOk. If 
a· book becomes wet, stan a new 
one 1·ather a.ban have the glue 
spread. 

2. Fill in data on inside 
brown cover of scale book. Do not 
write lengths 01· oilier information 
on outside covers; these covers are 
destroyed when the scales are 
pressed in the lab. Scale format 
should be specified as to 10 across, 
5 down, etc. --

-- Il­l-. 
t::.M=-=======~--==-~·======~=--

a. Record all length data on 
separate data sheets. 

4. Clean scales provide the 
1 most meanin,crf ul readings. 

This fall, why not take 
samples from the fish you are 
using for broodstock. Your · 
community advisor can have them 
analyzed for you at the scale lab in 
Vancouver. The information 
obtained will provide you (and 
DFO management st.am with 
additional insight with respect to 
the salmon stock you are working 
so hard to conserve! 
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chinook spawnel'S, coho 
spawners, steelhead 

'\, 

.~q 
SCALE FORMAT: 
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12 

22 

32 

42 

1 

8 

11 

16 

21 

10 down ,Use with these 
species: chinook spawners, 
coho spawners, steelhead 

... '\, . 

c}~ .J> SCALE FORMAT: 
1 

11 

21 

31 

41 

5down 
Take Lhree scales frum Hide 
1 and two scales ii'U~ side 2'. 
Use with: chinook lucean· 
cau~ht), sockcye spawncrs~' 
w1d all frcshwalcr species 

'\, 

.~ q 
... . 

~ SCALE FORMAT: 

1 

6 
11 

16 

21 

1 

6 
11 

16 

21 

1 I 
I 

6 

11 

16 

21 

1 

8 

11 

16 

21 

2 across 
Use with these species: 
chum adults, chum 
spawners 

SCALE FORMAT: 

2 across 
UM! with all species of 

- juveniles. Take a smear or 
scraping of scales with a 
scalpel. Slide the scales off 
the scalpel the same way up. 
Use a probe or point to 
assist in removing scales to 
the book. 

* Soc:keye 11omplin~ is more cumplc x, 
· please c:onsult yow CA 
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Submitting 
samples for 
diagnosis 

When fish health pro_blems 
occur and diagnostic assistance is 
required, it is important to submit 
a suitable sample and information 
in order to obtain an accurate 
diagnosis. 

The first and best approach 
is to ammge for an on-site visit by 
the diagnostician. However, if this 
cannot be mnna~cd. a !!ample.of 
moribund or freshly dead fish 
should be submitted as soon as 
possible. 

First and foremost 
Telephone: Call the 

diagnostician to make BlTange­
ments: 
I.Before 
samples are 
collected 
2. Before 
treatments 
are started 

Have 
the following 
information available: 
loss reco1-ds, water temperatme, 
fish densities, water quality, etc. 
Decide on the best transportation 
to ens~ delivery of live fish to the 
laboratory. Travel schedule 
information must be provided 
during the initial contact IO that 
diagnostic penonnel are aware of 
expected arrival time of the 
sample. 

Science and Research 
Collect Fish: Choose five 

to ten MORIBUND (sick) fish that 
show signs of disease and abnor­
mal behaviour, but which appear 
to have enough stamina 
to survive shipping. 
Check the edges 

· of ponds and 
outlets for 
lethargic and 
sick fish. Several 
FRESHLY DEAD 
·fish maybe 
submitted in a 

· separate container 
with appropriate labels 
if moribund fish are not easily 
obtainable. Dead fish which are 

· dccumporiing are NOT 
ACCEPT.ABLE samples for 
diagnostic evaluation. A 
RANDOM SAMPLE of healthy fish 
may also be requested. 

Common behavioural signs 
of problems include crowding of 
fish near water outflows, near 
aeration devices, and near the 
water surface; elTBtic swimming; 
flashing; lying on the bottom; and 
lethargic movements. 

: Arrive ·alive 
Transporting all'ected fish: 

CARE must. be taken in 
preparing the sample for shipment. . 

· The choice of container or system 
of submitting samples wiU depend 
on the type of transportation 
available and the distance from the 
diagnostic centre. Several suitable 
options include: 
1. OPEN CONTAINERS: 
provided with an aeration system.­
Tbi9 system is suitable when 
delivering live fish by hand. 

2. PLASTIC BAGS: Live fish 
travel well in adequate water in 
strong durable plastic bags. Flush 
water and space above with oxygen 
or medical air. Seal this bag inside 
another. Ten smolts or fingerlings 
will survive in 2.25 litres of water~ 
Load a suitable Styrofoam chest or 
bucket with bagged_ ice or ice packs 
on ·the bottom and sides. Fish -
should Dbl be in direct contact with 
ice as false disease signs can be 
induced and parasite load re·duced. 
Ship IMMEDIATELY. 

8. ICED OR FROZEN: Fish may 
be submitted in individual bags on 
ice or frozen if a live sample proves· 
impractical. Remember that ice 
MEL 'ffi; a suitable c:Ontainc.r for 
t.he ice is t.hc1-eforc ncccs.omry t.n 
prevent leaky packages. 

Frozen samples are 
appropriate if the fish cannot. be 

. shipped right away. Add a small 
amount of water to the bag before 
freezing. Ship with additional ice 
in an insulated container. 
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Science and Research 

Preserved samples 
Fixed or chemically 

preserved samples are suitable for 
histological and parasitological 
examination. The preferred 
fixatives are lO'Ni buffered formol 
saline or Bouin's. 

Samples offry-to-smolt size 
must be slit open along the ventral 
surf ace to allow rapid penetration 
of the fixative. Major organs and 

· tissues of larger fish are removed, 
sectioned to 
one cm 
thickness and 
preserved in 
five to 10 
times the 
volume of 
fixative. (lO'h­
formalin can 

.. ~;f,'~ ~. ~ 
L~=.J- ~---~ ,... '"°" IOcm ~ "'-:......_ 

ding be made by ad 
one volume of 3 
commercial 
formaldehyde to 
nine,volumes o 
water. Fixativ 
improved if the 
solution contai 
0.9-1.0'h- table 
A 70'7ri (measure 

77f' 

f 
e is 
final 

ns 
salt.) 

d) 

Preserving solu11ons 
10 per cent formalin: 

Forma~n 100mls 
Water ·900m15 

louln'1 aolutlon: 

Saturated aQueous 

picric acid 750mls 

including to tal 
hper number of fis 

pond 
•Water so urce and 

pH, quality, 002, 
temperature, 
salinity, am 

Pro 
mania 
vide 

information on: 
•COMMON 

yl, Formalin 250mls DISEASE SI solution of meth GNS 

0 
0 
D 
0 

. D : .· . '. '-, · ... •® .. 
p~~ ~(:/: ! .·' 0 
~. \ .~ .l·() f;/ .. _.9:< . 0 

' .. ' 
~ ·: .=: :·.:: ·: 

~-mk'l 0 
,,, ... 

FON MALIN 

Shipping: Transport by 
the fastest methods. Samples that 
arrive early can be examined the 
same day. Label samples 
adequately on the outside. Indicate 
natu~e of sample; .~.J_ 
e.g., hve ~,." ~ 
fish or ' 'OJ , · .. 
frozen fish ~ (tJ/ / ~ ollii 

0 
0 
0 

yl Acetic acid 50mls observed in s · ethyl o~ isoprop 1ck fish, 
(peri- ~:--~ jv lo ~~~~ 
shable). 0 - ~ D 

alcohol_, or isopropyl . . which include 
alcohol in water·can also be used redness ofextemal skin areas, 
as a fixative in emergencies. abnormal skin colouration, ulcen: 
NOTE: As fixative chemicals bloated abdomens, popeye, eroded 
cannot be shipped by air or post, fins, scale loss, eroded areas, 
~rain off the excess fluids from the emaciation, opaque eyes, excess or 
fish sample after a 24-hour fiution absence of mucus on skin, gill 
period, wrap the sample in colour, abnormalities ofintemal 
fixative-soaked disposable towels organs. 
and seal in a leak-proof container. • RECENT FISH MANAGEMENT 

Provide information: activities including grading, 
each sample.submitted ------ subsampling, or other 
must include information ON<oAH"INe""' stress-inducing 
concerning the source of the ·LOSj RKOns· operations. 
sample: .coNo •UNUSUAL WEATHER BS' MOOD \llt, 
• Project name o.,kz.f-. . · CONDITIONS OR 
• Address, age of fish, ot:./al• ···· ACTIVITIES IN THE 
source and pond number AREA Basically, send as 
• Loss records for the much information as 
past two weeks, possible. 
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Label ... "\ 
package with Laboratory 
address, telephone number and 
with instructions "Call upon 
arrival." Make sure the diagnostic 
centre knows how and when the 
fish will amve. 

Results: Call the 
laboratory for preliminary results 
within 24 hours. Remember, no 
news is not necessarily good news 
as the diagnostic centre may have 
had problems contacting you. 
For further details contact: 
Dorothee Keiser, Diagnostic 
Service, Pacific Biological Station, 
Nanaimo, B.C. V9R 5K3 
Phone: (604)756-7057 
Prepared by Joan McKay 
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Aeration 
If water is to be usable in 

fish culture projects, it must 
contain the correct amount of 
oxygen and other dissolved gases. 
If there is too lit.tie, we obviously 
have problems. Likewise, an excess 
of dissolved gases can also 
endanger eggs or fish. This 
aeration Tipsheet will explain the 
principles of balancing the total 
gas pressw·e thl'Ough aeration. 

-Total gas pressure 
Water contains var}ing 

amounts of dissolved gases, 
dissolved minerals and suspended 
particulate matter. For fish 
culturists, the most significant of 
these components are dissolved 
gases, particularly oxygen (DO) 
and niti-ogen (DN). Coupled with 
dissolved argon and carbon 
dioxide, they are measured to give 
the Total Gas Pressure ('I'GP) 
expressed as a percentage for a 
water sample. At 100 percent, t.he 
total pressw·e of the dissolved 
gases present in the water is equal 
to the pressure of these gases in 
the sun-ounding atmosphere. 

Frequently, however, the 
pressures are not equal. Water 
may contain Jess than 100 percent 
of certain gases, or it may be 
supersaturated - contain more 
than 100 percent of one or more. 

For fish culture, as 
discussed in the Tipsheet titled 
Monitoring dissolved oxygen, it is 

· necessary to have dissolved oxygen 
levels of 95 to 100 percent. 
Nitrogen levels should be at about 

. 102 to 104 percent. 

Water Quality 

Symptoms of gas bubble disease 
L One or both eyes extruded from 
the socket. 
2. Hemorrhaging in the eye area. 
3. Bubbles in the fins. 
4. Bubbles in the skin tissue. 
5. Bubbles in the roof of the 
mouth - look for atypical 
feeding. 
6. Sounding - fish seek deepest 
water. 

7. Extended abdomen - yolk 
sac fry may be so filled with gas 
that they swim belly-up or 
erratically near the surface. 
8. White spots or coagulation of 
yolk in fry. 
9. In less extreme cases there 
may be po0r feeding and/or low 
growth rates. 

.. . . .. . . . . . . . ,. . : . ~ :: · .. • . . .. ·: . . . . . : .... ::· . : : . ' .. • .. ' . . . . . , . ··~.: 

Fish culture 
implications 

The major concern about 
super-saturation from a fish 
culturist's perspective is its role in 
causing gas bubble disease. 
Bubbles form in the blood and 
tissues of the fish, on the surface of 
newly-hatched fry, in yolk sacs, or 
in the mouths of fish. 

Gas bubble disease can 
occur at any stage of the life cycle, 
but tolerance is lowest at the 
alevin and fry stages. Since this is 

· also a vital stage in the raising of 
hatchery or incubation box fry, the 
disease is of great. t-oncurn. 

Aeration may be necessary 
when using ground water, but care 
must be taken to see that aeration 
methods do not lead to 
supersaturation. 

Suggested 
reading 

"Summary of water 
quality criteria of salmonid 
hatcheries," Sigma 
Environmental Consultants 
Ltd., Revised Oct. 1983. Report 
to the Department of Fisheries 
and Oceans. 

Contact your local CA 
for this and more information. 

What factors 
affect TGP? 

The TGP of water is 
allected by several factors. These 
include the water source as well as 
various environmental factors. 

•Waler source: frce­
running streams are aerated 
naturally; groundwater, however, 
often requires treatment 

• Barometric pressure: 
the capacity of water to contain 
dissolved gases decreases as the 
air pressure decreases. 

• Tcm1>eralurc: th<! 
solubility of' a ~as decreases as 
temperature of the water 
increases. Therefore, water which 
is already saturated with gases can 
become supersaturated when the 
temperature is raised. 

•Injection of air under 
prt.."Ssurc: supe1·satm·ation can 
also occw· when gases w·e carried 
to depth in plunge pools at 
waterfalls, dam spillways, or by 
aeration devices. The sucking of air 
into pipelines or pumps due to 
small air leaks can also be a cause . 

Aeration methods 
All aeration methods are 

based upon i:ipeeding up the 
natural exchange of ~ases. 
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Water Quality 
Supersaturated·water,.held in a 
glass beaker, will give up excess 
·gases by the formation of small 
bubbles on the sides of the 
container, and by direct discharge 
form the water surface. 

Since this dispersal is 
affected through the exposure of 
the water surface to the 
surrounding atmosphere, the 
various man-made aeration 
systems have relied upon a 
combination of tumbling or 
spraying to speed up this process. 

Weirs, equipped with 
splashboards, paddle wheels or 
rotating brushes have. been used, 
as have various sloping, coITUgated 
surfaces. Man-made waterfall 
devices have been used also to 
speed up oxygen absorption, but 
these can lead to excessive 
absorption. 

One common method 
involves dtopping water through a 
series of stacked and perforated 
trays. (See illustration below.) 

In another common method 
in use today, wate1· 
is pumped 
up and 
allowed to 
flow down 
through 
tubes . 
packed 
with 
plastic 
rings or 
through 
towe1·s 
containing 
wooden 
slats. 

~8 

Fresh air is introduced through the 
sides of the device. (See 
illustration below.) 

1 112" Flexring 
(not to scale) 

Expanded 
aluminum (mesh) 

1 1 /2" Flexrings 

12" PVC Pipe 

u 
Gases exchanged ~ 
by aeration u 

• Oxygen: absorbed or ~ 
dissipated by aeration until a level LJ 
of 95 to 100 percent saturation 
(ideal) is achieved. 

e Nitrogen: present in ~ 
well water; removed by aeration. LJ 

• Carbon dioxide: very 
soluble; common in groundwater; ~ 
easily dissipated. · · LJ 

• Methane: present in all 
well water; easily removed by r91 
aeration. LJ 

Factors involving water 
quality are heavily interdependent. 
Removal of carbon dioxide, for · ~ 
example, increases the alkalinity. LJ 
Fluctuation in temperature and 
barometric pressure are other ~ 
interdependent factors. Also, fish LJ 
have a higher tolerance for 
supersaturation in hard, as ~ 
opposed to soft, water. The type LJ 
and amount of aeration needed for 
a given project will be affected by 
all of these considerations. 

Exp~rt advice 
This Tipsheet provides 

· only a b&Sic overview of aeration 
and aeration methods. Each water 
supply is unique and aeration 
needs will vary. 

·u is very important to 
achieve a sufficient degree of 
aeration when dealing with 

LJ 

LJ 

LJ 

u-
supplies of groundwater. You must 
also avoid supersatw·ation. For ~ 
proper protection of fish health, it LJ 
is necessary to achieve levels of 95 
to 100 percent oxygen saturation 
and under 104 percent nitrogen 
saturation. We recommend that 
you obtain advice on aeration from 
your local community advisor. LJ 

·LJ 

LJ 
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Bubbles and 
bubblers 

Joe Kambeitz, CA for the 
southern Fraser drainage in the 
lower mainland, prepared the 
following to de-mystify aeration 
methods. 

Everyone who has fish 
living in some sort ofartificial 
situation has thought, at one time 
or another, about aeration. 
Whether the fish are housed in a 
small aquarium orin huge. 
concrete raceways, one· wants to 
have as much life-supporting 
oxygen present as possible. 

Why add air? 
The initial charge of 

dissolved gases is put into most of 
our projects by means of aeration 
towers or stacked screens. Beyond 
such well-known techniques as 
flowing water and aeration towers, 
there are other ways to put oxygen 
into water and specific times when 
these may be needed. Such times 
include when our main water 
systems foil (horrors!), when we 
transport fish, when we confine 
fish in small containers to sort 
them or tO anesthetize them before 
fin clipping. The method most 
often em ployed is bubbling the gas 
through water. 

How does it work? 
The same principles that . 

apply in a well-designed aeration 
tower also apply here. 
Where a water surface is in contact 
with air or oxygen, it absorbs some 
of the gas. In the aeration tower, 
water is broken into tiny droplets 
and dropped through the air. With 
air injection (bubbling), the 
opposite happens; the air is broken 
info fine bubbles and rises through 

the water. For the gas exchange to 
be efficient, the gas and water 
must meet over the greatest 
possible surface you can provide. 
The geometric analysis is quite 
easy. ff you were to put a given 
volume of gas through your water 
as very large bubbles - let's be 
ridiculous here - say one cubic 
foot sized bubbles, or as small, one 
cubic inch siz.ed bubbles, the 
smaller bubbles would present ten 
times the surface area to the 
water. It is this surface area that 
gives. the gas exchange its , 
efficiency. 

As in the aeration tower, 
where we broke water into as tiny 
droplets as we could, so, in 
underwater diffusers, we want to 
break the gas into the smallest 
bubbles we can. 

Obviously, if one cannot 
-always achieve good efficiency with 
large bubbles, one could always 
turn up the volume and increase 
the overall number of bubbles to 
provide the necessary oxygenation. 
Of course, this could be the simple 
choice for better gas 'transference. 
How.ever, one then might be 
concerned about the turbulence 
caused or perhaps about the cost 'of 
compressed oxygen. If so, another 
approach is wo11.h investigating. 

In the years since we 
discovered that oxygen in water 
could be replenished by bubbling, a 
variety of methods have been 
employed. I would like to examine 
several of these, mainly perforated 
and foam hoses, aeration stones 
and ceramic plates. 

Water Quality 

The methods 
•The micropore 
perforated hose 

This is commonly a small 
diameter plastic hose that has 
been run through a "pinwheel" 
device which uses needles to punch 
small holes through one side of the 
hose. The imds are connected to a 
gas sow·ce (air or oxygen) and 
bubbles are produced at each hole. 
The advantages are that it is cheap 
nnd that. large areas might he 
serviced in this manner. The 
disadvantages are that it produces 
a large bubp)e <compared to other 
methodN) and that one m UNt 
provide a framework to hold the 
tubes down near the bottom or the 
tube, once filled with gas,· floats to 
the surface where no amount of 
bubbling will be of any use. The 
lead lines, metal frames and the 
inconvenience of netting fish 
around all that equipment make it 
a last resmt or one that is used 
very infrequently. 

• The foam hose 
This air hose was designed 

p1;ginaJly as a soaker hose for 
gardening work. When .it is filled 
with air, its surface releases a wide 
variety of bubble sizes into the 
water. This method is far more 
eflicient than the perforated hose. 
Its larger diameter makes it easier 
to handle and less apt to tangle · 
around nets. The disadvantage is 
that, for larger jobs, you may still 
need a frame to hold it down and 
in an efficient gridwork. 

• The air stone 
The air stone has been 

with aquariums since time began 
and I still haven't figured out why 
they are always blue! In any event, 
they are perhaps more ~fficient 

89 



Water Quality 
than u foum ho!-!e, they will sLuy on 
the bottom by themselves and, 
overall, are a pretty good deal. 
Their drawbacks are that they are 
usually small and therefore of 
value only for very small jobs like 
fin clipping, display aquariums, 
etc. 

· • Ceramic plate 
diffus.ers 

These are the state of the 
art in bubblers. A fairly thiil 
ceramic plate is mounted in 0 

support frame with a free space 
under the plate. When gas is 
pressured into this space, the 
ceramic plate produces bubbles so 
fine Lhey w·c ha1·d t.o sec with the 
naked eye. If you despair over the 
cost of a tank of oxygen, this is the 
system for you. In my estimation, a 
ceramic. plate will use six to ten 
times less gas than micropore tube 
to do the same job. 

· The disadvantages are that 
they are expensive (about $175 
each), they break if you freeze 
them and they should be used with 
caution. The recommended 
pressure on the underside of the 
ceramic plate should never exceed 
50 pounds per square inch. If it 
does, the plate could explode 
spectacularly from its frame and 
~ause serious injury. I recommend 
that these only be used with 
pressurized gas from an air or 
oxygen cylinder fitted with a preset 
regulator, set for 50 psi, that 
cannot be adjusted. A flow meter 
cun be inst.oiled beyond the 
regulator to adjust pressure 
downward if it is needed. 

If you use a ceramic plate 
diffuser in conjunction with a 
compressor, the same pressures, 
apply. You should also know that 
the underside of the ceramic plate 
can become fouled and inoperative 
if it gets contaminated with oil, etc. 
The pressure· will just force the 
material into the plate and plug it. 
You should use an air filter, 
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similar to the ones used Lo clean 
air between the compressor and a 
scuba tank that is being filled, to 
prevent this. 

Some final thoughts on 
bubbles - whether you decide you 
need to diffuse pure oxygen or 
whether you will settle for the 20 
percent that is in the air - the 
configuration of your diffusers will 

1make a difference. Placing one 
· bubble producer below another 

ruins the efficiency of each. 
Bubbles produced in the lower unit 
float upward and bump into and 

· join onto those from the upper 
unit, producing larger, but fewer, 
bubbles and lowering the surface 
ratio. Putting ceramic plat.cs in a 
slanted or vertical position has the 
same effect and you're just wasting 
gas. Always lay plates in a 
horizontal position. 

Transport 
considerations 

It is a good practice to 
condition your transport tank 
water before you put fish into it. If 
you intend to load a tank to near 
capacity, tum up. your air iltjectors 
to produce a slight oxygen super 
saturation (13 - 17 ppm). 'l'he fish 
will be excited when you load them _ 
due to the moving and crowding. 
They can easily use up much of the 
dissolved oxygen in a short time 
and, if you did not super saturate, 
the aeration system may not be 
able to replenish it quickly enough 
to save them. As well, ,You should 
wait 15 to 20 minutes before 

· driving away. This lets the fish 
settle down and you can stabilize 
the oxygen level. Too little gas is 
obviously harmful; so is too much. 
The gas will start to come out of 
the water like the bubbles in soda 

u. 
pup. If fish live in this type of 
water for extended periods, they r"! 
develop gas bubbles in their LJ 
bloodstream. This condition is life 
threatening. What you W!lllt to ~ 
achieve with bubbling is a LJ . 
situation where you replenis·h the 
oxygen into the water at a level 
that is in balance with atmospheric ~ 
pressure. Your fish will be happy lJ 
and your project will run with 
confidence. ~ 

(For more details of LJ 
transporting fish, see Ti psheet on 
"'I'ronspurt nnd release of hutchc1·y LJ 
juveniles," page 43) 

You can get more 
information about foam tubinJt and 
ceramic plate difluMe1·s from Point. · ~ 
Four Systems on Clarke St.reel in LJ 
Port Moody, B.C ... 
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Monitoring dissolved oxygen 

Water Quality 

Oxygen needs 
Fish have different oxygen 

needs at different stages in their 
life cycle. Figure 2 shows both the 
critical and safe (recommended) 
oxygen levels as a fish goes 
through its life cycle. 

Factors that affect 
DO levels 

Water source: ifthe 
hatchery water supply is a natural 
stream, then there are probably 
suitable levels of DO. Groundwater 
is usually low in DO and may need 
to be artificially aerated. 

Barometric pressure: 
the amount of DO that water can 
hold decreases as air pressw·e 
lowers. (Air pressw·e decreases 
with poor weather or with an 
increase in elevation.) Even minor 
changes in DO concentrations can, 
at certain times, mean the 
difference between good survival 
and heavy loss of incubating eggs. 

Water temperature: as 
water warms, it cannot hold as 
much DO. For any particular 
temperature there is a maximum 
amount of DO that water can hold. 
This upper limit ofDO is called the 
saturation level. Oxygen in water 
does not usually reach 100 percent 
saturation, but a minimum level of 
95 perce~t should be maintained. 

Figure 1 shows just how 
important temperatw·e is in 
affecting DO concentration. The 
·time .ut. which Lhe most. oxygen is 
needed is just before the eggs 
hatch. The solid line shows the 
critical oxygen level for developing 
chinook eggs just prior t.o hatch. 
An oxygen level below the line will 
probably mean conside1·able loss of 
eggs. . 

The broken. line shows the 
maximum amount of oxygen that 
water can hold at different 
temperatures (100 percent 
saturation). The two lines cross at 
just over l0°C and just over 11 
milligrams per litre (parts per 
million). This means that above 

10°C, it is almost impossible for 
water t.o hold enough oxygen t.o 
sustain the eggs. 

The critical oxygen level is 
a little different for each species, 
but 10°C should be the maximum 
water temperature at which t.o 
incubate eggs near t.o hatch. 

Fish themselves: the 
more fish that are put into a space, 
the more oxygen they will use. 
Therefore, it is important t.o 
restrict the number of fish in any 
given area so there is more oxygen 
available for each fish. 

The recommended levels of 
oxygen during fish development 
are: 

• fertilization to eyed 
stage: 6.0mg/L (6 parts per 
million, or 6ppm) 

•eyed egg to hatch 
stage: the ret'Ommended level is 
set difTerently according t.o the 
water temperature, but it iR 
important to remember that. above 
10°C it may be impossible for the 
water t.o hold enough oxygen for 
eggs as they near hatch (see Table 
1, next. page). 

• post hatch t.o alevin, t.o 
fry stage: 7.8 mg/L. 

It should be noted that just 
because there is enough oxygen in 

Figure I. Relationship between critical oxygen level 
requirement) and temperature 
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Water Quality 
the outflow does not ensure that 
the levels are being met inside the 
container. Check to be sure the 
water is going through all the eggs 
or fish. Also watch how the fish 
behave. Any changes in behaviour 
could be a signal of problems. 
There is no substitute for _watching 
your fish. 

Table l 

Minimum acceptable DO 
concentration for eyed 
egg stage to hatch 

Temperature· Oxygen concentration 
(°C) (mg/L) 

2.5 8.5 
5.0 9.5 
7.5 10.3 

10.0 11.2 

How do I measure 
DO? 

Winkler method: 
probably the most accurate, but 
most s~all hatcheries do not need 

_ this degree of nccural"y; requires n 
lab set up with specialized 

· glassware; involves titration, 
mixing chemicals, and calculations. 

DO meters: very uccurnt.c; 
cost between $700 - $1,000; 
useful when many reading8 have 
to be taken; some calculations 
required. 

Hach chemical kits: cost 
up to $500; work on same 
principles as Winkler, but 
chemicals come in pre-measured 
plastic pouches; multi-purpose kits 
available; with care, can get within 
0.2 mg/L accuracy. 
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Figure 2." Safe oxygen levels during fish development LJ 
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What precautions 
can I take? 

1. Always have a backup 
water supply that can be utilized 
in minutes if the regulur supply is 
disrupted. · 

2. Watch for heha.viour 
changes in your fish. Never 
ussume they will be okay simply 
because there is a lot of water in 
the container. 

3. Never overload eggs or 
fish in a container. 

4. Have a small aerator in 
hand if you have to transport your 
fish. 

5. Be prepared to release 
all of your fish if necessary. 

How can I tell if D 
DO is low? 

· 1. Have equipment to LJ 
measure it. 

2. l•'ry muy bctinnc very 
excitable, darken in colour, or come ~ 
t.o the su1focc gulping for air. LJ 

:J. In cases of bad oxygen 
sturvution, fish die wilh their 
backs sharply arched and mouths 
open wide. 

References 
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Suggested reading: 

"Summary of water quality criteria 0 
for salmonid hatcheries." Sigma 
Environmental Consultant Ltd. 
Revised Oct. 1983. Report to the 
Department of Fisheries and 
Oceans. 

Contact your local 
community advisor for this and 
more information. 
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Oxygen 
systems for 
hatcheries 

Sufficient oxygen is 
essential for survival of all fish. 
Some ·emergency situations make 
adding oxygen to hatchery water 
supplies essential. It is i.niportant 
to remember that oxygenation is 
never a substitute for proper 
loading rates. 

Oxygenation systems are 
used for a variety of reasons. At 
the Necoslie hatchery in Fort St. 
James, oxygen is used during the 
last three weeks of rearing to 
increase growth rates. Some 
hatcheries use oxygen during low. 
flow periods of the year just to get 
them through to release time. 
Others, such as Sechelt, Mossom, 
and Sliammon hatcheries, have 
oxygenation systems which act as 
back-up systems in ~ase of water 
supply failure. In the aquaculture 
industry, constant side stream 
oxygen promotes growth. At the 
Sechelt hatchery, as vaccinated 
fish are transfel'.l"ed to a Capilano 
trough, oxygen is· added to ensure 
good recovery. · 

Oxygen systems also come 
in handy when static bath 
treatments are necessary for 
treatment of disease. Many of 
these static treatments involve 
leaving the water to the pond or 
tank turned off for about one hour. 
With an oxygen system in place, 
turning off flows for treatments is 
not a concern. 

Irtjecting oxygen into the 
water helps keep oxygen levels up 
when sorting large numbers .of 
adults in a holding container. It is 
not uncommon for oxygen demand 
to become very high during sorting 
because the adults are usually 

crowded for handling and they are 
being stressed. 

Adding oxygen does not 
mean that flow load rates can be 
increased. Oxygen will not remove 
ammonia and by-products from the 
water; only appropriate flow 
regimes will accomplish this. 

Oxygen as a back-up is 
time-limited in that, eventually, 
ammonia build-up will occur. 
However, for the short term, i.e. 
eight to 10 hours, oxygenation 
systems offer excellent emergency 
back-up. 

Equipment 
A manual oxygen back-up 

system is easy to install and is 
affordable. At the Sechelt 
hatchery, the oxygenation system 
consists of: 

./ a six-valve brass 
manifold for the six Capilano 
troughs, 

./a three-valve brass 
manifold for the circular tubs, 

./ 11 lengths of PVC hose, 

./ two oxygen regulators 
preset to 50 PSI, 

./ two flow meters, 

./ 18 metres (60 feet) of 
black micropore tubing (1/4 inch) 
to make six airstones, each 3.5 
metres (10 feet) long for the 
Capilano troughs, 

./three 61 cm (24 inch) 
long diffuser tiles for the tubs, 

./ all appropriate fittings 
and clamps, 

,/ two pigtails, and 
./ three oxygen cylinders. 

Water Quality 

Method 
The six-valve manifold 

attaches to one of the oxygen 
regulator/flow meter combinations. 
From each of the valves, attach a 
length of the PVC hose that is long 
enough to reach from the valve 
manifold to the rearing Container. 

Make each 3.5 metre (10 
foot) airstone by sealing one end of 
the piece of micro pore. This can be 
done by heating the end of the 
tubing with a propane torch and 
gently folding the end closed. 
These micropore airstones have to 
be weighted down. One method is 
to insert a piece of stainless steel 
rod into the micropore tubing. 
Another is simply to attach old 
gillnet leadline to the outside of 
the tubing to add weight. 

The open end of the 
micropore tubing is then fitted 
with a brass fitting that will fit 
into the 1/4 inch diameter PVC 
tubing: 

The pigtails mentioned in 
the equipment list allow three 
oxygen cylinders to be run at once. 
This means the fish culturist 
doesn't have to worry about 
running out of oxygen quickly; by 
connecting three large oxygen 
cylinders, you could run the oxygen 
at two to four litres per minute for 
about three days. 

This system is completely 
manual. 

Automated 
systems 

An emergency oxygenation 
system can be made totally 
automated, as is the case at 
Mossom hatchery. The automated 
system is much the same as the 
manual system described above, 
with the addition of a control box 
which contains a solenoid plus 
relays and is connected to a float 
switeh alarm located in the main 
header tank. . 93 



Water Quality . 
The Mossom system has 

the added benefit of providing a 
back-up flow of oxygenated water 
to the incubation containers. To 
facilitate this, the six Heath tray 
stacks drain into a central sump 
area. A small pump is set up to 
draw water from the sump area 
and deliver it to the main header. 
In the main header sits a 61 cm (24 
inch) ceramic ail'Stone which is 
supplied with oxygen from the 
same delivery and supply system 
as the rearing containers 

Essentially, a recirculating 
closed water supply system has 
been created, complete with 
oxygenation. The airstones remain 
in the rearing containers and main 
head tank at all times. All oxygen 
flow levels have been pre-set. 

. When flow to the maiD. 
head tank is interrupted, the low 
level alarm activates the · 
emergency system. At the control 
box, solenoids and relays open the 
valves, delivering oxygen to all the 
rearing containers as well as to the -
main header tank. Also, the pump 
in the incubation room 
automatically starts,, recirculating 
the oxygel}ated water from the 
sump to the main head tank and 
. through the Heath trays. This 
system should provide enough time 
for the problem tO be corrected. 
However, if possible, it would be 
prudent to have the low level 
alarm connected to a dialer unit to 
alert an emergency response· team. 
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Prince George Fry Distribution Site: 
Back-up Oxygenation System 

Distribution Manifold & ControlJAlarm Panel 
Illustration adapted from R. Barratt. Point Four Systems tnc. u 

D Source 
All of the equipment can be 

purchased at Point Four Systems 
Inc. Rob Barrett at Point Four has 
had extensive experience in 
putting these systems together and 

. is very helpful. 
Extra equipment needed 

for an automated systems is: 
./ control box, 
./ solenoid, 
./relays, 
./ float switch alarm. 

For the incubation set-up, ~ 
additional equipment is: LJ 

./ water pump, 

./ appl'Dpriate length of 1 1/2 
inch PVC pipe, ~ 

./ orie 61 cm (24 inch) ceramic lJ 
microP<>re bubble diffuser, and 

./ all appropriate fittings, ~ 
clamps and hoses. LJ 

Ahm•e: tile pump draw.'i wnter from a 
sump a11d delivers it to tile mai11 lieader. 
'/1tis prm•lde.'> a bnr·k-up supply<~{ 
ox,vf.:ellnted water to tlte i11c11hators. 
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Water Quality 

LJ 
Re-use, Whydowe Howdowe 

recondition water? recondition water? 
recycle and 

LJ 
If you are going to recirculate the All the elements mentioned 

recirculate 
water in your 5ystem, you have to above must be dealt with if water 
recondition it. That means removing is to be recirCulated. 
what you don't want (suspended Ammonia - biofilters 

LJ 
solids, carbon dioxide and ammo- change ammonia. to harmless 

· Most hatcheries operate on nia) and adding what you do want nitrate ions. The bacteria that 
1;t "single-pass" or "open" system, · (oxygen). You will, in all probability, make the conversion grow on any 

LJ 
especially in British COlumbJ.a have to adjust the temperature as coarse medium. Gravel filters, 
where water is usually abundant well. suspended above the bottom of the 
and gravity feed from the sow-ce is tank so water can move right 

LJ 
practical. There are, however, Some water quality · through the gravel, are commonly 
times and places where it may be factors used. A note of caution: the 
desirable (or even necessary) to biofilter must be operating 
operate on a recirculating system. Ammonia - must be properly or nitrites can be r!'!leased 

LJ 
This Tipsheet looks at removed from recirculating into the water. These are toxic to 

some of the technical requirements systems. Ammonia, at given levels, fish. Ammonia can also be removed 
of recirculating systems and is toxic and damages gill, kidney by ion exchange - passing the 

LJ 
illustrates with the set-up of one and liver tissue. water through a column of zeolite 
such system operating in B.C. - at Suspended solids - from (a silicate material). The zeolite 
the Steveston Secondary School in fish feces and uneaten food - holds, but does not alter, the 
Richmond. should be kept to a minimum in ammonia. Accumulations of 

LJ 
Greg Bonnell, biologist any fish.culture operation. They ammonia must be periodically 

with SEP's Resource Restoration cause gill damage. removed by washing the column 
Unit, says that recirculating Carbon dioxide - is with a sodium solution (or sea 

u systems begin tO make economic produced in the respiration process water). 
sense in situations where you have and must not be allowed to build to Suspended solids - start 
to pump your water supply excessive levels. with some prevention - avoid 

LJ 
any\Vay. He warns, however, that Oxygen - must be over-feeding your fish. That will 
everything that adds to the present in adequate amounts. eliminate the problem of excess 
complexity of a system also Oxygen requirements vary by life- food in the tanks or ponds. There 
increases the number of things cycle stage and with water will still be fish feces. They cannot 

LJ 
that can go wrong. temperature. be prevented, they must be 

NOTE: Euen in "single- Bacteria - if water is removed. This can be. done by 
pass" systems, if you haoe · recirculated, disease-producing mechanical filtration (sand or 

LJ 
rearing troughs set up "in-line" organisms must be removed. diatomaceous earth filters like 
so that water passes through Temperature - affects those used for swimming pools) or, 
one before entering the next, the rate of egg development, fish if space is available, by using 

LJ 
what you really haoe is a growth and metabolism rates. settling basins. In either case, 
recirculating system. Pay. c/Qse Water that is too cold slows periodic cleaning and waste 
attention to loading densities growth. Water that is too warm disposal will be required. 
and or,ygen le~ls in tl_ii• can be low in oxygen and may Carbon dioxide and u'. situation. foster the growth and spread of oxygen - to remove co2 and add 

disease bacteria. oxygen, the water must be aerated. 
This can be done by running the . 

LJ 
All these factors, along water through the air (in an 

with pH levels, are interrelated. aeration column; for example) or 
All recircUlating systems add some by rullning air through the water 

LJ 
percentage of make-up water to (bubblers and diffusers). You want 
that which they recycle, causiiig to keep total gas pressure at 100 
these factors to fluctuate. percent, but under 102 percent. 

LJ 
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Water Quality 
Bacteria - if you are 

going to recirculate water, you 
must disinfect it to guard against 
the spread of disease. In inost 
cases, this is done by ultraviolet 
irradiation or ozonation. To be 
effective, either must be properly 
operated - expert help is a 
must. In cases where you lmow 
you have a serious disease problem 
(BKD, for example), do not attempt 
to recirculate the w1,1ter. 

Temperature - all the 
processes involved in fish culture 

· are affected by water temperature. 
Eggs develop faster and fish gl'Ow 
more quickly in warmer water. 
Unfortunately, warmer water also 
promotes growth in disease 
organisms, lowers dissolved oxygen 
levels and alters the various 
chemical balances so essential for 
fish health. Heating or cooling the 
water may be required even in 
single-pass systems, especially 
during incubation. 

Water quality is the 
key 

Water quality is always a 
vital factor in fish culture success. 
As the. percentage of recirculated 
water in use rises, the importance 
of watching your water quality 
increases. 

"You really have to stay on 
top of all the chemislry,ft says 
Bonnell, "If you don't have.a way to 
do that, recirculating is not going 
to work." 

Steveston 
Secondary makes 
it work 

One place that does handle 
all the necessary chemical 
monitoring is Steveston Secondary 
School in Richmond. Although 
St~veston is home to a la1·ge part of 
the Fraser River fishing tleet, it 
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totally lacks a creek or stream that 
could be used as a water source for 
incubation and rearing. A 
recirculating system was the 
answer devised by teacher Barry 
Barnes and Community Advisor 
Joe Kambeitz. 

Now the school's hatchery 
provides a unique educational 
experience for student volunteers 
- hands-on lessons in biology and 
chemistry (as well as basic 
housekeeping). 

Steveston has a large 
cistern, installed as the low point 
in the system. Refrigeration coils 
within the cistern can be used for 
cooling the water. From the 
cistern, water is pumped through · 
an ultra violet filter to pu1ify ~t, 
then piped out of the hatchery 
building to an enclosed tower. 
Within the tower, insulated to keep 
the water cool during fall and 
spring days, is a bio-ftlter where 
ammonia is converted to harmless 
nitrates. As it moves through the 
bio-filter, the water is aerated, too. 

After filtration, the water 
returns to the hatchery building 
and enters the header trough for 
distribution to heath trays or, once 
fry are free-swimming, Capilano 
troughs. 

As it leaves the Capilano 
troughs, the water passes through 
a filter box, equipped with several 
layers of a sponge-type filter that 
removes suspended solids. (The 
eggs in heath trays produce no 
suspended solids, so during 
incubation water goes straight 
back to the cistern.) 

The only real problem 
teacher Barry Barnes has found 
with the system is that, by the 
time it has been piped outdoors 
and through the bio-ftlter, the 
water can warm up a degree or 
two. This could be solved by 
putting the refrigeration coils in 
the header trough so that 

·temperature could be adjustedjust 
before the water is distiibuted. 

Steveston taps 
unusual sources 

D 

D 
D 

· With no creeks nearby, 
obtaining clel:ln, disel:lse-free w1:1te1 0 
to fill the system each year might 
present a problem. The closed 
system has a capacity of 13,638 o 
litres ~ collecting that much 
r~inwateF takes a long time, even 
on the wet west coast. The unusua: D 
nee<;l has prompted unusual 
donations: water for Steveston has 
been donated by two Greater 
Vancouver bottled water o 
companies - these fish go first-
class all the way! 

Students take 0 
charge D 

· All aspects ofoperating the 
hatchery arc taken on by student 
volunteers. They make a O 
commitment lo the routine that 
keeps this unique hatchery 
operating. Sediment filt.ers must br o 
changed and cleaned daily - it 
may be a housekeeping chore, but 
it is essential. Water chemistry is .D 
checked daily, t.00, with students 
monitoring pH, hardness, nitrites 
and nitrates as well as 
temperature. Ammonia is checked O 
daily duri0g the h1:1tch period, then 
three times a week until relul:ls~. 

Proof is in the fry 0 
Steveston's system works. 

The pl"Ojecl, which look its fin1l D 
eggs in the fall of 1987, can 
incubate and rear up to 25,000 
chinook each year. Chinook were O 
chosen because the eggs can be 
obtained from Chilliwack 
hatchery's late summer run in the o 
fall and the fry are just ready for _ 
release in May. That leaves the 
school with time to drain and clean 

0 the system before summer break. 

D 
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Directory 
The material in this 

booklet is extensive, but not 
exhaustive. For further 
information, you may contact the 
sources below. 

Fisheries and Oceans, 
Community Involvement Division 

#400 - 555 W. Hastings Street 
Vancouver, B.C. V6B 5G3 
(604) 666-6614 
Fax: 666-0292 

Community Advisors: -

Queen Charlotte Islands 
Fisheries and Oceans 
Box 208 
Queen Charlotte City, B.C. 
VOT 1SO 
Ph: 559-4 754 
Fx: 559-4678 

Northern coast & interior 
Fisheries and Oceans 
4721 B Lazelle Avenue 
Terrace, B.C. V8G 1 R2 
Ph: 635-2206 
Fx: 635-4935 

Smithers area 
Fisheries and Oceans 
Box 578 
Smithers, B.C. VOJ 2NO 
Ph: 84 7-5298 
Fx: 847-4723 

Central coast 
Fisheries and Oceans 
Box 340 
Hagensborg, 8.C. VOT 1 HO 
Ph: 982-2663 
Fx: 982-2439 

Northern-Vancouver Island, Knight 
Inlet 
Fisheries and Oceans 
Box 10 

. Port Hardy, B.C. VON 2PO 
Ph: 949-6181 
Fx:949-6755 

Central Vancouver Island (east 
coast). adjacent mainland 
Fisheries and Oceans 
148 Port Augusta Street 
Comox, B.C. V9N 7Z4 
Ph: 339-0431 
Fx: 339-4612 

Central Vancouver Island (west 
coast) 
Fisheries and Oceans 
60 Front Street 
Nanaimo, B.C. V9R 5H7 
Ph: 754-0303 
Fx: 754-0309 

Southern Vancouver Island 
Fisheries and Oceans 
4250 Commerce Circle 
Victoria, B.C. V8Z 4M2 
Ph: 363-0233 
Fx: 363-0336 

Sunshine Coast, Howe Sound 
Fisheries and Oceans 
Box 10 
Madeira Park, B.C. VON 2HO 
Ph: 883-2613 
Fx: 883-2152 

West Vancouver, Howe Sound 
Fisheries and Oceans 
610 Derwent Way 
New Westminster, B.C. V3M 5P8 
Ph: 666-6325 
Fx:666-7112 

Burrard Inlet, Indian Arm 
Fisheries and Oceans 
61 O Derwent Way 
New Westminster, B.C. V3M 5P8 
Ph: 666-07 43 
Fx: 666-7112 

North side Fraser River 
Fisheries and Oceans 
610 Derwent Way 
New Westminster. B.C. V3M 5P8 
Ph: 666-2870 
Fx: 666-7112 

South side Fraser River 
Fisheries and Oceans 
610 Derwent Way 
New Westminster, B.C. V3M 5P8 
Ph: 666-07 42 
Fx: 666-7112 

Central Interior, Boston Bar to 100 
Mile House 
Fisheries and Oceans 
1278 Dalhousie Drive 
Kamloops, B.C. V2C 6G3 
Ph: 374-9533 
Fx: 732-9771 

Northern Central Interior. Yukon 
Fisheries and Oceans 
2392 Ospika Boulevard 
Prince George, B.C. V2N 3N5 
Ph: 561-5533 
Fx: 561-5534 

97 


	Cover
	Table of Contents
	Introduction
	Education
	Equipment and Materials
	Fish Culture
	Habitat and Environment
	Management and People
	Research
	Water Quality



