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1 Environmental Monitoring Program Overview 

The aquaculture Environmental Monitoring Program (EMP) was implemented by the Nova 

Scotia Department of Fisheries and Aquaculture (NSDFA) in the fall of 2003. Industry 

expansion, increased public concern and a commitment to ensure environmental sustainability 

were the primary motives for developing the program.  

The EMP is conducted on an annual basis within aquaculture leases to assess the effect of 

organic deposition from aquaculture upon the marine environment. Aquaculture organic 

deposition tends to be more concentrated and persistent in bottom sediment, therefore a focus on 

the seafloor allows for a more accurate assessment of aquaculture effects compared to the water 

column. The marine Environmental Quality Objective (EQO) is to maintain oxic (oxygenated) 

sediment conditions. Oxygen consumption typically increases in sediments where organic 

deposition occurs until the benthic oxygen demand is greater than the supply, possibly creating 

hypoxic (oxygen deficient) or anoxic (non-oxygenated) conditions. Fish habitat concerns 

increase when sediment conditions become hypoxic and require appropriate site management 

responses to avoid wide-spread anoxia. Although sediment sulfide concentration is the key 

indicator for this EMP, a suite of sediment variables are measured to validate sulfide (PNS, 

2014a).  

Through scientific research, Environmental Quality Definitions (EQDs) have been established as 

a means of classifying the level of organic enrichment of marine sediments. The EQD’s contain 

both qualitative and quantitative variables (Table 1). Underwater video and sediment samples are 

collected at each station. Underwater video is recorded and reviewed to obtain qualitative 

information on the condition of the benthos at each site. Qualitative information collected 

includes: sediment type and colour, microbial presence and identification of macrofauna and 

flora. Quantitative analysis of surface sediment samples is performed to determine the sulfide 

concentration, oxidation-reduction potential, porosity and particulate organic matter. Total 

dissolved sulfides, measured in micromolar (μM), are a measure of the accumulation of soluble 

sulfides, a major product of sulfate reduction that occurs under anaerobic conditions and is 

therefore related to oxygen availability. This is a sensitive indicator of habitat degradation and 

the main indicator currently used to assess the effect of organic deposition from aquaculture. 

Sediment sulfide levels in excess of 1500 μM are generally considered to be anaerobic. 

Oxidation-reduction potential (redox), measured in millivolts (mV), is a measure of oxidation-

reduction potential in sediments. Positive redox values indicate the presence of oxic (aerobic) 

conditions, while hypoxic or anoxic (anaerobic) conditions are indicated by negative redox 

values. Redox is less reliable than sulfides; however sulfate reduction and the production of 

sulfide are closely related to redox. This relationship weakens somewhat for sediments with an 

oxic classification (Grant, 2010). Porosity is the percentage of pore volume or void space, or the 
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volume within any material (i.e., bottom sediment) that can contain water. Porosity is also known 

as sediment water content and can be used to interpret recent deposition at the sediment surface. 

Particulate organic matter is the proportion of sediment that is of plant or animal origin 

(combined) and is a good measure of organic deposition (Wildish et al., 1999; Hargrave et al., 

2008).  

Table 1. Environmental Quality Definitions (EQD) 

Measurement Oxic Hypoxic Anoxic

Sediment colour Tan to depth > 0.5 cm

Tan to < 0.5 cm with 

some black sediments 

at surface

Surface sediments 

black

Microbial presence
No sulphur bacteria 

present

Patchy sulphur 

bacteria

Widespread bacterial 

mats

Macrofaunal 

Assemblage

Wide array of infauna 

and epifauna

Mixed group of   

mostly small infauna
Small infauna only

Sulfide (µM)
< 750 (A)               

750 to 1500 (B)

1500 to 3000 (A)   

3000 to 6000 (B)
> 6000

Redox, Eh (mV)
> 100 (A)               

100 to -50 (B)

-50 to -100 (A)             

-100 to -150 (B)
< -150

Organic matter (%) ≤ reference 1.5 to 2x reference > 2x reference

Porosity (%) ≤ reference 1 to 10x reference > 10x reference

Sediment Classification

Q
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v
e
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n
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Table 2 outlines the sediment classification and sulfide concentration thresholds. These 

thresholds are used to define the sediment oxygen state:  aerobic conditions (oxygen present) are 

defined as oxic, while hypoxic and anoxic sediment classifications are considered anaerobic 

(oxygen depleted/absent). Sites are provided with a single classification (Level I monitoring) 

based on the proportion of stations with sulfide concentrations that fall within each sediment 

classification.  
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Table 2. Decision thresholds for sediment classification 

 

Minimum proportion of 

station means within 

each sulfide threshold 

range to determine 

sediment classification

Sulfide 

concentration  

thresholds (µM) 

Monitoring 

prompted

A ≥ 0.50 < 750

B ≥ 0.50 750 -1500

A ≥ 0.50 1500 - 3000

B ≥ 0.50 3000 - 6000 Level II

Anoxic ≥ 0.70 > 6000 Level II, Level III

Oxic

Hypoxic

Sediment 

classification

*Note: The class i fication indicating the most adverse sediment condition wi l l  be ass igned to a  s i te 

when sul fide data suggests  even dis tribution between two class i fications .
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Figure 1. Map of marine finfish and shellfish leases sampled during 2013 and 2014 EMP monitoring events 
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2 2013 EMP 

2.1 Level I  

The 2013 Level I EMP was conducted from June 18 to October 9 at nineteen (19) finfish and 

five (5) shellfish leases (Fig. 2). A combined total of eighty-two (82) finfish, eighteen (18) 

shellfish and forty-one (41) reference stations were sampled. Underwater video and sediment 

samples were collected at each station. Sediment was analyzed for oxidation-reduction potential, 

sulfide concentration, porosity and particulate organic matter. Stations were situated at each end 

of the site and were evenly distributed on either side of a longitudinal axis extending through the 

center of the containment array.  The minimum number of stations sampled at each lease was 

based on the maximum number of fish stocked within the production cycle (Table 3). 

 

Table 3.  2013 - Determination of minimum number of sampling stations (Level I) 

Maximum # of fish during 

production cycle 

Number of sampling stations 

required (not including 

reference stations) 

0 to 450,000 3 

450,001 to 600,000 4 

600,001 to 750,000 5 

750,001 to 900,000 6 

900,001 to 1,050,000 7 

1,050,001 to 1,200,000 8 

 

2.1.1 Results 

Figure 2 depicts the distribution of finfish, shellfish and reference station sulfide concentrations. 

Oxic sediment conditions were found in 100% of the reference and shellfish stations and 91% of 

the finfish stations sampled (Table 4). 
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Figure 2. 2013 Level I - Overview of sulfide results for leases sampled 
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Table 4. 2013 Level I - Number and percentage of stations within each sediment classification 

n % n % n % n % n %

75 91 6 7 1 1 0 0 82 100

n % n % n % n % n %

18 100 0 0 0 0 0 0 18 100

n % n % n % n % n %

41 100 0 0 0 0 0 0 41 100

SHELLFISH STATIONS

Oxic Hypoxic A Hypoxic B Anoxic Total

REFERENCE STATIONS

Oxic Hypoxic A Hypoxic B Anoxic Total

FINFISH STATIONS

Oxic Hypoxic A Hypoxic B Anoxic Total

 

 

Results from the 2013 Level I EMP reveal that the majority of leases monitored were classified 

as oxic, a small proportion were hypoxic A and B and no sites were classified as anoxic (Fig. 3). 
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Figure 3. 2013 Level I - Lease classification percentages 
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2.2 Level II 

The Level II EMP is required for sites classified as hypoxic B and anoxic to better delineate the 

affected area and more effectively define the zone of influence (PNS, 2014b). No leases were 

required to conduct Level II monitoring in 2013.  

2.3 Level III 

Level III is required for sites that consistently fail to meet oxic conditions and are classified as 

anoxic (PNS, 2014b). No leases were required to conduct Level III monitoring in 2013.  
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3 2014 EMP 

3.1 Level I  

The 2014 Level I EMP was conducted from July 9 to October 15 at eighteen (18) finfish and 

three (3) shellfish leases (Fig. 2). A combined total of one-hundred-nine (109) finfish, twelve 

(12) shellfish and thirty-five (35) reference stations were sampled. Underwater video and 

sediment samples were collected at each station. Sediment was analyzed for oxidation-reduction 

potential, sulfide concentration, porosity and particulate organic matter. The highest production 

cages were targeted for sampling, as well as stations at the extreme ends of the containment 

array. The minimum number of stations sampled at each lease was based on the maximum 

number of fish stocked within the production cycle (Table 5).  

 

Table 5. 2014 - Determination of minimum number of sampling stations (Level I) 

Maximum # of fish onsite 

during production cycle 

Minimum Number of sampling 

stations required (not including 

reference stations) 

0 to 300,000 3 

300,001 to 600,000 5 

600,001 to 900,000 7 

900,001 to 1,200,000 9 

 

3.1.1 Results 

Figure 4 depicts the distribution of finfish, shellfish and reference station sulfide concentrations. 

Oxic sediment conditions were found in 97% of the reference, 100% of shellfish and 77% of 

finfish stations sampled (Table 6). 
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Figure 4. 2014 Level I - Overview of sulfide results for leases sampled 
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Table 6. 2014 Level I - Number and percentage of stations within each sediment classification 

n % n % n % n % n %

84 77 9 8 13 12 3 3 109 100

n % n % n % n % n %

12 100 0 0 0 0 0 0 12 100

n % n % n % n % n %

37 97 1 3 0 0 0 0 38 100

REFERENCE STATIONS

Oxic Hypoxic A Hypoxic B Anoxic Total

Hypoxic B Anoxic Total

SHELLFISH STATIONS

Oxic Hypoxic A Hypoxic B Anoxic Total

FINFISH STATIONS

Oxic Hypoxic A

 

 

Results from the 2014 Level I EMP reveal that the majority of leases monitored were classified 

as oxic. A smaller proportion of leases were classified as hypoxic A, B and anoxic (Fig. 5). Prior 
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to the commencement of the monitoring season, the standard operating procedures were revised. 

One of the significant revisions affected the sampling design. The requirement in 2014 was for 

monitoring to take place on the cages with the highest biomass, whereas in previous years 

stations were evenly distributed throughout the containment array.  

Figure 5. 2014 Level I - Site classification percentages 
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3.2 Level II 

The Level II EMP is required for sites classified as hypoxic B and anoxic to better delineate the 

affected area and more effectively define the zone of influence (PNS, 2014b). Level II was 

conducted in 2014 from August 11 to September 2 at four (4) finfish leases. Thirty-one (31) 

finfish stations were sampled (reference stations are not sampled during Level II monitoring). 

Underwater video and sediment samples were collected at each station. Sediment was analyzed 

for oxidation-reduction potential and sulfide concentration. 

3.2.1 Results 

The majority of stations sampled (58%) were classified as oxic, followed by 19% classified as 

anoxic, 13% hypoxic A and 10% hypoxic B (Fig. 6 and Tbl. 7).  
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Figure 6. 2014 Level II - Overview of sulfide results leases sampled 
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Table 7. 2014 Level II - Number and percentage of stations within each sediment classification 

n % n % n % n % n %

18 58 4 13 3 10 6 19 31 100

FINFISH STATIONS

Oxic Hypoxic A Hypoxic B Anoxic Total

 

3.3 Level III 

Level III is required for sites that consistently fail to meet oxic conditions and are classified as 

anoxic (PNS, 2014b). During the 2014 EMP, one (1) finfish lease was classified as anoxic. This 

lease will be required to conduct monitoring in 2015. 
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