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Included in this report are 4 chapters presented at the 55th Annual Northwest Fish 
Culture Conference, December 7–9, 2004, Victoria Conference Centre, Victoria, British 
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are not readily accessible.  This report compiles these chapters, unaltered, except for 
minor error corrections and changes in page, table, and figure formatting and numbers, to 
provide citable references for these research results.  All contributing authors from the 
original papers are included at the beginning of each chapter. 
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2 SHORT-TERM STORAGE OF ATLANTIC SALMON 
(SALMO SALAR) GAMETES AT 3 TO 12 ˚C OR 
FERTILIZED EGGS AT 8 ˚C 

J.O.T. Jensen*, W. Damon, and T. Sweeten.  Fisheries and Oceans Canada, Science 
Branch, Pacific Biological Station, Nanaimo, BC V9T6N7. 
Email: Ted.Sweeten@dfo-mpo.gc.ca 
W.E. McLean, 675 Hornet Way Comox, British Columbia, V9M 0A2. 
J. Lawrie and L. Beile, Stolt Sea Farm Inc. 1761 Redwood St., Campbell River, BC V9W 
3K7. 
M. Lawrie, Pan Fish Canada Ltd. 124-1334 Island Highway, Campbell River, BC V9W 
8C9. 
(*denotes first author) 
 

2.1 Abstract 
Atlantic salmon (Salmo salar) gametes were either stored separately at 3, 4, 6, 8, 9, and 
12 ˚C or eggs were fertilized (i.e. gametes combined and water activated) and stored at 8 
˚C.  In both methods storage duration intervals ranged from 6 to 72 hours.  Comparison 
of egg survival as a function of storage method, temperature, and duration showed 
significant differences which will help fish culturists make choices to optimize egg 
survival when transporting gametes under various conditions.  Storage of fertilized 
Atlantic salmon eggs at 8 ˚C showed no significant decrease in eyed egg survival for up 
to 72 hours (P=0.260) with the caution that mechanical shock sensitivity of eggs may 
affect egg survival for this method of storage. For practical purposes it is recommended 
that storage of Atlantic salmon gametes can safely be done at 3 ˚C for up to 48 hours with 
no expected loss in viability (P<0.001). 
 

2.2 Introduction 
Salmonid fish culturists have studied short-term gamete and fertilized egg storage for 
many years (Billard and Jensen 1996; Jensen and Alderdice 1984) with the general 
consensus that lower temperatures and short storage durations will improve egg survival.  
This study was undertaken to simulate the two methods of storage generally used by the 
Atlantic salmon farming industry in British Columbia, Canada.  The most common 
method is to store and transport gametes separately from the spawning site to the 
incubation facility followed by typical salmonid egg fertilization procedures.  The second 
method is to fertilize eggs at the spawning site and ship them in containers with water to 
the incubation facility.  Both of these methods are affected by temperature and storage 
duration.  In addition, the second method also can be influenced by mechanical shock 
sensitivity which starts to increase soon after fertilization.  Mechanical shock sensitivity 
of Atlantic salmon eggs was studied and reported elsewhere in these proceedings 
(Sweeten 2004) but was not included as a factor in the tests reported in this paper.  By 
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storing gametes at 3 to 12 ˚C or fertilized eggs at 8 ˚C for periods of 6 to 72 hours, we 
hoped to determine optimum conditions for storage and transport. 
 

2.3 Methods 
Atlantic salmon (Salmo salar) eggs and milt for this 2 year study were obtained from the 
Stolt Sea Farm freshwater broodstock site near Beaver Cove at Tsultan on the northeast 
coast of Vancouver Island, British Columbia, in November, 2002 and in November and 
December, 2003. 
 

2.3.1 Gamete Storage Experiment 
Gamete storage experiments were conducted in 2002 and 2003. In both years sub-
samples of eggs (i.e. about 1000 eggs from each female) were pooled from 10 females 
(i.e. about 400 ml eggs into 3 500-ml plastic containers; 1 container for each storage 
temperature) while milt was pooled (i.e. at least 10 mls from each male) from 6 males in 
2002 and from 10 males in 2003 (i.e. 10 ml milt into a Whirl-Pak; 1 Whirl-Pak for each 
storage temperature).  In 2003, the 3 storage temperatures used were 3, 6, and 9 °C, while 
in 2002, the storage temperatures used were 4, 8, and 12 °C.  Initially, the containers of 
gametes were placed in 3 insulated storage boxes, each with ice packs or water used to 
approximate one of the 3 storage temperatures for the 5-hr trip to the Pacific Biological 
Station (PBS), Nanaimo, British Columbia.  Here, the containers of gametes were placed 
in computer-controlled water baths set to the 3 test storage temperatures.  At storage 
times of 6, 12, 24, 48, and 72 hr post-spawning (time zero was set at the time when the 
last gamete sample was obtained from the spawners; total spawning time was about 1 hr), 
samples of about 100 eggs per replicate (i.e. 3 replicates in 2002 and 4 replicates in 2003) 
were gently removed from each storage temperature and were fertilized with 0.3ml milt 
per replicate.  Eggs were placed in divided compartments in a Heath Techna vertical flow 
incubator tray (Billard and Jensen 1996), with water at 8˚C, and egg survival to the late 
eyed stage was determined. 
 

2.3.2 Fertilized Egg Storage Experiment 
From the same pooled eggs and pooled milt used in the gamete storage experiment 
above, a total of 15 (in 2002) and 20 (in 2003) 500-ml containers of pooled eggs (i.e. 20 
ml or about 100 eggs per container) were each fertilized with 0.5 ml of pooled milt and 
activated with freshwater at approximately 8 ˚C.  After one minute, water was decanted 
and 500 ml of clean freshwater was used to top-up the containers, which were then sealed 
with a plastic lid.  All containers were then placed in an insulated box and transported to 
PBS where the containers were removed from the transport box and placed in Heath 
Techna vertical flow trays with flowing water at 8 ˚C.  Eggs from 3 replicate containers 
at 6, 9, 12, 18, and 24 hour intervals (2002) and 4 replicate containers (2003) at 6, 12, 24, 
48, and 72 hour intervals were removed from the vertical flow trays and the eggs were 
poured into divided compartments in a Heath Techna vertical flow tray at 8 ˚C.  During 
all stages of storage and transport, eggs were carefully handled to minimize the impact of 
mechanical shock.  Egg survival to just prior to hatch was determined. 
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2.4 Results 

2.4.1 Gamete Storage Experiment 
The effects of gamete storage on eyed egg survival were determined for each storage 
temperature and duration (Table 2-1). The eyed egg survival data were modeled for each 
storage temperature to yield the linear regression equations (Table 2-2). 
 
Table 2-1. Atlantic salmon eyed egg survival after separate gamete storage at 3 to 12 °C for storage 
intervals of 6 to 72 hr, from experiments conducted in 2002 ( 3 replicates) and in 2003 (4 replicates). 

2002 2003 

Storage 
Time (hr) Replicate 

4 °C 
eyed egg 
survival 

(%) 

8 °C eyed 
egg 

survival 
(%) 

12 °C 
eyed egg 
survival 

(%) 

3 °C Egg 
Survival 

(%)    
Dec 

6 °C Egg 
Survival 

(%)    
Nov 

6 °C Egg 
Survival 

(%)    
Dec 

9 °C Egg 
Survival 

(%)   
Nov 

6 °C Egg 
Survival 

(%) 
 Dec 

6 1 65.5 88.7 83.6 80.0 72.9 86.5 76.2 78.9 
6 2 71.0 82.5 88.4 81.3 77.3 82.4 69.7 82.2 
6 3 83.3 90.0 77.9 79.9 77.7 77.6 73.9 77.2 
6 4    77.9 79.2 84.4 77.9 74.6 
12 1 88.5 89.4 94.0 82.9 69.9 86.4 74.7 83.6 
12 2 88.1 96.1 90.7 79.3 67.3 84.8 71.1 89.7 
12 3 85.9 95.5 83.5 86.5  82.2 75.4 82.1 
12 4    66.7 74.0 78.2 81.9 77.1 
24 1 70.2 85.0 61.1 74.1 70.9 91.5 68.1 75.2 
24 2 81.5 94.3 55.1 80.5 69.3 86.9 60.4 80.0 
24 3 63.6 86.8 61.6 76.3 74.7 89.6 71.7 73.6 
24 4    77.3 68.2 82.0 70.0 84.8 
48 1 63.9 82.6 19.1 78.4 53.6 78.6 41.9 56.7 
48 2 50.9 89.3 7.7 77.1 63.9 76.2 58.5 56.0 
48 3 64.4 86.9 14.9 82.2 55.8 72.0 38.2 61.0 
48 4    70.7 55.8 67.7 44.1 61.9 
72 1 75.3 42.1 0.0 53.8 42.0 44.8 40.9 37.4 
72 2 75.0 43.6 0.0 56.5 39.2 51.4 32.4 19.4 
72 3 68.8 54.2 0.0 46.0 44.1 60.7 36.0 28.3 
72 4    65.2 41.0 47.4 45.6 26.1 

Table 2-2.  Linear regression model coefficients for eyed egg survival (%) versus separate gamete storage 
duration (hr) at 3, 4, 6, 8, 9, and 12 °C. 

Storage 
temperature (˚C) Linear equation R2 N 

3 Y = -0.3228x + 84.073 0.5680 20 
4 Y = -0.1663x + 78.448 0.1514 15 
6 Y = -0.5019x + 85.949 0.6916 40 
8 Y = -0.5883x + 99.527 0.6745 15 
9 Y = -0.7063x + 85.749 0.8405 40 
12 Y = -1.4369x + 95.730 0.9348 15 

Figure 2-1 illustrates the effect of storage temperature and duration, with the linear 
regression lines for 3, 9, and 12 ˚C emphasizing the increase in rates of decline of gamete 
viability at higher storage temperatures. 
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Figure 2-1.  Atlantic salmon eyed egg survival (%) for gametes stored at 3 to 12 °C from 6 to 72 hours.  
Three linear regression relationships (i.e. at 3, 9, and 12 °C) are included. 

 
Each of the linear regression equations in Table 2-2 were used to calculate 50 % egg 
survival which yielded the following log-linear relationship. 
 
y(time to 50 % egg survival; Lnhr) = -0.3504x(˚C) + 5.5875; R2 = 0.8038; n=6 Eq. 1 
 
Only the 8 and 12 °C equations (Table 2-2) were used to, predict 90 % survival. The 
equation for this relationship is: 
 
y(time to 90 % egg survival; Lnhr) = -0.1563x(˚C) + 5.4091; R2 = 1; n=2  Eq. 2 
 
A comparison of Atlantic salmon egg survival and chum salmon (Oncorhynchus keta) 
gamete storage times to 50 and 90% fertilization success (FS) (Jensen and Alderdice 
1984) was made (Fig. 2-2).  This comparison indicates similar trends for the 2 species, 
with Atlantic salmon gametes showing a more rapid loss in egg survival than chum 
salmon gametes. 
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Figure 2-2.  Time to 90 and 50% egg survival (Atlantic salmon) and fertilization success (chum salmon) 
for gametes stored from 3 to 12 °C. 

 

2.4.2 Fertilized Eggs Storage Experiment 
Eyed egg survival was determined for each storage temperature and duration (Table 2-3). 
Reasons for the “outlier” data with low survival were not determined may possible be 
caused by mechanical shock or unknown incubation problems. 

Table 2-3.  Atlantic salmon eyed egg survival (%) for fertilized eggs stored at 8 °C for durations of 6 to 72 
hr in 2002 and 2003.  

 
  2002 2003 

Storage 
Time 
(hr) 

Replicate Eye egg 
survival 

(%) 

Eyed-egg 
survival 

(%) 

"Outlier" Eyed-
egg survival 

(%) 
6 1 80.0 80.2  
6 2 80.7 78.6  
6 3 81.9 79.1  
6 4  71.7  
9 1 82.6   
9 2 81.8   
9 3 76.2   
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  2002 2003 
Storage 
Time 
(hr) 

Replicate Eye egg 
survival 

(%) 

Eyed-egg 
survival 

(%) 

"Outlier" Eyed-
egg survival 

(%) 
12 1 86.3 73.9  
12 2 81.0  29.5 
12 3 66.1  28.7 
12 4  79.2  
18 1 80.6   
18 2 84.5   
18 3 85.6   
24 1 82.6 74.2  
24 2 82.5  17.8 
24 3 80.5  40.9 
24 4  75.9  
48 1  71.6  
48 2  62.6  
48 3   29.5 
48 4  79.0  
72 1  84.0  
72 2  78.2  
72 3  78.3  
72 4  78.2  

Data indicate that, with careful handling and incubation, newly fertilized Atlantic salmon 
eggs can be safely stored in water at 8 ˚C (i.e. 20 ml eggs in 500 ml water) for up to 72 hr 
with no apparent decrease in egg survival (Fig. 2-3). 
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Figure 2-3.  Atlantic salmon eyed egg survival after fertilized egg storage at 8 °C for 6 to 72 hr. A group of 
5 data points were considered outliers, likely affected by mechanical shock or unknown incubation 
problems. 

 

2.5 Discussion 
Storage of Atlantic salmon gametes at temperatures ranging from 3 to 12 ˚C for storage 
intervals of up to 72 hours yielded typical decline in viability, indicated by eyed egg 
survival, as storage temperatures and storage duration increased.  This is evidenced by 
the general increase in negative slopes of the linear regression equations with increased 
storage temperature (Table 2-2 and Fig. 2-1).  The 90 and 50% eyed egg survival log-
linear relationships (i.e. Eq. 1 & 2) when plotted for each storage temperature showed 
similar trends to those reported for chum salmon by Jensen and Alderdice (1984).  The 
comparison (Fig. 2-2) of the 2 species indicated that stored Atlantic salmon gametes 
decline in viability more rapidly than chum salmon gametes at all storage temperatures 
and durations.  For practical purposes it is recommended that storage of Atlantic salmon 
gametes can safely be done at 3 ˚C for up to 48 hours with no expected loss in viability 
(i.e. ANOVA of 3˚C gamete storage eyed egg survival data from Table 2-1 showed no 
significant difference P<0.001 up to 48 hr). 
 
Storage of fertilized Atlantic salmon eggs at 8 ˚C showed no significant decrease in eyed 
egg survival for up to 24 hours in 2002 (i.e. P=0.724; data in Table 2-3) and for up to 72 
hours in 2003, with 5 outlier data points excluded (see Fig. 2-3), (i.e. P=0.260; data in 
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Table 2-3).  Outlier data points, highlight reduced survival can occur due to unknown 
factors other than storage temperature and duration, and emphasizes the greater risks 
associated with fertilized egg storage method.  Hence, this method of storage is 
considered inferior to storing gametes separately.  It is recommended that the best method 
of short-term storage of Atlantic salmon is to store gametes separately, cooled to 3 ˚C. 
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3.1 Abstract 
 
Atlantic salmon eggs (Salmo salar), from fertilization to hatch, were exposed to controlled levels 
of mechanical shock utilizing a device designed to drop eggs from a maximum height of 1 meter. 
Groups of eggs, incubating at 8 °C, were exposed to a series of standardized shock intensities 
over many intervals. After shocking, egg mortality and normal embryo development were 
monitored. The lethal drop (LD) heights causing 50% and 10% mortality (i.e. LD50 and LD 10) 
were determined and compared to Pacific salmon eggs. In addition, LD10 velocities (i.e. the 
velocity reached when eggs are dropped from a height that causes 10% mortality) were 
calculated to assess “safe” levels of exposure to peak particle waves generated by seismic shock 
events. Atlantic salmon egg shock sensitivity falls within the levels reported for Pacific salmon 
eggs. Un-activated Atlantic salmon eggs are the third most sensitive of the species tested. During 
the early phase of embryonic development (i.e. 0 to 60 ATUs), Atlantic salmon eggs are more 
resistant to shock than most other salmon eggs tested. However, during the most sensitive period 
of development (i.e. from 70 to 200 ATUs), Atlantic salmon eggs exhibited the second highest 
shock sensitivity of all the species tested, with a minimum LD10 velocity value of 20.9 cm/sec. 
 

3.2 Introduction 
 
During incubation, salmonid eggs are sensitive to mechanical shock (vibration, tumbling, 
pouring, and handling). The level of shock sensitivity increases to a maximum during yolk 
overgrowth or epiboly, followed by a decrease in shock sensitivity after yolk plug closure. By 
the eyed stage (i.e. visible well-pigmented eye in the embryo) the eggs are fairly resistant to 
shock, and thus can be handled to allow dead egg removal for fungus control and for inventory 
enumeration. 
 
Shock sensitivity relationships have been determined for chinook (Oncorhynchus tshawytscha), 
chum (O. keta), coho (O. kisutch), pink (O. gorbuscha), sockeye (O. nerka), and rainbow or 
steelhead trout (O. mykiss), by Jensen and Alderdice (1983, 1989). The same techniques and 
equipment used by Jensen and Alderdice (1983, 1989) were used to determine Atlantic salmon 
(Salmo salar) egg shock sensitivity relationships. It is hoped that this research will improve our 
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understanding of mechanical shock sensitivity of Atlantic salmon eggs and that our findings will 
be of assistance to fish culturists. 
Materials and methods 
 

3.3 Methods 

3.3.1 Mechanical Shock Device 
 
A device described by Jensen and Alderdice (1983, 1989) was used to drop 30 to 50 eggs up to 
100 cm to determine shock sensitivity (Fig. 3-1). A sample of eggs drained of water was placed 
in a 60 mm petri dish, which was then placed in the carrier and dropped (Fig. 3-2). The eggs 
were removed from the carrier (Fig. 3-3) and placed in a Plexiglas compartment of a vertical 
flow incubation tray (Heath Techna Inc.)(Fig. 3-4). All tests were conducted at the Rosewall 
Creek hatchery (central Vancouver Island); a Salmon Enhancement facility noted for a good 
ground water supply and constant water temperature. 

 
Figure 3-1.  Mechanical shock device for salmonid eggs (from Jensen and Alderdice, 1983).  a: handle for raising 
carrier; b: metal carrier; c: slot for petri dish in position; d: release trigger; e: release platform; f: slot for adjustment 
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of release platform height; g: stage frame; h: metal guide wires; i: 100-cm scale; j: base plate.  Inset: showing guide 
wire passing through Teflon sleeve. 

 

 
Figure 3-2.  Ready to Drop. 

 

 
Figure 3-3.  After drop. 
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Figure 3-4.  Eggs placed into divided Heath Tray. 

 

3.3.2 Water Temperature Measurement 
 
Water temperature was measured and logged every 15 minutes by an Onset TidbiT portable 
temperature logger which was placed in the top of the vertical flow incubation stack. The daily 
average water temperature, in °C, was summed over the length of the experiment to get 
accumulated temperature units (ATUs; °C -days). 
 

3.3.3 Shock Sensitivity 
 
Gametes for the test came from Pan Fish broodstock site at Glacial Bay in Jervis Inlet on the 
Sunshine Coast. They were kept separate and cool (3 °C) until fertilized 4-8 hours after 
collection. The eggs and sperm from 5 females and 5 males were pooled. The eggs were 
activated and incubated in 8 °C at Rosewall Creek Hatchery. Water activation times for the 
initial shock tests up to 4 hours were staggered to ensure that each shock test, including each 
replicate, was conducted at the same exact time post-activation. For shock tests performed for 
durations longer than 4 hours post-activation, eggs and sperm were placed into two Heath trays, 
from which eggs were gently removed for shock tests for the remainder of the egg incubation 
period. A test of fertilized but un-activated “green” eggs was also included. 
 
For control samples (i.e. to account for any mortality occurring from the procedures required to 
move eggs to and from the incubator tray and the shock device), the eggs were placed in the 
carrier, but not dropped. For the shock samples, five drop heights were used at each time interval 
(5-100 cm).  In 2002, 2 replicates were used for both controls and test drop heights, while in 
2003, 5 replicates were used for controls and 3 replicates for test drop heights.  The control and 
test eggs were placed in divided heath trays, with a flow of 10 lpm.  In the first year of tests, eggs 
were fertilized on Nov 19, 2002 and monitored until March 20, 2003 at an average temperature 
of 8.06 °C.  In the following year fertilization occurred on November 25, 2003 and eggs were 
monitored until March 22, 2004 at an average temperature of 8.4 °C  
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Because of problems with egg fertilization in 2002, and hence large variation in mortality among 
control and shock tests, only the data beginning at 70 ATU (8 to 30, 40, 50, 51, 55, 56 days) 
were used to determine LD50s.  In 2003, the first 7 days of the experiment (i.e. post-activation 
times of 5, 10, 15, 30 minute, 1, 2, 4, 8, 12, 24 hour, 2-7 day) were re-tested. 
 
Probit analyses was used to generate LD50s (Jensen and Alderdice 1983) for mortality data from 
fertilization to 300 ATUs. LD10s (i.e. drop height causing 10% mortality) were calculated from 
the probit slopes and y-intercepts. The LD10s were used to determine the corresponding final 
velocity reached by the eggs (i.e. LD10 velocity) (Jensen 2003). 
 
A curve fitting program (TableCurve 2D by Systat Software Inc.) was used to fit a log-linear 
relation between y (LD50cm) and x (ATU): y = a+blnx for the first 60 ATU. After 70 ATU a 
parabola: (y = a + bx+cx2) was fitted to the data. The latter model was used to determine the 
point of minimum drop height or maximum sensitivity (Jensen 2003) for the developing eggs. 
 

3.4 Results 
 
Shock sensitivity data from two years (2002/03 and 2003/04) was pooled to calculate LD50 as a 
function of time (Table 3-1, Fig. 3-5 and Fig. 3-6). Fertilized but un-activated eggs (i.e. not 
placed in water “green” egg) were more sensitive to shock (LD50 = 60.6 cm) than fertilized eggs 
that had been water activated for 5 minutes (LD50 = 97.0 cm).   
 
Table 3-1.  LD50 (drop height; cm) and lower and upper 95 confidence limits (95% CL) for fertilized, un-activated 
Atlantic salmon eggs 

Species LD50 
(cm) 95% CL - 95% CL + 

Atlantic salmon 60.6 56.5 64.9 
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Figure 3-5.  Atlantic salmon egg LD50 log-linear shock sensitivity curve (solid line) and lower (dashed line) and 
upper (dotted line) 95% confidence limits from 0 to 60 ATUs at 8.2 °C. 

 
Over the first week of development (60 ATUs or approximately 7.3 days at 8.2 °C), shock 
sensitivity steadily increased (i.e. LD50 decreased). The linear relationship is as follows 
 
Y = 63.9396 - 9.6211LnX       R2 = 0.8893; n=16 
 
where Y = LD50 (cm) and X = ATUs (°C-days). 
 
The un-activated group (LD50 = 60.6 cm) is indicated in Fig. 3-5 as “Green egg” and was not 
included in this relationship. 
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Figure 3-6.  Atlantic salmon egg LD50 (cm) parabolic shock sensitivity curve from 70 to 200 ATUs (°C-days). 

Figure 3-6 illustrates the parabolic relationship between 70 and 200 ATUs (approximately 8.5 d 
and 24.4 d at 8.2 °C) and the equation is as follows 
 
Y = 287.2690 - 4.5453X + 0.0183 X2      R2 = 0.8893; n=16 
 
where Y = LD50 (cm) and X = ATUs (°C-days). 
 
At the time of minimum LD50 or maximum sensitivity, the above relationship predicts that 50% 
mortality occurs if the eggs are dropped 5.6 cm; this corresponds to a velocity at impact of 104.8 
cm/s. A similar analysis of LD10 as a function of ATU showed that the minimum LD10 
occurred at 128 ATU at a drop height of 0.22 cm. This corresponds to a velocity at impact of 
20.8 cm/s. 
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3.5 Discussion 
The results allow comparison of the shock sensitivity of Atlantic salmon and Pacific salmon eggs 
(Jensen and Alderdice 1989).  For fertilized un-activated eggs Atlantic salmon egg sensitivity 
falls between coho and chinook salmon (Table 3-2 and Fig. 3-7). This comparison indicates that 
un-activated Atlantic salmon eggs are among the most sensitive species of those tested and 
should be handled very gently prior to fertilization and activation with water. 
 
Table 3-2.  Un-activated salmon egg LD50s (cm) and 95% confidence limits (95% CL). 

Species LD50 
(cm) 95% CL - 95% CL + 

Chum 35.5 29.0 43.5 
Coho 54.2 47.2 62.1 
Atlantic salmon 60.6 56.5 64.9 
Chinook 78.5 71.4 87.1 
Steelhead 89.2 74.1 107.3 
Sockeye 106.2 76.6 149.9 
Pink  112.0 47.1 129.2 

 

0

20

40

60

80

100

120

Chum Coho Atlantic salmon Chinook Steelhead Sockeye Pink 

LD
 5

0 
(c

m
)

 
Figure 3-7.  Comparison of LD50s (cm) between Pacific and Atlantic salmon un-activated eggs. 

 
During early development (up to 60 ATUs), all species (note the models for the Pacific salmon 
species were newly generated, with time periods [i.e. ATUs] indicated and no exclusion of 
outliers, from the same raw data used by Jensen and Alderdice 1989) show a steady increase in 
sensitivity, indicated by a linear decrease in LD50 as a function of the log of ATU.  Model 
coefficients for the different species are shown in Table 3-3 and predicted LD50 values are 
plotted in Figs. 3-8 and 3-9. 
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Table 3-3.  Shock sensitivity models for Pacific and Atlantic salmon eggs.  Y represents LD50 (cm) and X 
represents ATUs (°C-days). 

Model coefficients 
Time 
period n R2 Species Model type 

a b c ATUs   
y=a+blnx 89.4382 -22.0048  0 - 50 14 0.874338Chinook y=a+bx+cx2 198.3172 -3.9866 0.0175 50 - 230 14 0.780007
y=a+blnx 56.8127 -10.5833  0 - 40 13 0.529776Chum y=a+bx+cx2 72.5059 -1.3262 0.0061 60 - 240 20 0.971673
y=a+blnx 36.9368 -10.5855  0 - 50 16 0.686024Coho y=a+bx+cx2 117.5622 -2.4077 0.0114 50 - 180 5 0.895060
y=a+blnx 55.3994 -16.2661  0 - 30 13 0.762435Pink y=a+bx+cx2 77.1386 -1.5710 0.0093 30 - 190 17 0.809475
y=a+blnx 90.0410 -18.9923  0 - 50 16 0.733368Sockeye y=a+bx+cx2 144.0172 -2.6759 0.0134 50 - 200 16 0.915053
y=a+blnx 40.5516 -10.2118  0 - 40 15 0.664983Steelhead y=a+bx+cx2 94.7830 -2.5010 0.0159 40 - 150 12 0.867079
y=a+blnx 63.9363 -9.6211  0 - 60 16 0.889292Atlantic 

salmon y=a+bx+cx2 287.2690 -4.5453 0.0183 70 - 200 16 0.936795
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Figure 3-8.  Predicted LD50 log-linear curves for salmon eggs from 0 to 70 ATUs. 
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Figure 3-9.  Predict LD50 parabolic curves for salmon 30 to 250 ATUs. 

 
The minima (i.e. point of maximum egg shock sensitivity) were determined for Pacific and Atlantic salmon eggs 
(Table 3-4) from the parabolic equations (Table 3-3). 
 
Table 3-4.  Minimum LD50s (cm) for salmon eggs.  Note: negative values for chinook, coho, and steelhead indicate 
that these species are extremely sensitive at this time of development. 

Species Minimum LD50 
(cm) ATUs (C°-days) 

Chinook -28.60 113.84 
Chum 0.54 108.53 
Coho -9.57 105.61 
Pink 10.88 84.35 

Sockeye 10.79 99.58 
Steelhead -3.53 78.62 

Atlantic salmon 5.49 123.99 
 
A comparison of minimum LD10 velocities (i.e. the most shock-sensitive stage determined from 
LD10 and calculated in cm/sec) for Pacific salmon eggs (Jensen 2003) and Atlantic salmon eggs 
is shown in Table 3-5. 
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Table 3-5.  Minimum LD10 velocity (cm/sec) for Pacific and Atlantic salmon eggs. 

Species Minimum LD10 
Velocity (cm/sec) ATUs (C°-days) 

Chinook 14.6 110.8 
Chum 41.6 99.8 
Coho 23.1 94.7 
Pink 62.3 87.8 

Sockeye 83.8 90.6 
Steelhead 33.2 78.3 

Atlantic salmon 20.8 128.0 
 
From Table 3-5, it is apparent that Atlantic salmon are the second most sensitive species tested.  
Yet this still is 16 times the peak particle velocity of 1.3 cm/sec recommended by Wright and 
Hopky (1998) as a safe criterion for seismic shock. 
 
In summary, Atlantic salmon egg shock sensitivity falls within the levels reported for Pacific 
salmon eggs (Jensen and Alderdice 1983 and 1989, Jensen 2003).  Un-activated Atlantic salmon 
eggs are the third most sensitive of those species tested (Table 3-2 and Fig. 3-7).  During the 
early phase of embryonic development (i.e. 0 to 60 ATUs), Atlantic salmon eggs appear to be 
more resistant to shock than most other salmon eggs tested (Table 3-3, Fig. 3-8).  Finally, during 
the most sensitive period of development (i.e. from 70 to 200 ATUs) Atlantic salmon eggs 
exhibited the second highest shock sensitivity with a minimum LD10 velocity value of 20.9 
cm/sec (Table 3-5). 
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4.1 Abstract 
 
Small batches of eggs from Atlantic salmon (Salmo salar), chinook (Oncorhynchus 
tshawytscha) and steelhead (Oncorhynchus mykiss) were mechanically shocked and 
subsequently exposed to different iodine concentrations.  The test was designed to 
simulate stressors experienced by eggs during iodophor treatments in production-
hatcheries.  Mortality was assessed during incubation and lethal drop heights causing 
50% and 10% mortality (i.e. LD50 and LD10) were calculated at each iodine 
concentration.  Another issue regarding iodine usage was also addressed; loss of iodine 
during large-scale treatments can allow pathogens to survive.  To investigate this, iodine 
was measured during a typical disinfection procedure.  In spite of a significant loss of 
iodine after 10 minutes (44%), the treatment was judged to be effective.   
 

4.2 Introduction 
 
Iodophors are widely used in fish culture to disinfect eggs.  The active ingredient, 
organically bound iodine (PVP-I), has the same broad spectrum properties as elemental 
iodine but is relatively non-toxic to fish eggs (Nelson 1974).  For this reason it is 
sometimes called “tamed iodine”.   
 
In the industry, a wide range of treatment concentrations (50 to 300 mg/L) and exposure 
times (10 to 60 minutes) are used (Chapman and Rogers 1992).  Also iodophors are 
commonly applied one or more times between egg fertilization and the late-eyed stage.  
Eggs can be dipped into prepared solutions or iodophor can be pumped to the incubators.   
 
Treatment standardization is difficult because of two site-specific factors.  Firstly, iodine 
is rapidly consumed by organic material so the concentration at the surface of the egg is 
affected by background water quality (Jensen et al. 1996) and by egg handling procedures 
(Chapman and Rogers 1992).  Secondly, the frequency and timing of treatments depends 
on the nature of the hatchery program.  For example one of the most common 
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applications is to protect a facility from diseases carried by imported eggs.  In this case 
eggs must be disinfected before they are placed in incubators or come in contact with the 
hatchery water supply. This often results in the difficult task of treating and handling 
newly fertilized eggs.  Treatment procedures that require handling of eggs in the hours 
following fertilization can have unexpectedly negative effects due to mechanical shock 
(Jensen et al. 1981).  In our tests, eggs were subjected to double stresses of mechanical 
shock and iodophor exposure at this critical stage of development.  This problem is the 
focus of the present study.  
 
Loss of iodine during egg treatments is another problem addressed in this study.  In vitro 
studies have shown that a concentration of 25-35 mg/L is required for 5 minutes to kill 
most common viral, bacterial and fungal pathogens (Amend and Pietsch 1972; Ross and 
Smith 1972; Desautels and MacKelvie 1975).  In a hatchery, exposure at the surface of 
the egg must exceed these levels to be effective.  Iodine concentrations were measured 
during a typical iodophor treatment in a production hatchery to assess the actual exposure 
of the eggs.   
 

4.3 Methods 
 
Trials were carried out at the Big Qualicum, Rosewall Creek and Puntledge hatcheries 
operated by Fisheries and Oceans Canada.  Tests were performed over a number of years 
on chinook (Oncorhynchus tshawytscha), steelhead (Oncorhynchus mykiss) and Atlantic 
salmon (Salmo salar) eggs.   
 
Iodophors were supplied by Argent Chemicals Ltd. (Argentyne) and by Syndel Ltd. 
(Ovadine).  Both chemicals are buffered and have 1% available iodine (10,000 ppm).  
Treatment solutions were prepared by dilution to get the desired concentration and then 
checked by titration with standard sodium thiosulfate.  All concentrations are reported in 
mg/L of available iodine. 
 
Fertilized eggs were subjected to a standardized mechanical shock using an apparatus 
developed by Jensen and Alderdice (1983, 1989).  To deliver a standard shock, about 30 
eggs are gently transferred to a petri dish and water is carefully decanted.  The petri dish 
is then fixed to a steel holder that is free to slide on a vertical track from a fixed height.  
A trigger releases the egg holder so that it free-falls to strike the base of the apparatus.  
The shock is reproducible and its magnitude is a function of the height of the drop.   
 
To measure the effects of shock, samples of eggs were dropped from heights of 0, 20, 40, 
60, 80 and 100 cm.  At least 3 replicates were tested at each drop height.  After the shock, 
eggs were gently poured from the petri dishes to individual cells of a divided Heath tray 
containing water.  Heath trays are the standard vertical-flow incubation system used in 
many federal government hatcheries.  The dividers consist of a 20 cell Plexiglas frame 
with fly screen bottom that fits snugly into the Heath tray.  Performing this series of 
shocks took approximately 12 minutes.  When a series was complete the divider was 
lifted out of the Heath tray containing water and transferred to a Heath tray containing an 
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iodophor solution of known concentration.  After 10 minutes exposure to iodine, the 
water flow to the tray was started and the iodine was quickly diluted.   
 
To quantify the combined effect of mechanical shock and iodine exposure, the lethal 
drop-height to cause 50 % mortality (LD50) was calculated for each iodine concentration.  
A high LD50 value means that the eggs are resistant to mechanical shock.  A decrease in 
the LD50 as a function of iodine concentration means that the eggs are more sensitive to 
mechanical shock if it is immediately followed by exposure to iodine.  Probit analysis 
(Jensen and Alderdice 1983) was used to calculate LD50, LD10 and 95% confidence 
intervals.  
 

4.3.1 Big Qualicum: 1983/84 
In 1983 chinook eggs were tested 2.75 hours after fertilization (i.e. after the start of 
development).  Eggs were shocked (at drop-heights of 0, 20, 40, 60, 80 and 100 cm) and 
then exposed to a 0 mg/L solution, 84 mg/L (Argentyne) and 122 mg/L (Ovadine) for 10 
minutes.  Live and dead eggs were accurately counted at the eyed stage (42 days post 
fertilization) and mortality rates were assessed.   
 
In 1984 a similar test was performed with steelhead eggs (2.75 hours after fertilization).  
Eggs were shocked at the standard drop-heights (3 replicates) and then exposed to 
Ovadine solutions with available iodine concentrations of 0, 105, 214, 325 and 438 mg/L.  
Egg mortality was assessed at the eyed stage.   
 

4.3.2 Rosewall Creek: 2002 
Exploratory tests were performed with Atlantic salmon eggs at Rosewall Creek in 2002.  
Eggs were supplied by Pan Fish Canada Ltd.  One hour after fertilization, eggs were 
subjected to 0 and 20 cm drops and then exposed to Ovadine concentrations of 0 and 100 
mg/L for 10 minutes.  Three replicates were tested for each treatment combination.  
Iodine concentrations were not measured in 2002 – values were calculated from dilution 
of stock (i.e. nominal values). 
 
Another test was performed in 2002 where the order of the stressors was changed -- eggs 
were first exposed to iodine (0 and 100 mg/L) and then shocked (drop heights of 0 and 20 
cm).  In this test a procedure called “zero time disinfection” was used.  Milt was added to 
the eggs and after 2 minutes of contact time the mixture was transferred to Ovadine (100 
mg/L).  In this procedure, egg activation (and the beginning of development) occurs in 
the Ovadine solution instead of water.  After 10 minutes eggs were removed and shocked 
(0 and 20 cm).   
 

4.3.3 Rosewall Creek: 2003 
A full series of tests were performed on Atlantic salmon and chinook eggs in 2003.  
Atlantic salmon eggs were supplied by Pan Fish Canada Ltd. while the chinook eggs 
came from Big Qualicum Hatchery.  Tests were similar to the steelhead treatments at Big 
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Qualicum in 1984 except that testing began 1 hour after fertilization.  Eggs were shocked 
at the standard series of drop-heights and then exposed for 10 minutes to iodine 
concentrations of 0, 106, 208, 312 and 421 mg/L for Atlantic salmon and 0, 87, 185, 285 
and 397 mg/L for chinook.  Five replicates were performed for each control group (0 cm 
drop).  Egg mortality was assessed until after hatch.  Atlantic salmon eggs were fertilized 
on Nov 18, 2003 and mortality was assessed until Feb 18, 2004 (779 °C days).  Chinook 
eggs were fertilized on Oct 24, 2003 and the final assessment of mortality was made on 
Dec 29, 2003 (566 °C days).  The average incubation temperature was 8.5 °C.   
 

4.3.4 Puntledge Hatchery: 2003 
The iodine concentration experienced by the eggs during a production scale iodophor 
treatment was measured at Puntledge Hatchery on October 21.  The standard treatment 
used at this hatchery is “zero-time disinfection” for 10 minutes at a nominal iodine 
concentration of 100 mg/L.  To measure the actual exposure the following procedure was 
followed.  Trays in a Heath stack were pulled forward out of the water flow, thoroughly 
drained and then filled to the brim with Ovadine solution (nominal 100 mg/L).  Trays 
were loaded with eggs in sequence starting with the second tray.  Batches of 8500 
chinook eggs were mixed with 15 mL of milt and allowed to stand for 2 minutes.  The 
egg milt mixture was not rinsed but poured directly into a tray containing Ovadine.  With 
several minutes between each tray loading (to allow sampling), this procedure was 
followed until all seven trays were loaded.  After a treatment time of 10 minutes, samples 
were slowly siphoned from within the egg mass for titration.  Samples were taken from 
tray 1 (no eggs), tray 2, tray 5 and tray 8.  For this test, the egg treatment was extended to 
20 minutes and further samples were taken.  After the final sample, trays were eased back 
into the stack and the iodine was quickly diluted by the water flow (15 L/min).  
 
Loss of iodine in tray 1 showed the effects of background water quality, whereas losses in 
the other trays show the combined effect of excess milt, ovarian fluid and organic 
contamination from the eggs and water.  A further test was performed to measure the 
losses due to excess milt. 
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4.4 Results 
 
Egg mortality is shown for each replicate for Big Qualicum Chinook 1983, Big Qualicum 
Steelhead 1984 (Table 4-1) and for Rosewall Atlantic Salmon 2003 and Rosewall 
Chinook 2003 (Table 4-2).  In these tests, mechanical shock (drop heights cm) was 
followed by exposure to iodine (available iodine mg/L). 
 
Table 4-1.  Mortality (%) for Big Qualicum chinook (1983) and steelhead (1984) eggs subjected to 
mechanical shock (Drop Height; cm) followed by exposure to iodine (mg/L).  Each treatment has 3 
replicates. 

 
Big Qualicum Chinook 1983   
 Iodine concentration mg/L 
Drop Height cm 0 mg/L 84 mg/L 122 mg/L 
0 cm 0.00 0.00 4.00 
 7.69 0.00 0.00 
 0.00 0.00 0.00 
20 cm 29.17 34.62 59.09 
 16.00 77.27 60.00 
 26.09 34.78 53.57 
40 cm 52.00 79.17 76.92 
 74.07 45.83 73.91 
 80.77 68.18 77.27 
60 cm 30.77 92.31 61.54 
 64.29 54.17 95.65 
 93.10 88.89 92.00 
80 cm 77.78 95.83 91.30 
 78.57 84.62 95.83 
 82.14 100.00 96.00 
100 cm 92.00 100.00 96.00 
 63.64 96.00 100.00 
 73.91 85.71 100.00 
Big Qualicum Steelhead 1984     
 Iodine Concentration mg/L 
Drop Height cm 0 mg/L 105 mg/L 214 mg/L 325 mg/L 438 mg/L 
0 cm 11.36 7.14 0.00 12.50 14.29 
 8.57 6.67 10.81 4.76 33.33 
 6.06 2.78 2.56 6.25 25.00 
20 cm 18.60 13.79 18.75 43.75 42.86 
 57.89 21.88 36.11 18.60 58.33 
 26.32 11.76 30.56 31.43 79.31 
40 cm 18.60 17.24 40.00 44.74 71.05 
 57.89 27.78 48.65 33.33 51.43 
 26.32 47.50 40.74 54.29 83.87 
60 cm 31.91 82.86 28.57 93.48 72.41 
 40.00 50.00 51.02 51.61 70.45 
 58.82 65.79 60.00 65.63 68.42 
80 cm 52.94 60.53 63.64 67.50 96.88 
 80.65 70.00 84.62 70.00 65.52 
 82.86 75.51 92.31 85.37 90.32 
100 cm 89.13 75.86 92.68 85.29 97.37 
 38.71 82.76 92.86 90.63 93.75 
 100.00 88.37 76.32 84.21 85.71 
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Table 4-2.  Mortality (%) for Atlantic salmon and chinook eggs subjected to mechanical shock (Drop 
Height, cm) followed by exposure to iodine (mg/L) at Rosewall Creek in 2003.  Control treatments have 5 
replicates and drop treatments have 3 replicates. 
Rosewall Atlantic Salmon 2003 
 Iodine Concentration mg/L 
Drop Height cm 0 mg/L 106 mg/L 208 mg/L 312 mg/L 421 mg/L 
0 cm 6.90 13.16 19.44 27.27 15.91 
 30.30 19.51 13.16 13.95 20.51 
 13.33 16.28 16.28 15.91 21.05 
 8.57 22.50 27.50 19.57 11.90 
 11.11 10.00 22.50 20.00 17.14 
20 cm 12.50 30.56 39.47 15.63 36.59 
 20.59 30.56 27.50 44.12 21.95 
 27.59 18.42 18.60 19.05 35.71 
40 cm 44.74 20.00 18.92 53.85 43.24 
 46.88 20.59 42.50 44.44 46.15 
 25.00 47.06 36.59 42.86 43.24 
60 cm 27.27 50.00 68.57 46.15 50.00 
 42.42 52.78 34.29 69.44 60.00 
 55.26 44.74 42.11 45.95 79.07 
80 cm 61.90 75.68 71.79 48.72 69.05 
 70.45 65.71 58.82 87.18 56.82 
 54.55 73.68 50.00 50.00 64.29 
100 cm 58.97 77.78 81.08 92.11 88.10 
 61.54 78.57 82.50 92.50 75.00 
 73.68 63.41 87.18 68.29 81.08 
Rosewall Chinook 2003 
 Iodine Concentration mg/L 
Drop Height cm 0 mg/L 87 mg/L 185 mg/L 285 mg/L 397 mg/L 
0 cm 6.45 10.71 0.00 0.00 0.00 
 15.63 3.33 5.71 6.45 0.00 
 13.79 0.00 0.00 0.00 3.13 
 3.33 5.88 3.03 10.71 9.09 
 3.45 0.00 0.00 3.03 3.23 
20 cm 35.71 31.03 45.16 19.35 24.14 
 35.00 61.29 28.57 67.74 60.61 
 35.71 26.67 41.38 66.67 39.39 
40 cm 70.97 65.52 70.59 74.19 59.38 
 56.25 58.06 65.63 70.00 65.63 
 26.32 41.94 51.61 87.50 54.55 
60 cm 63.33 77.42 87.50 74.07 71.88 
 68.97 81.25 70.59 85.71 74.19 
 59.38 79.41 82.76 73.33 67.74 
80 cm 90.91 81.25 100.00 86.67 87.88 
 67.65 71.88 84.38 90.00 90.63 
 64.52 70.00 100.00 74.19 88.24 
100 cm 93.94 90.91 92.31 93.94 87.50 
 74.19 93.55 87.50 87.10 81.25 
 90.63 91.18 96.88 93.33 100.00 

 
LD50 values were calculated in order to quantify the combined effect of drop height and 
iodine (Table 4-3). 
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Table 4-3.  LD50 (drop in cm to cause 50% mortality) and 95% confidence limits.  LD10 (drop in cm to 
cause 10% mortality) is also shown. 

Test Iodine mg/L LD50 cm Lower Upper LD10 cm 
   LD50 95% 

Confidence Limits 
 

Big Qualicum Chinook 1983 
 0 36.3 31.2 42.2 8.8 
 84 23.4 20.2 27.1 6.4 
 122 18.1 15.4 21.2 4.7 
Big Qualicum Steelhead 1984 
 0 53.3 46.2 61.5 11.5 
 105 53.1 48.4 58.3 21.1 
 214 46.3 41.6 51.5 14.5 
 325 41.4 36.9 46.4 12.4 
 438 28.8 23.5 35.3 5.5 
Rosewall Atlantic Salmon 2003 
 0 76.8 66.2 89.0 22.1 
 106 68.7 61.7 76.4 27.5 
 208 71.1 64.1 78.9 33.4 
 312 62.5 55.9 70.4 22.5 
 421 56.7 49.9 64.4 16.0 
Rosewall Chinook 2003 
 0 41.2 35.8 47.5 10.3 
 87 30.9 26.9 35.4 7.8 
 185 28.0 25.0 31.3 9.5 
 285 19.1 16.0 22.9 3.4 
 397 28.6 25.0 32.7 7.4 
 
These values are plotted against iodine concentration for each group in Figure 4-1.  
Intercepts (b), slopes (m), and R2 values for the least square regression lines are presented 
in Table 4-4; LD50 = b + m*Iodine.  All groups showed an increasing sensitivity to 
mechanical shock as iodine concentrations increased (negative slopes).  Except for the 
Chinook 2003 group, slopes were statistically significant (P < 0.05). 
 



 

 4.8

0

10

20

30

40

50

60

70

80

90

0 100 200 300 400 500

Iodine mg/L

LD
50

 c
m

SH84

CN83

CN03

Salar03

Atlantic Salmon 2003

BQ Steelhead 1983

Chinook 2003

BQ Chinook 1983

 
Figure 4-1.  Lethal drop (cm) to kill 50% (LD50) of eggs versus iodine concentration mg/L for 4 groups of 
eggs (SH (steelhead) 1984, CN (chinook) 1983 and 2003, Salar (Atlantic salmon) 2003). 

 
In 2003 eggs were shocked 1 hour after fertilization while in 1983/84 eggs were shocked 
2.75 hours post-fertilization. 
 
Table 4-4.  Linear regression lines for LD50 (cm) versus iodine concentration (mg/L).  Slope, intercept, R2 
and the number of observations (N) are shown for each group and for pooled chinook data (1983 and 
2003). 

Groups Intercept Slope  R2 N 
Big Qualicum CN 1983 36.21 - 0.1500 0.9996 3 
Big Qualicum SH 1984 56.62 - 0.0556 0.9054 5 
Salar 2003 76.44 - 0.0444 0.8932 5 
CN 2003 36.41 - 0.0360 0.5078 5 
CN Pooled 32.30 - 0.0288 0.2406 8 
 
Analysis of variance (ANOVA) tables are shown for each experiment in Table 4-5.  The 
2003 results were treated as 2 factor experiments with unequal replicates per subclass 
(Sokal and Rohlf 1981).  Significant effects (at P < 0.05) and the “least significant 
difference” are also shown. 
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Table 4-5.  Analysis of variance for experiments.  Mean Squares, degrees of freedom, significant F values, 
and the “least significant difference” are shown for P < 0.05. 
Chinook Shock/Iodine 1983    

Source of Variation df MeanSq. F ratio  
Drop Height cm 5 10357 56.18 significant 
Iodine  2 1223 6.63 significant 
Interaction 10 154 0.83 not significant 
Within (error) 36 184   
Least Sig. Difference   22.4  
Steelhead Shock/Iodine 1984    

Source of Variation df MS F ratio  
Drop Height cm 5 11533 61.72 significant 
Iodine  4 1483 7.94 significant 
Interaction 20 184 0.98 not significant 
Within (error) 60 187   
Least Sig. Difference   22.3  
Atlantic Salmon Zero-Time 2002    

Source of Variation df MS F ratio  
Drop Height cm 1 0.9 0.02 not significant 
Iodine  1 3.8 0.08 not significant 
Interaction 1 13.6 0.28 not significant 
Within (error) 8 47.9   
Least Sig. Difference   13.0  
Atlantic Salmon 1 Hour Iodine/Shock 2002    

Source of Variation df MS F ratio  
Drop Height cm 1 189.8 3.46 not significant 
Iodine  1 22.8 0.42 not significant 
Interaction 1 12.4 0.23 not significant 
Within (error) 8 54.9   
Least Sig. Difference   14.0  
Chinook Shock/Iodine 2003    

Source of Variation df MS F ratio  
Drop Height cm 5 20773.2 214.09 significant 
Iodine  4 254.3 2.62 significant 
Interaction 20 117.6 1.21 not significant 
Within (error) 70 97.0   
Least Sig. Difference   16.1  
Atlantic Salmon Shock/Iodine 2003    

Source of Variation df MS F ratio  
Drop Height cm 5 9235.4 92.12 significant 
Iodine  4 266.5 2.66 significant 
Interaction 20 87.8 0.88 not significant 
Within (error) 70 100.3   
Least Sig. Difference   16.4  

 
 
In 2002 two preliminary tests were performed with Atlantic Salmon at Rosewall Creek.  
In the first test eggs were fertilized and activated in 100 mg/L iodine (zero-time 
disinfection) and then shocked at 0 and 20 cm drop-heights (Table 4-6). 
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Table 4-6.  Mortality (%) for preliminary tests performed at Rosewall hatchery in 2002 with Atlantic 
salmon eggs.  Only 2 drop heights and 2 iodine concentrations were used and eggs were tested at 
fertilization and 1 hour post-fertilization. 

Zero-Time Disinfection followed by 
shock 

 Shock 1 hr post fertilization followed 
by Ovadine 

Drop 
Heights 
cm 

0 (I2 mg/L) 100(I2 mg/L)  Drop 
Heights 
cm 

0 (I2 mg/L) 100(I2 mg/L) 

0 cm 12.82 14.63  0 cm 4.76 8.82 
 21.21 17.02   18.18 15.63 
 7.32 19.44   7.89 8.57 
20 cm 21.62 15.38  20 cm 21.62 12.12 
 21.62 9.52   8.57 18.42 
 2.86 18.18   18.42 32.43 

 
Analysis of variance showed that at these conservative levels of stress, there was no 
significant effect (P < 0.05, Table 4-5) on mortality from either drop height or iodine.  
Furthermore, egg fertilization in 100 mg/L iodine solution was similar to fertilization in 
water (i.e. 0 mg/L iodine).  In the second preliminary test performed in 2002, eggs were 
shocked at 1 hour post-fertilization and then exposed to iodine (Table 4-6).  Neither drop-
height (20 cm) nor iodine (100 mg/L) had a significant effect on mortality (at P < 0.05). 
 
The loss of iodine during production scale “zero-time” disinfection procedures was 
measured at Puntledge Hatchery in 2003.  Milt was mixed with eggs (15 mL per 8500 
chinook eggs) and this mixture (not rinsed) was poured into Heath Trays containing 92 
mg/L available iodine.  Over a 10 minute exposure the iodine dropped to 52 mg/L (44 % 
loss) and after 20 minutes dropped to 48 mg/L (48% loss).  There was 0 % loss in a tray 
containing only water (no eggs).   
 
The effect of excess sperm on iodine consumption was measured in a separate test.  Milt 
at concentrations of 1.32, 2.68 and 4.00 mL per liter of Ovadine solution were allowed 10 
minutes of contact.  The iodine consumed (Y mg/L) was related to the milt concentration 
(X mL/L) by: Y = 7.2 + 3.3*X.  Since a batch of eggs was fertilized with 15 mL of milt 
and placed in a Heath Tray containing approximately 10 L of Ovadine, the milt 
concentration was 1.5 mL/L and the predicted iodine loss due to excess sperm was 12 
mg/L (7.2 + 1.5*3.3).  
 

4.5 Discussion 
 
In the mechanical shock/iodine experiments all groups showed increased sensitivity at 
higher iodine concentrations.  Thus LD50 decreased as iodine increased (Figure 4-1).  
Although a statistically significant increase in mortality was not demonstrated at the 
commonly used level of 100 mg/L, this trend emphasizes the danger of handling (netting, 
pouring etc.) newly fertilized eggs just prior to iodine treatment.   
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Zero-time disinfection avoided this combined stress of handling and iodine because eggs 
were activated in iodine solution and underwent no further movement.  The preliminary 
test performed in 2002 showed that there was no significant difference in mortality for 
Atlantic salmon eggs activated in water and 100 mg/L Ovadine solution.   
 
It should be cautioned that our small-scale tests do not guarantee that a procedure is safe 
on the production scale.  The sample size used in our tests was necessarily small (~ 30 
eggs per replicate) and therefore subtle delayed effects (e.g. deformities, problems at 
hatch or ponding etc.) could not be detected.  Also variability within replicates (error) 
was quite large and so real effects might simply be undetected.  This “error” is termed the 
“within mean square” in ANOVA and along with the “least significant difference” is 
shown in Table 4-5 for each experiment.  This value shows that mortality rates must be 
15 or 20 % higher than the control before they are judged significant.  Thus small effects 
are undetectable.  Furthermore it must be kept in mind that effects having a minor impact 
in a small scale experiment with low egg density can be amplified many times in a 
production setting.  These considerations lend importance to the trends observed in 
Figure 4-1.  
 
In the 2003 tests 5 replicates were performed at 0 cm drop height (controls) for each 
iodine concentration (Table 4-1).  Comparison between the 25 control groups for chinook 
and Atlantic salmon shows that mortality was 4 times higher in Atlantic salmon (4.3 % 
vs. 17.4%).  This difference was significant at P < 0.01 and may indicate a problem with 
initial egg quality of the Atlantic salmon.   
 
During “zero-time” disinfection at Puntledge Hatchery iodine levels within the egg mass 
dropped to 52 mg/L after 10 minutes (44 % loss) and dropped to 48 mg/L after 20 
minutes (48 % loss).  On the day of the test (October 21) background water quality at 
Puntledge was good and had no effect on iodine loss.  This may vary from day to day as 
the water quality of the Puntledge River changes.  In our test, a total of 40 mg/L of iodine 
was consumed after 10 minutes.  Excess sperm accounted for 12 mg/L (by calculation) 
while the difference of 28 mg/L (40 mg/L – 12 mg/L) was consumed by organic debris.  
In spite of these iodine losses, “zero-time” disinfection at Puntledge Hatchery on Oct 21 
2003 met the minimum criteria for eliminating most common pathogens (25-35 mg/L for 
5 min).  More tests are required to assess the effectiveness of this disinfection procedure.   
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5.1 Abstract 
Atlantic salmon (Salmo salar) eggs were incubated at 4, 6, 8, 10, 12, and 14 °C from 
fertilization to complete yolk absorption.  Results from the first of two years’ work are 
presented in this paper, with the understanding that models and conclusions may change 
after analyses of results from the second year.  Provisional models for egg to fry mortality  
 
Y(mortality %) = 189.17-74.83X(°C)+9.09X(°C)2-0.30X(°C)3; r2 = 0.959 
 
and time to 50% hatch 

 
Y(days to 50% hatch) = 27475.88/(X(°C)+6.8616)2.2718;  r2 = 0.996 
 
predicted minimum mortality at 5.7 °C and days to hatch ranging from 122 to 35 days, at 
4 and 12 °C, respectively.  Samples of eggs and larvae were preserved in 10% formalin 
over various intervals during incubation, from which photo-micrographs were made of 
important stages of development.  Embryo tissue and yolk weights were measured and 
utilized to model tissue growth, yolk absorption, and maximum alevin wet weight 
(MAWW) in relation to temperature.  Provisional models for time to 10% and 0% yolk 
remaining (based on wet weight) follow 
 

Y(days to 10% yolk) = 306.61 ε -0.1176X(°C)    r2 = 0.993 
 

Y(days to 0% yolk) = 326.79 ε -0.1121X(°C)    r2 = 0.999 
 
In addition, eyed eggs and newly hatched larvae were transferred from 8 °C to 10, 12, 
and 14 °C, with significant decreases in mortality compared to constant exposure to these 
higher temperatures.  Finally, oxygen consumption measurements (i.e. Ro; mg O2 per 
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1000 individuals per hour) were conducted and modelled for eggs and larvae at 4 to 10 
°C from 200 to 800 ATUs.  To illustrate these relationships, the model with the highest r2 
value was observed at 6 °C and is presented below 
 
Y(Ro @ 6 °C; mg O2 per 1000 *hr) = 0.1916X(days) – 7.3887 r2 = 0.878 
 

5.2 Introduction 
Many researchers have studied and reported on the influence of temperature on salmonid 
egg development and mortality (Billard and Jensen, 1996; Beacham and Murray, 1990; 
McLean et al., 1991; Velsen, 1987; Gunnes, 1979; Peterson et al., 1977).  Hence, we 
have information about egg and larval mortality at various temperatures.  However, the 
temperature ranges tested and knowledge about differences in sensitivity to high or low 
temperatures at various stages of development are limited.  In particular, knowledge 
about high and low water temperature tolerance of Atlantic salmon eggs also needs to be 
improved.  Furthermore, the impact of temperature on embryo development, growth, and 
yolk conversion needs to be studied.  Hence, a comprehensive study was undertaken to 
incubate Atlantic salmon eggs in a series of constant temperatures.  During the egg to fry 
period various parameters were looked at, including overall mortality, embryonic and 
larval development rates, oxygen consumption rates, and incidence of abnormalities. 
 

5.3 Methods 
Atlantic salmon eggs (pooled sub-samples of about 500 eggs per female, from 10 
females) and sperm (pooled from 10 males) were obtained from Pan Fish Canada 
hatchery at Rosewall Creek on Nov. 13, 2002.  These gametes were transported, cooled 
with ice in separate containers, to the Pacific Biological Station, where they were 
fertilized and placed in incubation baskets (4 replicates, of about 50 eggs per replicate, 
per temperature-treatment; plus ~200 extra eggs in additional baskets for developmental 
sampling)(Fig. 5-1).  Temperature baths consisted of 40-liter computer-controlled tanks 
of water with make-up water flows of 80 ml/min (i.e. about 3 exchanges per day).  Test 
temperatures were set at 4, 6, 8, 10, 12, and 14 °C (± 0.1 °C). 
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Figure 5-1.  Baskets used for incubation.  Eggs were in a single layer.  One basket contained 4 replicates 
for mortality assessment, a second basket contained eggs used for growth rate sampling. 

 
Two types of temperature exposures were conducted.  The main experiment involved 
incubation of eggs from fertilization to complete yolk absorption in 6 constant 
temperatures of 4 to 14 °C mentioned above.  Data collected from this experiment 
included egg to fry mortality, hatching time determination, and embryo samples for 
growth and abnormality determination.  For growth and abnormality assessment, eggs 
and larvae (i.e. 5 to 10 individuals per sample) were sampled periodically from 
fertilization to complete yolk absorption.  The samples were anesthetized in a lethal dose 
of MS222 and placed in 10% formalin. 
 
The secondary experiment was set up to test impact of transferring either eggs at the eyed 
stage or larvae at hatch from 8 °C to 10, 12, and 14 °C.  Egg to fry mortality data was 
collected. 
 
Finally, oxygen consumption was measured for eggs and larvae at 4, 6, 8, and 10 °C from 
200 to 800 ATUs.  Modified experimental Plexiglas incubators (i.e. volume =1.5 L, flow 
rate 0.5 LPM, apparent velocity =310 cm/hr) were used (Fig. 5-2).  Three replicate 
incubators, each with a single layer (i.e. an average of 129 eggs or larvae per replicate), 
and one control incubator (i.e. just water) were used for each oxygen consumption test.  
Eggs or larvae were very carefully transferred from a test incubation temperature of 4 to 
10 °C, at 200, 400, 600, and 800 ATUs, to the 3 incubators, in dark conditions.  The 
incubator lids were fastened and any air bubbles were removed. After about one hour of 
acclimation, the outflow from each incubator was attached to the inflow, thus creating a 
closed loop.  Attached to each incubator was an oxygen sensor, connected to a multi-
channel oxygen meter, which was in turn connected to a data-logger.  Oxygen 
consumption was monitored and was allowed to decrease by several mg/L, after which 
the test was stopped and the test eggs and larvae returned to their appropriate incubation 
temperature to continue development until the next test interval.  Oxygen consumption 
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rates (i.e. mg O2 per 1000 individuals per hour) were calculated for the linear portions of 
each oxygen consumption data set. 
 

5.4 Results 
Total egg to fry mortality (i.e. from fertilization to swim-up) for each of the 6 test 
temperatures was recorded and is illustrated in Figure 5-2.  A 3rd order polynomial 
model was fitted to the data and used to predict an optimum temperature of 5.74 ˚C. 
 

Atlantic salmon egg to fry mortality at various temperatures

0

10

20

30

40

50

60

70

80

90

100

0 2 4 6 8 10 12 14 16

Temperature (°C)

M
or

ta
lit

y 
(%

)

Egg to fry mortality (%) data Modelled Egg to fry mortality (%) 95% Confidence Limits

OPTIMUM TEMPERATURE
5.74 °C

y=189.17-74.83x+9.09x^2-0.30x^3
r^2=0.959

 
Figure 5-2.  Atlantic salmon egg to fry mortality (%) at 4 to 14 °C. 

 
Time to 50% hatch was determined for temperatures of 4 to 12 °C, since no eggs 
survived to hatch at 14 °C.  The data are summarized in Table 5-1 and typical inverse 
relationships (i.e. modified Belehradek “BLM” and ATU models; Mclean et al., 1991) 
are as follows 
 
YBLM model(days to 50% hatch) = 27475.88/(X(°C)+6.8616)2.2718;  r2 = 0.996 
 
YATU model(days to 50% hatch) = 481.15/X(°C);    r2 = 0.940 
 
and is illustrated in Figure 5-3.  These BLM models (days and ATUs) for time to 50% 
hatch show the impact of temperature, with time to hatching ranging from 36 to 121 days 
from 14 to 4 °C (Table 5-1).  Figure 5-3 includes BLM models as well as the simpler 
ATU model (i.e. y=x/a; where the constant a= 481.15 ATUs).  The difference in 
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predictions of development timing is most apparent at the lower extrapolated 
temperatures (i.e. 47 days at 2 °C; see Fig. 5-3). 
 
Table 5-1.  Time to 50% hatch, in hours, days, or ATUs, for Atlantic salmon eggs at 4 to 12 °C.  Eggs were 
fertilized on November 13, 2002. 

Temperature 
(°C) 

Date Time to 50% 
hatch (hours) 

Time to 50% 
hatch (days) 

Time to 50% 
hatch (ATUs; 
°C-days) 

4 Mar 4 2003 2904 121 484 
6 Feb 7 2003 2064 86 516 
8 Jan 9 2003 1368 57 456 
10 Dec 27 2002 1056 44 440 
12 Dec 19 2002 864 36 432 
14 No survivors     
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Figure 5-3.  Atlantic salmon egg development time (red circle; days) to 50% hatch from 4 to 12 °C.  The 
modified Belehradek model “BLM” (red solid line) with 95% confidence limits (red dashed lines) shows a 
typical inverse relationship.  The ATU (°C-days) model (blue solid line) yielded a constant of 481.15 °C-
days, while ATUs calculated from the BLM model (red long & short dashed line) were curvilinear with 
differences (i.e. BLM-ATU models, green dashed line) ranging up to -47 days at 2°C 

 
Alevin wet weight (including predicted maximum alevin weight wet {MAWW}) and 
percent tissue and yolk weight changes, at 8 °C, are illustrated in Figure 5-4. 
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Atlantic salmon alevin wet weight @ 8 °C
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Figure 5-4.  Atlantic salmon wet weight (gm) and yolk and tissue weights (%). 

 
Time to 10% and 0% yolk (based on wet weights) was modelled for 4 to 12 °C, along 
with MAWW for 8 to 12 °C (Fig. 5-5). 
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Figure 5-5.  Atlantic salmon time to 10% and 0% yolk and MAWW models versus temperature ranging 
from 4 to 12 °C. 
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Embryonic stages of development were photographed from fertilization to complete yolk 
absorption and are currently being analysed for developmental models.  Figure 5-6 
illustrates a decapsulated egg at the eyed stage.  Figure 5-7 illustrates an abnormal 
embryo. 

 
Figure 5-6.  Atlantic salmon embryo at the eyed stage. 
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Figure 5-7.  Abnormal Atlantic salmon embryo. 

 
Transferring eyed eggs and newly hatched larvae from 8 °C to 10, 12, and 14 °C resulted 
in lower egg to fry mortality compared to constant exposure (Table 5-2 and Fig. 5-8). 
 
Table 5-2.  Atlantic salmon egg to fry mortality (%) of eyed eggs and newly hatched larvae transferred 
from 8 °C to 10, 12, and 14 °C and for constant exposure from 4 to 14 °C. 

Temperature (°C) Mortality (%) 
constant exposure 

Mortality (%) 
Eyed-egg transfer 
from 8 °C 

Mortality (%) 
hatch transfer 
from 8 °C 

4 13.8   
6 9.5   
8 17.2   
10 42.2 31.5 21.1 
12 93.6 28.4 23.7 
14 100.0 37.4 37.1 
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Figure 5-8.  Atlantic salmon egg to fry mortality comparison at constant temperatures compared to eyed 
eggs and newly hatched larvae transferred from 8 ° C to 10, 12, and 14 °C. 

 
Oxygen consumption measurements for eggs and larvae incubated at 4 to 10 °C were 
modelled (Fig. 5-9) and show an increase with both time and temperature. 
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Atlantic salmon egg and Larval Ro @ 4 to 10 °C
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Figure 5-9.  Atlantic salmon egg and larval oxygen consumption (Ro; mg O2 per 1000 * hr) at 4, 6, 8, and 
10 °C. 

 

5.5 Discussion 
Results from the first of two years’ of work have been presented in this paper, with the 
understanding that models and conclusions may change after analyses of results from the 
second year.  The egg to fry mortality (Fig. 5-2) results for year 1 of our study indicated 
that mortality increased sharply between 8 and 10 °C, with 100 % mortality observed at 
14 °C.  The provisional model from these data suggests an optimum incubation 
temperature of 5.74 °C. 
 
The provisional hatching model predicted time to 50% hatch very well (Fig. 5-3), with 
days to hatch ranging from 122 to 35 days, at 4 and 12 °C, respectively.  Figure 5-3 also 
illustrates that the ATU model is not constant, and that if extrapolated to the low 
temperature of 2 °C, the ATU model would incorrectly predict 50% hatch by 47 days too 
late. 
 
The growth models (Fig. 5-4 & 5-5) for tissue and yolk were highly significant, with r2 
values ranging from 0.8187 to 0.9925.  The MAWW model (Fig. 5-5) was not as robust, 
but still is useful as a first estimate.  A second series of incubation tests (test temperatures 
of 3, 4, 5, 6, 7, 8, 9, 10, and 11 °C) were conducted in 2003-2004, and have just been 
completed in October.  Mortality and developmental data from this latter series have yet 
to be analyzed. 
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The incidence of abnormalities was low (i.e. <1%) in our tests.  A larger-scale assessment 
of abnormalities in industry production incubation hatcheries is currently underway. 
 
The experiment conducted to test the possible improvement in egg to fry survival at 
higher incubation temperatures showed promise, with both eyed-egg transfers and newly 
hatched larval transfers to 12 and 14 °C resulting in mortality reductions of over 60% 
(Table 5-2 and Fig. 5-8).  A second series of transfer experiments (i.e. from 6 and 8 °C to 
9, 10, and 11 °C at eyed and hatch) were conducted in 2003 to 2004.  Mortality and 
developmental data are currently being analyzed. 
 
The oxygen consumption models (Fig. 5-9) were highly significant, with R2 values 
ranging from 0.6790 to 0.8778.  These models can be used by fish culturists, scientists, or 
fisheries managers to aid in predicting changes in Atlantic salmon egg and larval 
metabolic rates in response to temperature and stage of development.  For Atlantic 
salmon fish culture, this means that for a given flow rate, temperature, inflow dissolved 
oxygen level, and egg or larval load rate, dissolved oxygen levels at the outflow of an 
incubator can be calculated.  Hence, by adjusting the above parameters, adequate oxygen 
levels can be easily maintained in a production setting, ensuring low mortality and 
abnormality levels, and optimum conditions for growth.  Such oxygen consumption 
models for Pacific salmon were discussed by McLean et al. (1991). 
 
The objective of this research was to provide new information to Atlantic salmon fish 
culturists.  The results, models, and conclusions should be useful in understanding the 
impact of temperature on egg and larval development, growth, and survival.  When the 
second year’s work has been analyzed and new models have been developed, the new 
findings will be incorporated into our computer program called WinSIRP (i.e. Windows 
Salmonid Incubation and Rearing Programs) (Jensen et al. 2002) that is available at this 
web site http://www-sci.pac.dfo-mpo.gc.ca/aqua/sirp/incubwin_e.htm. 
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