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Introduction 

The production cycle in modern fish farming is closely based on the natural life cycle of the 
fish. Normally the production cycle is initiated at first feeding based on the average 
developmental stage of the reared larva. There is, however, large variation in metabolic rate 
and hence the rate of embryonic development between individual fish. A number of studies 
suggest that early variation in metabolic rate predicts a number of other trait characteristics, 
such as aggressive behaviour, social dominance, growth and timing of sexual maturation. In 
other projects that are presently carried out at the Norwegian University of Life Science, we 
have recently shown that heritable variation in stress coping ability in the parental generation 
is reflected in metabolic rate, hypoxia tolerance, and time to first feeding in newly hatched 
fish. In adult fish, stress tolerance has been shown to affect feeding behaviour, aggression, 
feed waste, and feed utilization (see e.g. (Øverli et al., 2005; Øverli et al., 2006). Net feed 
waste, for instance, is higher in rearing units containing more stress-sensitive fish (Øverli et 
al., 2006). Moreover, there are strong relationship between sustained stress and reduced fish 
health (Weyts et al, 1999), and it is thus logical to investigate if there is a connection 
between developmental rate and immunocompetence. 

In light of the above, there is good reason to believe that early and late emerging fractions of 
salmon fry will yield a different return in rearing operations, when the whole breeding cycle 
is considered. Even if current rearing regimes results in nearly 100% survival initially, 
information about future growth performance and individual stress responsiveness could be 
revealed by early monitoring of developmental rates. This information could in turn be used 
to optimize rearing regimes, before newly hatched fish enter more cost intensive parts of the 
production cycle. It is thus crucial to to increase our knowledge about variation in 
developmental rates in Atlantic salmon, and utilize this knowledge to increase the 
effectiveness of salmon production. One way to obtain this is to identify quick and slowly 
developing individuals at an early stage (i.e., at the point of first feeding, or swim-up), and 
then compare the development and performance of these fish throughout the production 
cycle.  

 Furthermore, undesirable side effects of selection for high production efficiency 
have been shown in several farm animals (Rauw et.al., 1998): Selection for fast growth rate 
has resulted in correlated negative responses for several reproduction traits; selection for 
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high body weight has resulted in a correlated negative immune performance, i.e. lower 
antibody response; and a higher metabolic rate may cause problems under hypoxic 
conditions, e.g. cause heart failure or ascites. Moreover, the genetic increase in production 
has been followed by a corresponding correlated genetic increase in daily feed consumption; 
whereas both higher and lower feed efficiencies have been found. 

A major challenge in present and future breeding programs, which tend to be increasingly 
more efficient as new breeding tools are implemented, will be to avoid these unwanted side 
effects of selection. To measure the stress level of the breeding candidates will thus become 
all the more important. Furthermore, to find a rapid, feasible and cost efficient way of doing 
this should be sought. One way to measure this could be to harvest on the fact that growth 
seems to cause developmental instability (Pape and Manning, 2003). Also several immune 
parameters have been suggested and tried as selection criteria for disease resistance and 
stress (Fevolden, Roed and Fjalestad, 2003).   Another well established method for 
measuring stress is cortisol response, and it has also been shown that this is a heritable trait 
yielding selection response in rainbow trout (Øverli, Sørensen, Kiessling, Pottinger and 
Gjøen, 2006), but all of these methods are relatively labour demanding and costly. As a 
selection criterion that would be easy and inexpensive to measure the present study has 
investigated the potential use of swim-up time and/or day-degrees to this means. It is also 
examined how these parameters are genetically correlated to two important economical 
traits, growth rate and resistance to the viral disease Infectious Pancreas Necrosis (IPN); 
measured through challenge testing. 

Material and methods 
Measuring day-degrees and swim-up time.  In the beginning of February 2009, eyed eggs 
(347 day-degrees after fertilization) of Atlantic salmon originating from an egg-batch created 
from 147 females and 70 males were transported from Marine Harvest, Norway, to the 
research facilities of the Technical University of Denmark at North Sea Centre in Hirtshals, 
Denmark. The eggs were incubated in three batches, consisting of 1410 eggs each, and after 
hatching the batches were inserted in three modified flat screen incubators. Inside the 
incubators, golf balls were placed to mimic natural gravel; this turned out to be more 
efficient than the more commonly used hatching substrate, AstroTurf, especially at higher 
densities (own observations). In these incubators, larvae where sorted by time to emerge, 
since they were flushed downstream to a collecting tank as soon as they emerged from the 
incubator in order to search for food at the surface (Figure 1). Emergence from the 
incubators started at 718 day-degrees after fertilization and was finished within seven days. 
At the end of the emergence, 84% of the inserted larvae reached first feeding stage. During 
emergence, the daily water temperature was 8.9 ± 0.3 OC (mean ± s.e.m.). Emerged fry were 
divided in four fractions, i.e. early, intermediate-early, intermediate-late and late fractions, 
each consisting of approximately 25 % of the total number of individuals. The early and late 
fractions were selected for further study and later on DNA-typed for parental assignment 
using 9 micro-satellite markers. Swim-up time for each family is calculated as number 
observed in the early phase, minus the number of individuals observed in the late phase in 
each family. 
 



 
Figure 1. Modified AstroTurf incubator allowing sorting of Atlantic salmon larvae in 
respect to time after emerging from the spawning ground (here; golf balls). When 
larvae emerge to search for food they are flushed downstream into a collecting tank.  
 
In addition to the eggs described above, approximately 100 eggs from each family were 
placed in individual compartments (5x5x15 cm3) and every 8 hours hatched individuals were 
observed. When 95% of all individuals in a family had hatched, the number of day-degrees 
from fertilisation was estimated and set for that family. 
 
Sub-samples of the same fullsib groups were tested for IPN resistance at  VESO Vikan using 
separate compartments (10 l) for each family with 200 individuals in each tank; each with an 
average weight of ca 0.5 gram. The challenge testing was done by bath exposure to a 
standardized titre of IPN virus serotype Sp. jnr. V-1244. The inoculum originated from 
clinical cases of IPN, and virus was propagated to sufficient quantities in standard cell 
culture media. Three families were tested in five replicates to document the reproducibility 
of the trial. 
 
Statistical analyses. (Co)variance components for day-degrees, IPN resistance, Swim-up 
time and growth rate were estimated using multiple trait restricted maximum likelihood 
analyses with the VCE (6.0 version – Groeneveld, Kovac and Norbert, 2008) software 
package. 

Results and discussion 
Table 1 show genetic parameters for the four traits investigated; measured as fullsib means. 
Growth is obtained as the average of the parental breeding values and thus show a much 
inflated heritability estimate.  Appropriate fullsib means observation from the same 
generation will be obtained later in the study. The two new indicative traits, day-degrees and 



Swim- up time, show high heritabilities, but as can be seen from the large standard errors, the 
present study and design is not able to yield conclusive estimates. 
   
The genetic correlation found in the present study between the two new indicative traits and 
disease resistance is comparable and somewhat better than the 0.5 that Fjalestad, Larsen and 
Roed (1996) found between survival and antibody response against Vibrio anguillarum and 
Vibrio salmonicida O-antigens. Since the present method is much less laborious and 
inexpensive, it should be an attractable alternative selection criterion for disease resistance in 
many breeding programs.                     
 
Table 1: Estimates of genetic parameters in Atlantic salmon for the four traitsα 
Traits Day-degrees IPN Swim-up     Growth* 
Day-degrees to hatching 0.41±0.29 0.53±0.55 0.84±0.22 0.20±0.21 
IPN-resistance 0.00±0.55 0.32±0.31 0.60±0.66 - 0.41±0.30 
Swim-up time -0.51 0.02 0.38±0.28 - 0.33±0.22 
Growth rate* 0.20 -0.01 -0.75 0.98±0.03 
αHeritabilities (± s.e.) on the diagonal, phenotypic and genetic correlations below and above the diagonal, 
respectively. 
* Growth is obtained as the average of the parental breeding values  
 

Conclusion 
The present study has demonstrated a potential for the use of non-invasive and cost efficient 
new selection criteria for disease resistance and animal welfare. Further studies to establish 
more conclusive estimates of the genetic parameters are needed.  
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