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ABSTRACT 
 

Currie, J.J., Ratsimandresy, A.W., Mabrouk, G., Sheppard, L.,  Drover, D., and Losier, 
R.  2013. Validation of DEPOMOD for estimating carbon deposition from finfish 
farms on the south coast of Newfoundland: a tool for aquaculture site assessments. 
Can. Tech. Rep. Fish. Aquat. Sci. 3027: v + 23 p. 

 
Environmental regulation of the aquaculture industry in Canada and Newfoundland 

follows a pathway of effect philosophy that consists of release, exposure, consequence 
and acceptability components. One of the pathways for marine finfish cage farms is the 
release of organic particles (largely fish feed and fish feces) during farm operations. 
These particulates are transported, dispersed and potentially degraded as they settle on 
the bottom. The consequence to the bottom ecosystem depends upon the rate at which 
the material settles on the bottom and the ability of the ecosystem to assimilate the 
added flux of organics. In order to assess the surface area of deposition underneath and 
in the vicinity of fish farms on the South Coast of Newfoundland, water currents at 
different depths were recorded at locations near aquaculture farms. The current velocity 
time series together with the bathymetry of the area and the feed input are used in the 
deposition model, DEPOMOD. The model is then used to show the deposition and 
biological effects of waste solids from marine cage farms. The result of the analysis of 
the model output and applicability to hard bottom substrates in Newfoundland is 
presented. The output is validated using measured carbon deposition at the bottom 
obtained from the analysis of data from sediment traps installed around the sites. The 
comparison shows that the model can predict the amount of carbon that is measured 
around the sites. This study validates the use of DEPOMOD as a tool for understanding 
and forecasting the foot-prints of aquaculture sites in relatively deep-water region on the 
south coast of Newfoundland. 
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RÉSUMÉ 
 

Currie, J.J., Ratsimandresy, A.W., Mabrouk, G., Sheppard, L.,  Drover, D. and Losier, R.  
2013. Validation de l’estimation des dépôts de carbone en provenance de fermes 
piscicoles sur la côte sud de Terre-Neuve par le modèle DEPOMOD: un outil pour 
l’évaluation des sites d’aquacultures. Can. Tech. Rep. Fish. Aquat. Sci. 3027: v + 
23 p. 

 
La réglementation environnementale de l’industrie de l’aquaculture au Canada et à 

Terre-Neuve suit une voie ayant une philosophie d’effet qui est composée des éléments 
de dépôts, exposition, conséquence et d’acceptabilité. Une de ces voies pour les cages 
piscicoles en milieux marin est la production de substances organiques (principalement 
les aliments pour poisson et les fèces de poisson) lors d’opérations aquacoles. Ces 
particules sont transportées, disséminées et potentiellement dégradées durant leur 
descente et leur dépôt sur le fond. Les conséquences sur l’écosystème des fonds 
marins dépendent du taux auquel les matériaux s’y déposent, ainsi que de la capacité 
d’assimilation de l’écosystème du flux additionnel de matière organique. Afin d’évaluer 
la surface de dépôt en dessous et à proximité des fermes piscicoles de la côte sud de 
Terre-Neuve, les courants marins furent mesurés à profondeurs multiples à des 
emplacements près de sites d’aquaculture. Les données de série chronologique des 
vitesses de courant, de bathymétrie du milieu, et des intrants en aliments pour poisson 
ont été utilisées pour faire tourner le modèle de dépôt DEPOMOD. Par la suite, le 
modèle fut utilisé pour démontrer les effets biologiques et de dépôt produits par les 
déchets solides des cages piscicoles. L’analyse des prédictions du modèle et son 
applicabilité à Terre-Neuve sont présentées.  Le dépôt de carbone mesuré à l’aide de 
pièges à sédiments installées autour des sites fut utilisé afin de valider la sortie de 
modèle. La comparaison démontre que le modèle a la capacité de prédire le taux de 
carbone qui est mesuré autour des sites. Cette étude valide l’utilisation de DEPOMOD 
comme outil permettant la compréhension et la prévision de l’empreinte laissée par les 
fermes aquacoles en eau profonde de la côte sud de Terre-Neuve.
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INTRODUCTION 
 

 Marine finfish aquaculture operations are one of the fastest growing 
sectors in the food industry and has seen steady growth since inception in the 
1970s (Fisheries and Aquaculture Department (FAO) 2010). However, in 
conjunction with this growth there has been an increasing level of concern 
regarding the environmental impacts of aquaculture operations worldwide 
(Chamberlain et al. 2005), emphasizing the need for adequate management 
measures. Many forms of waste are produced through the transformation of 
natural resources to marketable product, as is the case in aquaculture and other 
forms of resource utilization. The most significant form of waste arising from 
aquaculture production is particulate organic waste in the form of uneaten food 
and faeces (Beveridge 1996). The waste material causes a net influx of organic 
carbon and nitrogen onto the seabed in close proximity to the fish cages. 
Excessive accumulation of waste can cause alteration of the aquatic community 
when exceeding the bioprocessing threshold of the environment (Brown et al. 
1987, Gowen and Bradbury 1987, Gowen et al. 1988, Ritz et al. 1989, Weston 
1990, Findlay and Watling 1994, Hargrave 1994, GESAMP 1996, Pearson and 
Black 2001). This accumulation is amplified when aquaculture operations are 
located in semi-enclosed coastal basins with minimal currents and water 
exchange (GESAMP 1996). 

 
The impact of waste material from aquaculture on the benthic communities, 

macrofauna and habitat is well established, following similar trends observed by 
other organic pollutants (Pearson and Black 2001). Initial modelling studies 
focused on the net effect of feed waste below aquaculture sites (Hills et al. 2005) 
as this was the primary source of deposition. However, improved husbandry and 
subsequent reduction of feed loss, has seen a shift in modelling to include faecal 
waste (Magill et al. 2006). Faecal waste has been show to be the larger 
component of total waste (~83% faeces and ~17% uneaten feed), if ideal feeding 
regimes are used and feed wastage is minimal (Hills et al. 2005). Minimizing the 
deposition of waste below aquaculture sites has become a crucial element in the 
monitoring and regulation of marine aquaculture operations around the world to 
ensure sustainable development of the industry (Chamberlain et al. 2005).  

 
The degree of impact from depositional waste produced by aquaculture 

operations is dependent upon, but not limited to, fish density, farm size, feeding 
rate, temperature of the environment, feed type, bathymetry, water circulation 
and substrate characteristics (DFO 2006). The need for modelling of waste and 
benthic impacts for use in management processes has led to the development of 
numerous models that predict the impact of depositional waste (Ervik et al. 1997, 
Cromey et al. 1998, Henderson et al. 2001, Perez et al. 2002, Corner et al. 
2006). The most notable of these is the commercialized aquaculture waste 
modelling suite referred to as DEPOMOD (Cromey et al. 2002). DEPOMOD was 
developed to be used by industry, consultants and regulatory agencies to 
improve the predictive capabilities of the impacts of aquaculture operations on 
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the benthos, as well as improve the objectivity in the regulatory decision making 
processes (Cromey et al. 2002). The distinction of DEPOMOD comes from the 
validation of parameters through comparison with field observations (Cromey et 
al. 2002, Chamberlain et al. 2005). DEPOMOD is currently being used by DFO, 
as a tool within a risk based management framework for measuring the impacts 
of finfish aquaculture operations in British Columbia (DFO 2006), and other 
regulatory agencies and stakeholder throughout the world (Cromey et al. 1999, 
Weise et al. 2009, Brigolin et al. 2009).      

 
The aquaculture industry in Newfoundland has experienced significant 

growth since its experimental beginnings in the early 1980s. Production values 
were in excess of $130 million (CAN) in 2011, accounting for 14,264 tonnes of 
salmonids, with an increase in production predicted for 2012 (Newfoundland and 
Labrador Department of Fisheries and Aquaculture (NLDFA) 2012). The rapid 
growth and current scale of the aquaculture industry in Newfoundland highlights 
the need for the development of adequate regulatory processes that are 
comparable with other regions. 

 
The objective of this paper is to investigate the suitability of DEPOMOD, a 

particle tracking model, for use in management of finfish farms in Canada, by 
validating the model for hard bottom substrates in Newfoundland. The approach 
for validation will be to determine if model predicted carbon fluxes (g/m2/day) 
match those collected at various finfish farms on the south coast of 
Newfoundland.        

 
 

METHODS 
 
FARM SITES 
 
 Atlantic salmon (Salmo salar) and Steelhead trout (Oncorhynchus mykiss) 
production in Newfoundland are comprised of 81 commercial site licenses that 
cover a combined area of 2,056 hectares on the south coast of Newfoundland 
mostly in Fortune Bay (NLDFA 2012). Fortune Bay is characterised by a tidal 
range of ~2.15 m, experiences some freshwater runoff near the head of the bay 
and has no ice cover in the winter. Average currents in the area range from 0.06-
0.18 m/s near the surface and 0.04-0.05 m/s below 30 m.      
 

This study examined two sites, which will be referred to as Site 1 and site 2 
for confidentiality purposes, on the South Coast of Newfoundland (Fig. 1) 
differing in terms of biomass, species, size, feeding rates, location and 
bathymetry (Table 1). Site 1 held a combination of mature and immature fish, 
with mature fish being harvested towards the end of the study period. Site 2 held 
only immature fish, with no fish harvested throughout the study period. The feed 
inputs (kg/cage) administered during the study period were obtained from the site 
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operators directly and are presented in Tables 2 and 3. The average daily 
feeding rates (kg/cage/day) were used for input into the model.    

 
 
HYDROGRAPHIC INFORMATION 
 

An RD Instruments 600 khz broadband upward facing Acoustic Doppler 
Current Profiler (ADCP) was deployed at Sites 1 and 2 for a 6 week period 
(27 July 2010 to 11 October 2010), exceeding the minimum 30 days required for 
collection of hydrographic data at aquaculture sites proposed by Chamberlain et 
al. (2005). Deployment length was designed to capture current conditions 
observed during sediment trap deployment (see validation section). The ADCP 
deployed at Sites 1 and 2 were 120 m and 30 m respectively from the cage 
group, and collected current data from 4.6 to 55.6 m and 4.7 to 68.7 m 
respectively above the bottom. Current data were measured in 1 m bins and 
speed and direction were averaged over 5 minutes at 20 minute intervals, with 
hourly data used for DEPOMOD input. Five data bins, the maximum number 
allowed by DEPOMOD, were used and considered to be representative of the 
current velocity profiles for each site. The 5 bins used were chosen to represent 
5 major velocity changes observed throughout the entire water column.  

 
Johansson et al. (2006) noted that sub-optimal placement of current meters 

in proximity to cage locations could misrepresent currents at the site. This may 
be due to turbulence or cage movements caused by the ADCP misinterpreting 
net/cage movement as current velocity. To ensure that the ADCP captures only 
water currents/circulation without any disturbance from possible net/cage 
movement, the following equation was developed to determine the minimum 
distance from cage locations for ADCP deployment:  
 
Distance = Tan(scope)*depth + 5 
  
Where: Distance is the minimum distance to place ADCP from cage edge.   

 Scope the scope of the ADCP (usually 20°)  
Depth the horizontal distance between the top of the cage edge and the 
ADCP      
           location 

Note: To account for GPS uncertainty, a distance of 5 m is added to the final 
distance. 
 
The minimum distances were calculated to be 26.1 m for Site 1 and 30 m for 
Site 2. 
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SETTLING VELOCITY OF FEED PARTICLE  
 
 To determine settling velocity for use in DEPOMOD, trout and salmon feeds 
ranging in size from 2.5 to 10 mm in diameter were obtained from site operators. 
Settling time was recorded for each type and size of feed pellet using a calibrated 
cylinder (length = 1 m internal diameter = 0.1 m) and digital stopwatch. To 
remove the effects of acceleration, feed pellets were allowed to settle for 0.5 m 
before the timer was started. A paired t-test (R Development Core Team, 2012) 
was used to test the null hypothesis that the mean differences between the 
settling velocities of trout and salmon feed of similar size were not significantly 
different from zero.  For all tests, a P-value ≤ 0.05 was considered significant.  
 
 
MODEL DESCRIPTION  
 

Figure 2 describes the three modules used and how they are integrated into 
DEPOMOD with additional details given in Cromey et al. (2002). The grid 
generation module was used to set up a 1000 m  1000 m grid with a resolution 
of 10 m  10 m to be used in subsequent modules, which contained information 
on depth, cage and sampling station positions. The particle tracking module was 
then used to predict deposition of particles on the seabed given information on 
wastage rates, fish food and hydrodynamics of the area. In the resuspension 
module, the critical resuspension velocity is set at 0.095 m/s, which was 
determined to be the particle resuspension threshold, and cannot be changed by 
the user (Cromey et al. 2002, Chamberlain et al. 2005). As a result, if bottom 
currents in the area are less than 0.095 m/s, resuspension should be disabled 
(Chamberlain et al. 2005) to prevent inaccurate representation of deposition. The 
bottom currents in the study region did not exceed the 0.095 m/s threshold, and 
therefore, when the model was run resuspension was disabled.    
 
 
MODEL VALIDATION  
 
Study design 
 

To validate DEPOMOD, sediment traps were deployed from July to October 
of 2010. The sediment traps were used to estimate the carbon deposition, in 
units of g/m2/day, along transects extending from Sites 1 and 2. To validate the 
model, the measured (observed) values collected using sediment traps were 
compared with outputs (predicted) values determined using DEPOMOD. 
Manipulation of the waste parameter was completed and a measure of the 
goodness of fit was determined by maximizing the R2 value (R Development 
Core Team, 2012).        
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Sample collection   
 

Waste particles at each site were collected using 10 acrylic paired 
cylindrical sediment traps equipped with steering fins (diameter of 0.1 m; height 
of 0.6 m; mounted 1 m above the bottom and deployed at 25 m intervals along a 
single transect extending away from either side of the cage ends up to a distance 
of 100 m; Figure 3). Site characteristics (e.g.: slope, depth and distance from 
shore) presented challenges in the deployment of sediment traps. Therefore, not 
all 10 sediment traps (5 on each side of cage) could be deployed at each site. 
Eight sediment traps were deployed at Site 1, five located on the south side 
(“downstream”) and three located on the north side (“upstream”) of the 
aquaculture site. Seven sediment traps were deployed at Site 2, five located on 
the north side (“upstream”) and two located on the south side (”downstream”) of 
the aquaculture site. Rapp et al. (2007) found that fish and other marine 
creatures may enter or remain permanently in the sediment traps and consume 
the sample. To prevent consumption, as well as minimize bacterial degradation 
of sample, each trap was filled with hyper-saline water consisting of 1.3 kg of 
rock salt and 0.5 kg of fine table, an effective deterrent proposed by Findlay and 
Watling (1997).   

 
When the sediment traps were retrieved after each sampling period, the 

water within the cylinders, above a visible halocline, was siphoned out. Sediment, 
sediment-laden salt and remaining salt water from each cylinder was then 
transferred into 1 L plastic containers and stored at ambient temperature until lab 
analysis, approximately 3 weeks after sample collection.   
 
Sample processing 
 

In the laboratory, each container was sieved with a 1000 μm screen to 
remove coarse rock salt and large debris.  A 500 μm screen removed animals 
(e.g.: copepods) and vegetation while allowing feed particles and feces soaked in 
the hypersaline trap to pass through.  The samples were then left to settle for 8-
20 days. Despite the length of time used for settling, some particulate material 
remained suspended, typically at the water surface of the samples. This required 
all samples to be siphoned with rubber tubing.  The siphoned water was passed 
through a filter and replaced with distilled water and 10 mL of formalin. The 
samples were decanted 4-5 times through filters and replenished with distilled 
water and 10 mL of formalin until salinity was approximately 1 ppt.  Due to the 
amount of sediment present some samples were split to facilitate the dilution 
process.  When the dilution phase was completed 2 mL of formalin was added to 
all samples.  

 
 Determination of carbon content followed similar procedures presented in 
Dean (1974), Bengtsson and Enell (1986) and Heiri et al. (2001). The diluted 
samples were transferred to pre-weighed filter paper (8 μm) and filtered using a 
Buchner funnel. The wet weight of the filtered sediment (sediment and filter) was 
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determined and then transferred to a pre-weighed aluminum baking dish. To 
ensure no sediment was lost during processing, water collected in the filtration 
beaker was filtered a second time, using 2.5 μm filter paper, and transferred to a 
pre-weighed aluminum dish following the above procedure. The sediments were 
then air dried for a period of ~12 hours, before being transferred to a baking oven 
set at 55°C for 48 hours. The samples were then placed in a dessicator for 2 
hours. Later, samples were re-weighed (baking dish, filter and sediment) to 
determine the dry weight of the sediment. Determination of carbon content, 
through loss on ignition, was determined by placing a 1 gram subsample into a 
muffle furnace for 2 hours at 550°C. The sample was then place in a dessicator 
for 2 hours before the ash weight was recorded. The weight loss was 
proportional to the amount of organic carbon contained in the sub-sample (Dean 
1974). To determine the total carbon collected in the sediment trap, the 
proportion of carbon in the sub sample was multiplied by the total dry weight of 
the sample.  
   
 

RESULTS 
 
HYDROGRAPHIC INFORMATION 
 

The principal currents, from late July to mid October, at Sites 1 and 2 are 
variable with the main direction flow closely resembling the contours of the coast 
line (SW-NE). Surface layers showed highest current velocities (~1.0 m/s), with a 
50% decrease (~0.5 m/s) within the first 10 m of the water column. At site 2, 
currents flowing perpendicular to the surface were observed at depths 6 to 21 m. 
Bottom currents were found to be minimal, with average velocities of 
approximately ~0.01 m/s. Summary diagrams of these currents are presented in 
Fig. 4a&b.   

 
 
SETTLING VELOCITY OF FEED PARTICLE 
 
 Feed pellet size and therefore settling velocity varied throughout the study 
period and between sites. Using data on feed pellet size provided by the site 
operators, settling velocity was determined using the relationship in Fig. 5. 
Comparison of settling velocities between salmon and trout feed of similar size 
were not significantly different, (paired t-test, t = -1.4604, df = 63, P-value = 0.15) 
and feed types were therefore combined (Fig. 5).    
 
 
MODEL VALIDATION 
 
 The model parameter settings and data input followed those values 
presented in Chamberlain et al. (2005) and references there within: food was 
assumed to have 10% water content, be 90% digestible and be composed of 
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53% carbon. Feces were assumed to have a settling velocity of 0.032 m/s and 
composed of 33% carbon.  
 

Analysis of model outputs showed that scenarios based on a 5% food 
wastage rate resulted in gross underestimates of carbon flux (g/m2/day) relative 
to measured sedimentation rates, especially directly below the farm sites 
(Fig. 6a). Alternately, model predictions more accurately reflected measured 
sedimentation rates when a food wastage parameter of 25% was used for Site 1 
and 30% for Site 2 (Fig. 6b).   

 
 Model predictions of carbon flux for Site 1 ranged from 51.27 g/m2/day 
directly below the farm site perimeter to 0.11 g/m2/day about 100 m to the SW of 
the farm site. Site 2 had showed a lower flux with 19.89 g/m2/day predicted 
directly below the farm site edge and 0.32 g/m2/day about 100 m to the NE of the 
farm site. These model flux values corresponded closely to the observed flux with 
R2 values of 0.96 for Site 1 and 0.98 for Site 2 (Fig. 7). Observed and predicted 
carbon fluxes were highest for Site 1 (Fig. 6), despite receiving less than half the 
daily feed input (Table 1). There was a strong deposition gradient with increasing 
distance from the cages for Site 1 and 2 (Fig. 8).  
  
 The 5 g/m2/day footprint, proposed as a regulatory measure in DFO (2006), 
was found to be 0.0233 km2 for Site 1 and 0.0804 km2 for Site 2. The 
depositional footprint was contained within an area directly below the farm for 
Site 1 and a maximum distance of 80 m from the cages for Site 2 (Fig. 9c).   
 
 

DISCUSSION 
 
MODEL PREDICTIONS AND SEDIMENT TRAPS 
 

Comparison of observed carbon flux determined using 15 sediment traps 
deployed at Sites 1 and 2, with predicted flux forecast using DEPOMOD were 
found to be similar with an average difference (observed – expected) of 0.008 
g/m2/day. This value falls well below the 13-20% accuracy stated by Cromey et 
al. (2002), indicating accurate performance of the model and ability to predict 
carbon deposition with distance from the farm sites over hard bottom substrates. 
The model also performed well for different farmed species, carbon flux for both 
trout (Site 1) and salmon (Site 2) were accurately predicted by DEPOMOD 
(Fig. 6b). 

 
The dominant NE-SW currents at Site 1 (Fig. 4a) resulted in an oval 

depositional pattern around the aquaculture site (Fig. 9). Alternately, the currents 
flowing in a perpendicular direction (to the shoreline) observed in the upper 0 and 
21 m at Site 2 (Fig. 4b) might explain the spherical deposition around the cage 
site (Fig. 9). Carbon deposition was predicted to be less on the NE end of the 
farm Site 1, a reflection of the bathymetry and fish harvest. Predictions for Site 2 
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showed a uniform distribution of carbon deposition below the cage locations, 
resulting from the uniform depth and current profiles.  

 
 There were some discrepancies among predicted and observed carbon flux 
values from sediment traps 0 m to the North (0N) and 25 m to the North (25N) for 
Site 1 and 0 m to the North (0N) for Site 2. Variations in observed carbon 
predictions could be caused by inaccuracies in sediment trap locations or grid 
cell resolution (10 m × 10 m). Predicted carbon flux values can 
increase/decrease by a factor of 5 to 6 from 1 cell to another, depending on the 
location, with larger changes occurring directly below the farm site. The 
underestimation of carbon flux, by DEPOMOD, at Site 2 may be a result of 
feeding methods (Cross 1990). Feeding at Site 2 is completed with a mobile boat 
mounted blower, which is tied to the cage edge before delivering feed to each 
cage. During feeding some pellets may fall off the boat and be deposited in the 
sediment traps situated below.  
 
 
FEED WASTE UNCERTAINTIES 
  
 The observed feed particles in sediment traps and the final feed waste 
percentage used to achieve accurate deposition profiles suggest the need for a 
better understanding of feed wastage from aquaculture sites. Sensitivity analysis 
of model outputs showed food waste and hydrographic data to be the most 
sensitive parameter in the particle tracking module (Chamberlain et al. 2005). A 
one percent increase in food waste results in a 0.5 kg (dry weight) increase in 
carbon deposition for every 100 kg of dry food. Initial input of the food wastage 
rates followed the latest estimate of 5%, proposed by Brooks and Mahnken 
(2003), but underestimated deposition (Fig. 6a). In order to use DEPOMOD as a 
regulatory tool to accurately forecast deposition worse case scenarios of feed 
wastage rates up to 30% need to be considered as suggested by this study. The 
use of 5% or less food wastage rate (Brooks and Mahnken 2003), will likely 
under predict carbon flux (Fig. 6a) and give erroneous results. An in depth review 
of the literature found estimates of feed wastage rates ranging from 1-35% 
(Weston 1986, Gowen and Bradbury 1987, Beveridge et al. 1991, Findlay and 
Watling 1994, Rosenthal et al. 1995, Brooks and Mahnken 2003), with particle 
waste as high as 1.36 tonnes per tonne of fish produced. The amount of feed 
wasted depends upon the feeding methods and efficiency, as well as feed 
composition (Brooks and Mahnken 2003). These parameters are site specific 
and therefore a single wastage rate to represent current day feed loss is not 
feasible.  
 
 The variations in feed waste percentages (Brooks and Mahnken 2003) and 
the impacts these variations have on estimates of carbon flux illustrates the 
importance of proper feed management at farm sites. Alanärä et al. (2001) 
suggests site specific feeding regimes based on local temperature, production 
and growth data. Utilization of such an approach may see a reduction in feed 
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wastage rates and a net increase in production. Aquaculture sites in 
Newfoundland would benefit greatly from additional research addressing current 
feeding methods and quantifying wastage rates. Although high feed wastage 
rates result in a much higher carbon flux (g/m2/day), the far field effects are still 
minimal. Regardless of the feed wastage rate (3-30%), the 5 gram regulatory 
footprint proposed by Chamberlain et al. (2005) did not exceed a distance of  
50 m from the cage edge. This is most likely due to the fast settling nature of the 
uneaten food pellets or feed waste, which accounts for ~80% of the observed 
deposition. 
   
 
HYDROGRAPHIC PARAMETERS  
 

Current profiles entered into DEPOMOD expose the particles to differential 
settling, turbulence and current shear regimes throughout the water column. 
Through sensitivity analysis, it has been shown that hydrographic data play a 
crucial role in prediction of particle deposition (Silvert and Cromey, 2000; Cromey 
and Black, 2005). One of the limiting factors of DEPOMOD is the ability to select 
only 5 bins (1 m each) of current data to represent current profiles of 5-15 m 
(depending on depth) in the model. For example, the bottom current for Site 1 
was recorded at a depth of 50 m from the surface but is assumed to represent a 
depth of 41-58 m in the model. The use of 5 current bins of different depths is 
recommended for aquaculture sites situated in areas with depths exceeding 
20 m, as velocity profiles can be variable, especially near the surface. A 
standardized method for determining representative current profiles is needed to 
reduce the variability in deposition as a result of current data. Although the 
simple hydrodynamic regime used by DEPOMOD is useful for modelling sites 
without detailed hydrographic data, the generalization of current profiles may 
cause some variability in the predicted deposition (Giles 2006).   

       
 The critical resuspension velocity for the model is set at 0.095 m/s and 
cannot be manipulated by the user. Chamberlain et al. (2005) found that such a 
velocity may over-estimate the resuspension and transport of materials away 
from the site, with 98% of deposition transported off the model grid. The 
estimates presented within this study assumed no resuspension, as bottom 
currents did not exceed the critical resuspension velocity. Additional work on the 
critical resuspension velocity of both fecal and feed particles and incorporation 
into the model may improve the accuracy of model predictions. However, 
aquaculture sites in Newfoundland often occur over deep water, with minimal 
bottom currents, and simulation of resuspension is likely not required in most 
cases.     
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FEED SETTLING VELOCITIES  
 

The sensitivity of DEPOMOD to changing model parameters such as 
currents, feed wastage rates, settling velocities, cage location, depth, grid 
resolution, and particle attributes have been extensively analyzed (Cromey et al. 
2002, Chamberlain et al. 2005). The capabilities and limitations this has on the 
ability of DEPOMOD to reproduce environmental observations has been defined 
in the literature (Cromey et al. 2002, Chamberlain et al. 2005) and was 
considered during this research. Settling velocities determined in this study 
differed from those presented by Chamberlain et al. (2005) and a logarithmic 
function (R2 = 0.91), as opposed to a exponential function (R2 = 0.81), better 
represented the settling velocities (Fig. 5). The higher proportion of fat content in 
feed and thus increased buoyancy with increasing pellet diameter, may explain 
the plateau observed in Fig. 5. During the experiment, some larger feed particles 
were observed floating at or near the surface with low settling velocities. Given 
the sensitivity of DEPOMOD to settling velocities (Chamberlain et al. 2005), and 
the ease of experimental set-up, feed specific settling velocities should be 
calculated. Given similar site characteristics, feed particles with faster settling 
velocities will create a smaller, but more concentrated, depositional footprint than 
those with slower settling velocities. However, additional factors such as 
currents, feeding rate and bathymetry also play a role in determining the size and 
shape of the depositional footprint.     

 
Further analysis on the sensitivity of model parameters was beyond the 

scope of this research and the main objective of validating DEPOMOD for hard 
bottom substrates in Newfoundland was tested and achieved. Although there is 
an acknowledged need to fully understand the feed waste parameter, a worse 
case scenario of 30% feed wastage rate should be used as a precautionary 
approach to ecosystem based management until further research is completed. 
Regardless, the model can now be used as a regulatory tool for determining the 
depositional footprint of the 5 g/m2/day threshold that indicates harmful alteration, 
disruption and/or destruction of fish habitat.  
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Table 1. Production data from Sites 1 and 2 used for validation of DEPOMOD. 
  
 Site 1 Site 2 
Fish Species  Trout Salmon  
Number of Cages 17 15 
Cage Dimensions (Diam. x 
Dep.) 

22m x 10m 31m x 10m & 28m x 10m 

Average Feed (kg/site/day) 6,859 10,772 
Average Biomass (kg/cage) 29,848 73,798 
Weight Range (kg) 1.3 to 3.3 2.2 to 4.1 
Average Fish Count 
(number/site) 

243,703 422,919 

 
 
 
 
 
 
Table 2. Daily feeding rate allocated to farm cages from July to October 2010 for 
Site 1.  
 
Site 1 Feed input (kg/cage) 

Jul. 27-31 Aug. 1-31 Sept. 1-30 Oct.1-15  
Month-1 Day-1 Month-1 Day-1 Month-1 Day-1 Month-1 Day-1 

1 2025 405 10650 344 12025 401 4450 297 
2 2050 410 10650 344 11800 393 6025 402 
3 1925 385 10750 347 11000 367 5775 385 
4 2275 455 11600 374 12575 419 6325 422 
5 2400 480 12100 390 13150 438 6500 433 
6 2625 525 12925 417 14200 473 3925 262 
7 2325 465 12275 396 13100 437 1775 118 
8 2950 590 11025 356 0 0 0 0 
9 3075 615 16400 529 4325 144 0 0 
10 2375 475 11300 365 12575 419 6525 435 
11 1825 365 9575 309 10375 346 5300 353 
12 1825 365 8900 287 9625 321 5100 340 
13 2175 435 11325 365 12050 402 5925 395 
14 2250 450 12200 394 12650 422 6275 418 
15 1850 370 10375 335 11125 371 5400 360 
16 2350 470 12975 419 6875 229 0 0 
17 1975 395 10350 334 6975 233 0 0 

Total 38275 7655 195375 6302 174425 5814 69300 4620 
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Table 3. Daily feeding rate allocated to farm cages from July to October 2010 for 
Site 2.  
 
Site 

2 
Feed input (kg/cage) 

Jul. 27-31 Aug. 1-31 Sept. 1-30 Oct.1-15  
Month-1 Day-1 Month-1 Day-1 Month-1 Day-1 Month-1 Day-1 

1 4700 940 26465 854 21170 706 10200 680 
2 5125 1025 29845 963 25200 840 13775 918 
3 4800 960 28175 909 25100 837 12450 830 
4 4125 825 23775 767 21000 700 11250 750 
5 3475 695 23225 749 19875 663 10125 675 
6 3850 770 22400 723 20425 681 10700 713 
7 3975 795 23915 771 20650 688 11050 737 
8 4550 910 25995 839 18872 629 8625 575 
9 4150 830 23875 770 20300 677 9500 633 
10 4225 845 24025 775 20025 668 10700 713 
11 3925 785 20545 663 18325 611 9500 633 
12 3600 720 17525 565 15850 528 8850 590 
13 4725 945 24225 781 19850 662 10825 722 
14 4200 840 21100 681 16275 543 9000 600 
15 3175 635 15900 513 12425 414 7800 520 

Total 62600 12520 350990 11323 295342 9847 154350 10289 
 
 

 
 



17 
 

 
 
Figure 1. (A) Map showing the location of the two aquaculture sites on the South 
coast of Newfoundland used in the study; (B&C) Diagram showing detailed 
bathymetry and cage locations of Sites 1 and 2.  
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Figure 2. DEPOMOD modules and associated input data used for modelling the 
deposition of marine finfish cages (Adapted from Figure 1 in Cromey et al. 2002). 
 

 
Figure 3. Schematic showing sediment trap positions for DEPOMOD validation.   
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Figure 4. Vector plots and current rose diagrams showing measured current 
velocities (cm/s) for the 5 layers used in DEPOMOD for: A) Site 1 and B) Site 2.  
The depth ranges (left legends) are representative of the different layers 
considered in DEPOMOD. 
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Figure 5. Relationship between pellet diameter and settling velocity with each 
point representing the mean of the data set. The mean and standard deviation of 
the entire data set was 11.6 and 1.8 cm/s, respectively.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure 6. Comparison of modelled and observed sedimentation rates. (A) Percent of feed wasted was set at 5% (B) 
Percent of feed wasted determined by maximizing R2 value. “S” stands for distance from cage going south and “N” from 
cage going north. 
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Figure 7. Comparison between observed and predicted carbon flux (g/m2/day) for 
Site 1 and Site 2.   
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Figure 8. Graph showing predicted carbon flux (g/m2/day) for Site 1 and 2 at 
various distances starting at the aquaculture site perimeter and heading along a 
NE transect.  
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Figure 9. Carbon flux (g/m2/day) for Site 1 and 2. A) Carbon flux overlaid on 3D 
bathymetry. B) Carbon flux overlaid on 2D bathymetry with contour lines C) Total 
area of the >5g/m2/day (red) regulatory carbon flux threshold.  
 
 


