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Executive Summary 

This report provides a synthesis of the biological data collected throughout the Mactaquac 

Aquatic Ecosystem Study (MAES) from 2014 to 2017. It provides a characterization of the 

baseline conditions of the aquatic biological community in the Saint John (Wolastoq) River. 

The report focuses on data collected from the Mactaquac Generating Station (MGS) 

headpond, downstream to the city of Fredericton, NB (~ 18 rkm) but also includes a limited 

amount of data collected near Gagetown and Grand Lake Meadows (both downstream of 

Fredericton).  Aquatic communities that have traditionally been considered when 

evaluating environmental impacts and change in an ecosystem are characterized here, as 

well as novel aquatic communities, including: invasive and species at risk, juvenile eels, 

benthic invertebrates, dragonflyies, fishes, freshwater mussels, plankton, and macrophytes. 

Other important information was identified such as the concentration of mercury in fishes, 

and an assessment of the trophic niche width of the aquatic community is also provided. 

Where relevant, key data gaps and recommendations are identified, and methods are 

proposed to improve both future monitoring and analyses of future data.  

Key results include:  

 the observation of a new invasive species (Eurasian Milfoil, Myriophyllum spicatum),  

 the observation of several species at risk (e.g., Yellow Lampmussel, Lampsilis cariosa 

and Skillet Clubtail, Gomphus ventricosus),  

 the presence of American Eel elvers in the immediate vicinity of the MGS spillways,  

 an increase in the abundance of pollution tolerant benthic invertebrates,  

 dragonfly exuviae are found primarily within 1 m off the ground and within 5 m of 

the natural shoreline in Grand Lake Meadows,  

 fish population relative abundance estimates require increased sampling effort,  

 mercury concentrations in some large fishes exceeded Health Canada guidelines,  

 an index of the ecological niche space suggests differences in the aquatic community 

above and below the MGS,  

 common freshwater mussel species are abundant below the MGS, but greater search 

effort is required to detect species at risk,  

 the plankton community above and below the headpond is extremely diverse and 

similar, and  

 hydroacoustic surveys coupled with localized site sampling can  be used to assess 

macrophyte coverage and diversity in a large river.  

Recommendations in this report will support the development and use of ecologically 

relevant aquatic biological indicators and triggers for the SJR.
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1. Introduction 

The Saint John River (SJR), also known as the Wolastoq, is the largest river in Atlantic 

Canada with a watershed area of over 55,000 km2 (Kidd, 2011). The SJR flows from its 

headwaters in Maine to its terminus at the Bay of Fundy, in Saint John, New Brunswick. The 

mainstem of the river flows largely (51%) through the province of New Brunswick, while 

its headwaters and several tributaries are found in Maine (36%) and Quebec (13%; Kidd, 

2011). Several important tributaries flow into the SJR in New Brunswick and are listed in 

Kidd (2011). For a detailed account of the history and development of the SJR see Kidd 

(2011). 

The Mactaquac Generating Station (MGS) is a large hydropower dam (670 megawatts) on 

the SJR, approximately 18 river km (rkm) upstream of the City of Fredericton, NB. The MGS 

facility is 1,100 m long with a hydraulic head of 34 m under typical operating conditions 

and incorporates six Kaplan turbines. Final construction of the MGS was completed in 1968 

and the dam was expected to have a service life of 100 years. However, due to a process 

known as alkali-aggregate reaction the electrical generating capacity at the MGS may reach 

its end of service life as early as 2030. 

In 2013, New Brunswick Power (NB Power) engaged the Canadian Rivers Institute (CRI) 

and the University of New Brunswick to undertake a collaborative study evaluating 

potential impacts on the SJR from three future development options for the MGS. 

Subsequently, CRI established the Mactaquac Aquatic Ecosystem Study (MAES) which is a 

phased, multi-year observational and manipulative study to develop indicators and predict 

impacts on the SJR under each development option. In 2016, a fourth development option 

to achieve the facility’s original end of service life was proposed. 

In order to define ecologically relevant indicators, MAES monitored several components of 

the aquatic ecosystem. Ideally, indicators will be those that are responsive to change, for 

which change can be attributed to development (i.e., and not due to regional climatic 

changes), and are ecologically relevant (Kilgour et al., 2007, Arciszewski and Munkittrick 

2015). Indicators can then be monitored through time and compared against baseline 

“norms”, or expected outcomes, to evaluate the magnitude of change and determine if 

management actions are required (Arciszewski and Munkittrick 2015).   

 

Aquatic biological conditions summarized in this report include: presence of invasive and 

species at risk; presence and relative abundance of American Eel (Anguilla rostrata); 

diversity and abundance benthic invertebrates; presence, distribution, and diversity of 

dragonfly exuviae; diversity, relative abundance, and population deomgraphics of the fish 

community; a preliminary assessment of mercury in select SJR fishes; an assessment of the 

isotopic niche width of key fish species in the SJR food web; the presence, distribution and 
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relative abundance of freshwater mussels (Unionidea); the diversity and abundance 

plankton; and, species richness and distribution of aquatic macrophytes. Where previous 

methods or method of analysis for the aforementioned biological conditions have not been 

previously reported in the MAES publication series, detailed methods are outlined in 

Section 2 below.  

 

The purpose of this report is to provide an overview of the baseline aquatic biological 

conditions in the SJR during the contemporary period (2014-17). The majority of the data 

analyzed in this report was collected from the mainstem of the SJR, downstream of the MGS 

to the city of Fredericton, and in the MGS headpond. This report is intended to be used as 

background material to support the development and application of ecologically relevant 

aquatic biological indicators and triggers for the SJR. Much of the raw data and reports are 

available at http://canadarivers-gis.maps.arcgis.com/home/index.html. 

 

2. Methods 

2.1. Invasive and Species at Risk Observations 

Across all MAES sampling programs capture records were evaluated to develop a 

comprehensive invasive and species at risk list. Collection and identification methods are 

specific to each MAES sampling program from which the species was collected, and the 

program is identified in the species list.  

2.2. American Eel Elver Sampling and Analysis 

Field Collection 

Dixon et al., (2018) describe the methods used to capture juvenile American Eel, called 

elvers, in a targeted study of the SJR downstream of MGS. Passive gears deployed in 2015 

consisted of habitat traps, tube trap, and a box trap. In 2016, an umbrella net (called 

abundance net in Dixon et al., 2018) was used to actively capture eel. Figures 5 & 6 in Dixon 

et al., (2018) illustrate the capture sites where the various passive and active gear types 

were deployed between 2015 and 2016. In addition, an eel ramp was also deployed near 

the MGS in 2016. In the spring of 2017, two eel ramps were located downstream in the 

estuary of the SJR to target migrating elvers, and in the summer the ramps were located 

closer to the MGS within 100m of the Accelerated Rearing Facility. Finally, nighttime 

surveys of the diversion sluiceway and the main spillway of MGS were completed in late 

summer 2016 (July-September) and in 2017 (June-August).  

During spillway surveys, eels were photographed every 1-2 weeks based on a 30x30 cm 

quadrat grid that was placed along zones on the spillway, with three horizontal and three 

http://canadarivers-gis.maps.arcgis.com/home/index.html


MAES Report Series 2019-066 

3  
 

vertical replicates in each zone. In 2017, eels were captured during spillway surveys 

(variable number per night, and not all eels observed were captured), measured, and 

implanted with a Visible Implant Elastomer (VIE) tag in order to assess elver movement 

between spillway gates throughout the duration of the annual surveys. 

Dixon et al., (2018) report the number of trap retrievals, umbrella net sets, and night 

surveys conducted during the study period (2015-2017).  

Analyses 

The total number of elvers captured per year is reported, pooled among collection 

methods. Additionally, annual total capture of elvers by gear type is reported.  

Passive gear capture is reported as the mean number of elvers observed in all traps (of a 

single type) per retrieval day. Habitat traps do not prevent elvers from moving into or out 

of the trap and thus the amount of time between habitat trap retrieval is not considered a 

unit effort. Umbrella net relative abundance estimates were standardized as the number of 

eels caught in 5 minutes, and is the mean of two consecutive sets per site, per sampling day. 

Incomplete efforts (e.g., flipped trap or trap discovered out of water) were not included in 

total summaries. 

No gear was used consistently across years and therefore no temporal analyses were 

conducted. Photographic quadrat survey data processing is not complete and the results 

are not presented here.  

Length frequency histograms were calculated using elver length (mm) measurements in 

2015, 2016, and 2017; however, the data is not quantitatively compared between years due 

to the differences in methods used to collect the eels among years, timing of collection 

differences across years, and the potential influence of aggregation (elvers collected during 

ascent attempt at MGS spillways) in 2017 data. Figures were created in RStudio (RStudio 

Team, 2015). 

2.3. Benthic Invertebrate Sampling and Analysis 

Field Collection 

Wallace and Monk (2015) describe the methods used to collect benthic invertebrates from 

2014 to 2017 in the SJR downstream of MGS to the Bill Thorpe Walking Bridge in 

Fredericton. Collection followed the Canadian Aquatic Biomonitoring Network (CABIN; 

Environment Canada, 2012) protocol for large rivers. Fifteen sites in the study area of the 

SJR and two reference sites (SJR in Claire, NB and in the Nashwaak River) were sampled 

annually (Table 1). Each site consisted of a 100 m reach and contained of one of two habitat 
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types: edge-backwater, depositional or riffle-gravel-sand. See Wallace and Monk (2015) for 

an illustration of site locations (Figure 1 therein).  

Table 1: Location and habitat characterization of benthic macroinvertebrate sites sampled 

from 2014 to 2017 in the SJR (used with permission, Wallace and Monk, 2015). 

*Represents reference sites. 

 

Analysis 

MAES collected CABIN data was submitted to the national CABIN database that is 

maintained by Environment and Climate Change Canada. This database generates common 

benthic macroinvertebrate summary results and indices that can be exported based on 

selected taxonomic level and across sites/years. From the CABIN database, the following 

metrics were exported for each site/year of the MAES sampling program at the taxonomic 

level of Family: percent total abundance of the five most dominant taxa represented at a 

site, percent of the total abundance that the most dominant taxa represents at a site, sum of 

the total number of EPT individuals, number of EPT taxa, Hilsenhoff Family Index (HFI, 

Mid-Atlantic), ratio of the number of EPT individuals to Chironomids plus EPT individuals, 

Shannon-Wiener Diversity Index, Simpson’s Evenness Index, percent of tolerant 

individuals, total abundance at a site, and total number of taxa at a site.  

EPT represents the orders of Ephemoptera (mayflies), Plectoptera (stoneflies), and 

Trichoptera (caddisflies) which are considered pollution sensitive taxa (Mandaville, 2002). 

Site ID Latitude Longitude Collection Method Habitat

SJR-BUR 45.9717 -66.8053 CABIN kick Riffle

SJR-BWR 45.9758 -66.7277 CABIN kick Riffle

SJR-CON* 47.1843 -68.8836 CABIN kick Riffle

SJR-GRA 45.9688 -66.6687 CABIN kick Riffle

SJR-GRB 45.9618 -66.8519 CABIN kick Riffle

SJR-GRP 45.9763 -66.7749 CABIN kick Riffle

SJR-HAR 45.9682 -66.7527 CABIN kick Edge

SJR-ISL 45.9745 -66.7508 CABIN kick/sweep Edge/Riffle

SJR-KBW 45.9829 -66.8183 CABIN kick/sweep Edge/Riffle

SJR-KWF 45.9914 -66.81 CABIN kick/sweep Edge

SJR-MKF 45.9648 -66.8226 CABIN kick/sweep Edge/Riffle

SJR-MOR 45.9456 -66.2631 CABIN kick/sweep Edge

SJR-NAS* 46.2962 -66.7809 CABIN kick Riffle

SJR-NSC 45.9671 -66.6316 CABIN kick/sweep Edge

SJR-NWS 45.9722 -66.6598 CABIN kick/sweep Edge

SJR-RIF 45.9713 -66.7783 CABIN kick Riffle

SJR-TRB 45.9562 -66.6252 CABIN kick/sweep Edge
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Whereas Chironomids are typically considered pollution tolerant. The Hilsenhoff Biotic 

Index (here Family Index), is an estimate of the overall tolerance of a benthic community to 

pollution (Mandaville, 2002). The index is weighted by the relative abundance of each 

family; each family is assigned a value of 0 (most sensitive) to 10 (most tolerant) based on 

known sensitivity to pollutants. Appendix 1 provides a list of the formulae used by the 

CABIN database to create the above metrics. The calculated metrics only include organisms 

that were identified to the Family level, except for total abundance. Additionally, taxa that 

are excluded from standardized CABIN calculations (Environment Canada, 2014) are not 

included in estimates of the above listed metrics. 

Mean annual results (not including reference sites) for most of the above metrics were 

analyzed for temporal trends using the non-parametric, monotopic Mann-Kendall trend 

test using the package trend in RStudio (Pohlert, 2018). Among year comparisons were also 

performed to determine if significant differences occurred between years using the non-

parametric Kruskal-Wallis test, because most indices across years were found to have non-

normal distributions (Shapiro-Wilk test). Where significant differences were found 

between years, Dunn’s Kruskal-Wallis Multiple Comparison post-hoc test was performed. 

Total abundance and the total number of EPT individuals metrics were log transformed 

(x+1) given the wide variance between sampling sites and years, and evaluated for among 

year difference using one-way analysis of variance and post-hoc Tukey’s test in R (R Core 

Team, 2018).  

Within and among year site differences (not including reference sites) were expressed in 

terms of their dissimilarity using the Bray-Curtis statistic in RStudio and the package vegan 

(Oksanen et al., 2018). Benthic data was log transformed (x+1) prior to analysis. 

2.4. Dragonfly Exuviae Collection and Analysis 

Field Collection 

As dragonflies transition to the adult stage of their life cycle, they emerge from their larval 

aquatic habitat and shed their exoskeleton, which is called an exuvia. Orlofske et al., (2015) 

describes the methods used to collect odonate exuviae in 2014 in the SJR downstream of 

MGS. Specifically, the study occurred in the Grand Lake Meadows wetland complex as well 

as a 50 km reach of shoreline along the main channel of the SJR (in the vicinity of Grand 

Lake Meadows). O’Malley et al., (in prep) describes similar methods used in subsequent 

sampling in 2015 and 2016, including increased environmental parameter sampling and 

the addition of three sampling sites (Table 2). Briefly, visual surveys of vegetation were 

conducted at each site along transects (40 – 120 m) from the water’s edge to the tree line 

during peak emergence (early June to early July) and observed exuviae were collected. The 

distance from the water’s edge and height of collection were recorded. The number of trees 
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inspected at each transect varied from 13 to 41. Various aquatic (e.g., water level, 

temperature) and terrestrial (e.g., tree size, vegetation cover and type, distance from water, 

etc.) habitat parameters were recorded. The distance an exuvia was collected from the 

water’s edge, or the height of collection, may be a negative value: for example, due to a 

change in water level a tree may become submerged and the distance to the shoreline 

would become negative. Similarly, if an exuvia was collected from below the bank due to 

undercutting, the height of collection would be a negative value as measured from the 

substrate. 

O’Malley (2018) describes the methods used to deploy and retrieve in-situ loggers to 
estimate both water depth and temperature. Water depth was calculated based on a 
conversion of pressure recordings also collected with in-situ loggers. In 2015, water level 
was estimated from loggers place at sites: 27, 34, 33, and 32 (Table 2). In 2016, water level 
was estimated from loggers at sites: 26, 27, 29, 32, 33, 34, 46, 51, and 54. 
 
Table 2: Dragonfly exuviae sample sites in Grand Lake Meadows (wetland), Nashwaak 

(tributary) and Saint John River (large river) areas. Flow types were classified based on the 

flow characteristics of the site. (Reproduced from O’Malley et al., in prep). 

Site Area Site Code Latitude Longitude Flow Type Year 
Upper Gagetown 26 45.85157 -66.23051 Large River 2014, 2015, 

2016 Ararat Marsh 27 45.76935 -66.13137 Large River 
Upper Gagetown 32 45.84832 -66.22298 Large River 

McGowan’s Corner 33 45.85795 -66.23872 Large River 
McGowan’s Corner 34 45.87135 -66.26866 Large River 

Fredericton Northside 48 45.94311 -66.62189 Large River 
Fredericton Southside 51 45.94035 -66.62921 Large River 

Portobello NWA 29 45.89521 -66.2728 Wetland 
Thatch Island 31A 45.83061 -66.1495 Wetland 
Thatch Island 31B 45.82716 -66.14588 Wetland 

Jemseg 46 45.82654 -66.11598 Wetland 
Nashwaak 52 45.95648 -66.62297 Tributary 2016 only 
Nashwaak 53 45.98041 -66.59087 Tributary 
The Oxbow 54 45.89981 -66.25688 Wetland 

 

Analyses 

The total number of exuviae collected per year is reported, along with the total number of 

species collected per year. Additionally, annual means for the following parameters are 

reported: number of exuviae found per site and pooled among flow (habitat) types, and 

male to female collection ratio.  Annual frequency of exuvia collection distance from shore 

and height of collection were calculated using size bins of either 2 (distance) or 1 (height) 

m for river and wetland habitats, pooled among sites. 
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Species richness and Simpson’s diversity index were calculated using the total number of 

exuviae collected per year within a site. The calculations were performed using the vegan 

package in RStudio. Simpson’s Diversity Index (which differs from Simpson’s Evenness 

Index discussed above) was calculated, per sample, as:  

𝐷 = 1 − ∑ 𝑝𝑖
2 

𝑆

𝑖=1

 

where S is the number of species and pi is the proportion of the ith species. Simpson’s 

diversity index represents the likelihood that two individuals selected randomly from a 

sample would be different species; it is a composite index of community structure that 

incorporates both species richness and relative abundance (Trumpickas et al., 2012). A 

non-parametric, montopic trend test was then performed within sites across years, and 

pooled among sites across years, using the Mann-Kendall function from the trend package 

in RStudio. 

Peak emergence timing of exuviae in 2015 and 2016 was estimated as the total number of 

observed emergent exuviae (all species) on each field sampling day, pooled across sites.  

2.5. Fish Community Sampling and Analysis 

Field Collection 

River 

Gautreau (2015) describes the field equipment, sampling strategy, and method of 

individual fish assessment used to sample the fish community downstream of the MGS in 

four core “supersite” areas: the tailrace, side channel, island areas, and the main channel. 

These areas are identified in Figure 1. In all supersites the fish community was sampled 

using a beach seine, a 3 foot fyke net, and a boat electrofishing unit in 2015, 2016, and 

2017. Beach seines were conducted throughout the day, with the exception of N=12 

samples taken overnight in 2017. Similarly, boat electrofishing was conducted during the 

day or early evening in all years with the exception of N = 12 samples in 2017 which were 

conducted at night. These night time samples were employed to evaluate the difference in 

total catch, species richness, and catch-per-unit-effort (CPUE) between paired day and 

night samples using the beach seine and boat electrofisher (Wall, 2017). The night samples 

are included in all summary data except where except where explicitly mentioned in the 

results below (Section 3). 
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Figure 1: Fish community survey site location, by year and gear type, within each supersite 

area.  

 In 2016 and 2017, some sites were also sampled using backpack electrofishing and multi-

mesh bottom set gill nets. Neither the backpack electrofishing unit nor gill nets provided 

sufficient data for meaningful analysis and are not discussed further.   

Gear specifications for the seine, fyke, and boat electrofishing unit are provided in Gautreau 

(2015). Sampling effort (the number of samples per gear type) was not consistent across 

years or across gear types among years (Table 3). Due to a technical issue with the 

electrofishing boat, there are fewer samples using this gear type in 2016 than in other 

years (Table 4).  In 2015 and 2016, fish community sampling occurred from August until 

early November, whereas in 2017 sampling occurred from mid-June through to October. 

The total sampling effort was nearly equal between early (June and July) and late (August-

October) summer in 2017; however, sampling effort among gear types was not consistent 

between early and late seasons (Table 4).  
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Table 3: Total number of fish community samples collected per year by gear type. 

  2015 2016 2017 

eBoat 30 21 80 

Fyke 6 9 24 

Seine 17 10 44 

 

Table 4: Total number of fish community samples collected in 2017 within each supersite 

area, by season (early = June-July, late = August-October) and gear type. 

2017 eBoat Fyke Seine 

Season Early  Late Early  Late Early  Late 

Islands 17 14 7 4 16 4 

Main Channel 9 7 3 0  10 0  

Side Channel 4 2 2 2 2 0 

Tailrace 20 7 4 2 12  0 

 

 Headpond 

Gautreau et al., (2018) describes the sampling protocol employed to characterize the fish 

community of the MGS headpond in 2016 and 2017. A stratified random design was used to 

determine site location for fyke net sets in 2016; twenty four sites were selected in total 

(Figure 2). At each site two fyke nets were set (total effort is 48 net sets). Sampling 

occurred between September 27th and November 3rd. In 2017, a single fyke net was set per 

site, and the sites were not always consistent with 2016 sites. Additionally in 2017, boat 

electrofishing and seining gear types were employed to further assess the fish community 

of the headpond (Figure 2). In 2017, a total of 42 boat electrofishing surveys, 33 fyke net 

sets, and 5 beach seine hauls were completed. Sampling occurred between June 26th and 

September 20th, where boat electrofishing occurred predominantly from late June to early 

August, and fyke and seine netting occurred from mid-August to mid-September. 
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Figure 2: Fish community survey site location, by year and gear type, within the headpond. 

Sites may be obscured when sampled by multiple gears or in both years, see Gautreau et al., 

(2018) for a full list of sampling locations and dates. 

Data Standardization 

Prior to analysis of the relative catch, each sample was standardized by effort: fyke net 

catch was standardized as catch per hour, boat electrofishing effort was standardized as 

catch per 100 shocking seconds, and each beach seine was considered one unit of effort. All 

sampling events that had incomplete effort (e.g., fyke net rolled during the night, or a large 

hole was discovered in the beach seine) were excluded from CPUE analyses. Zero catch 

data was generated based on a total species list from all sites. The influence of early 

summer sampling in 2017 on mean annual species CPUE was evaluated using a non-

parametric Mann-Whitney test in RStudio. While CPUE was consistently higher in early 

summer sampling compared to late season sampling for all of the most frequently caught 

species (American Eel; Brown Bullhead, Ameiurus nebulosus; Banded Killifish, Fundulus 

diaphanous; Common Shiner, Luxilus cornutus; Smallmouth Bass, Micropterus dolomieu; 

White Sucker, Catostomus commersonii; and, Yellow Perch, Perca flavescens), only one 
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significant relationship was found, where boat electrofishing CPUE of Smallmouth Bass was 

significantly higher in the early season (p = 0.01; CPUE season 1 = 0.30 fish /100 sec 

compared to season 2 = 0.08 fish / 100 sec). However, site location varied between seasons 

and it is unclear if significant differences in CPUE were due to sampling season, or site 

selection differences. Therefore, all sampling efforts (i.e., both seasons) from 2017 were 

pooled and included estimates of mean annual species CPUE. 

All fish that were categorized as young of the year (YOY) in the field were considered not 

fully recruited to any gear type and were excluded from CPUE and fish population 

demographic analyses. However, total catch of some YOY species are reported given their 

large contribution to the overall catch. 

Length-weight relationships were plotted for all species and outliers were visually 

identified and removed from subsequent analyses. Length-weight relationships and length 

frequency histograms were based on pooled annual data: that is, individual fish data was 

combined across gear types to increase the sample size for each species. While it is 

recommended to avoid pooling fish population demographic data across gear types 

(Neumann and Allen, 2007) due to differing catchability and selectivity of each gear, it was 

necessary here given low number of individuals measured annually in each gear type. 

Gautreau et al., (2018) describes how fish community data collected from the headpond 

was standardized, and follows a similar method as presented here (e.g., CPUE for boat 

electrofishing is presented as fish / 100 shocking seconds, and fyke net CPUE is fish per 

hour).  

Analyses  

The below analyses refer to the river fish community data only. The headpond fish 

community data was recently analyzed by Gautreau et al., (2018): an overview of those 

results are reported here. In Gautreau et al., (2018), condition is reported as Folton’s K and 

is calculated as described below. 

Total Catch 

The annual total catch of each species was calculated as the sum of all captures, pooled 

among gear types within a year.  

Relative Abundance 

CPUE data was pooled across all sampling sites to yield a single mean annual estimate of 

CPUE per species and gear type. Where mean CPUE was > 0 it was evaluated for normality 

using the Shapiro-Wilk statistic. There was no case where CPUE data for a species was 

normal in all three years of sampling (2015, 2016, and 2017). Log transformation of the 
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data (accounting for zeros by adding 1 to all catches) did not improve normality 

consistently among species or years and thus untransformed data was used in subsequent 

non-parametric statistical analyses. 

Mean CPUE for each species was evaluated to determine if the relative standard error 

(RSE) of the estimate was <0.2 (20%). RSE is calculated as the standard error divided by 

the estimate, multiplied by 100. Mean CPUE estimates with RSE > 25% are considered 

imprecise, or have high sampling error, and resulting trends among years in species catch 

may not be representative of true changes in the population (Dumont and Schlechte 2004, 

Koch et al., 2014). In order to have confidence in temporal trend analysis results, each 

annual species estimate of CPUE should be <20% (because 25% is a worst case scenario 

and 15% or lower is considered ideal, 20% was used as a benchmark; Dumont and 

Schlechte 2004). RSE values were calculated for mean annual CPUE where, 1) data was 

pooled among supersite area, and 2) for each supersite area individually (e.g., tailrace, side 

channel, island area, and main channel). Estimating mean annual CPUE by supersite area 

did not improve the RSE estimates sufficiently to warrant further exploration. The analysis 

revealed that no species demonstrated consistent RSE estimates <20% for all sampling 

years.  

Therefore, based on the influence of season on the 2017 CPUE estimates, non-normality of 

the data, and poor CPUE precision (RSE), statistical trends of temporal changes in mean 

annual CPUE are not recommend and not presented here.  

Population Demographics 

Mean annual total length (mm), weight (g), standard deviation, and number of individuals 

measured were calculated for each species, pooled among gear types. Total length (TL) was 

used in place of fork length because TL was more frequently recorded for all species. 

Annual length frequency data, pooled among gears, of the most frequently caught species 

(American Eel, Brown Bullhead, Banded Killifish, Common Shiner, Smallmouth Bass, White 

Sucker, and Yellow Perch) were calculated using size bins of either 10 or 25 mm (Neumann 

and Allen, 2007) based on the number of fish per size class and to enhance figure clarity. 

Length frequency data were then evaluated for normality using the Shapiro-Wilk statistic. 

Annual length frequency data were found to be normally distributed for American Eel and 

Brown Bullhead in 2016 (p>0.05). Sample size of measured fishes were not consistent 

across years. Additionally, it is likely that annual length frequency data is temporally 

dependent (Neumann and Allen, 2007). Therefore parametric evaluations across years of 

length frequency data was not pursued.  

The relative weight (Wr) of species for which a standard weight equation exists and > 20 

individuals were caught per year (Brown Bullhead, Smallmouth Bass, White Sucker, and 
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Yellow Perch), was calculated using the FSA package in RStudio (Ogle, 2016). This package 

relies on individual fish total length (mm) and weight (g) measurements. Relative weight is 

calculated as: 

𝑊𝑟 =   
𝑊

𝑊𝑆
   ∗ 100  

where W is weight (g) and Ws is the standard weight for a species (Pope and Kruse, 2007). 

The FSA package eliminates fish below the recommended minimum length for inclusion 

(Ogle, 2016) and reports the Wr  for each individual. The mean annual Wr  and associated 

standard deviation was then calculated for each species per year. To assess if Wr  was 

related to fish length a Kruskal-Wallis non-parametric test was employed for each of the 

most commonly caught species using a 25 mm size bin. Mean annual Wr was then 

compared among years for each species to determine if temporal trends exist using the 

non-parametric Kruskal-Wallis test. For species where no standard weight equation exists, 

an estimate of mean annual Fulton’s K was calculated. Given the known limitations when 

comparing Fulton’s K among species and across time (Pope and Kruse, 2007), temporal 

analysis of this parameter is not presented here.  Fulton’s K is calculated as:  

𝐾 =  
𝑊

𝐿3
∗ 100,000 

where W is weight (g) and L is total length (mm).  

Diversity and Richness 

Species richness and Simpson’s diversity index (as defined above in section 2.4) were 

calculated using raw catch data (i.e., not standardized by unit effort) for each sample per 

year. Samples with incomplete effort were excluded from the analysis. The calculations 

were performed using the vegan package in RStudio as described above. Richness was 

calculated as the total number of identifiable species caught annually for 1) pooled across 

all gears, and 2) for each gear type. Prior to temporal analysis, the diversity index data was 

checked for normality using the Shapiro-Wilk statistic. A non-parametric, montopic trend 

test was then performed using the Mann-Kendall function from the trend package in 

RStudio. 

Monitoring Program Development 

The fish community surveys completed during Phase I of MAES (2015-2017) were used to 

inform sampling targets and the development of an overall standardized long term fish 

community monitoring program for the SJR downstream of the MGS.  
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First, CPUE is a desirable metric to monitor for changes in the status of the fish community 

through time. In order to have confidence that our estimates of CPUE of the sample 

population reflects the SJR population, the number of samples per year by gear type must 

have sufficient precision (i.e., RSE < 20%). To determine the number of samples required to 

meet the desired level of precision, mean RSE and 95% confidence intervals were 

estimated using bootstrapping (999 iterations) of the standardized CPUE data from 2015 

to 2017 for each species and gear type. For each potential sample size between 5 and 200, 

in increments of 5, RSE was calculated from a random sample (with replacement). The 

bootstrap was limited to N=200 samples because >200 samples (for each gear type) would 

be infeasible to complete during one field season. The number of samples required to reach 

RSE <20% (if attained) for each species, gear type, and year combination is reported.  

Wall (2017) suggested that night sampling improves estimates of CPUE and species 

richness with reduced effort as compared to day time sampling. Therefore, the RSE of CPUE 

data collected in 2017 from paired sites (N=12 day time and N = 12 night time for seine and 

boat electrofishing) were qualitatively compared to determine the benefit (in terms of 

reduced effort for increased precision) of sampling at night.   

A discussion of study design is provided to inform site selection (e.g., fixed versus random 

sampling) and sampling strategy (e.g., stratified sampling) development considering 

program objectives such as temporal trends in CPUE, population demographics, and 

diversity.  

Annual species population demographic data (e.g., length and weight, length frequencies 

and relative weight) were analyzed to determine the number of required measurements to 

detect an effect (between year change) with 0.8 power at a significance level of 0.05 

(Cohen, 1988). Tests were conducted in RStudio using the pwr package (Champely, 2018) 

for a one-way analysis of variance with effect size calculated per species as:  

𝑓 =  
𝑠𝑚

𝑠
 

where f is the statistical effect size of the grand mean (all years), sm is the standard 

deviation of the grand mean, and s is the average annual standard deviation.  

At this time a monitoring program is not being developed for the MGS headpond. 

Therefore, considerations outlined above are not replicated for the headpond fish 

community. 

2.6. Assessing Total Mercury Concentrations in Fish 

Field Collection 
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Reinhart and Kidd (2018) describe the methods used to determine total mercury 

concentrations in fish muscle samples collected from four sites up and three sites 

downstream of the MGS. Fish were collected between July and October in 2017.  

All collection sites were under the influence of the MGS and the furthest upstream 

collection site was in Nackawic. Several fish were collected through the MAES fish 

community sampling program described in section 2.5 (species: American Eel; Gaspereau, 

Alosa aestivalis and A. pseudoharengus; Small and Largemouth Bass, Micropterus salmoides; 

White Perch, Morone Americana; and, White Sucker). Rainbow Trout (Oncorhynchus 

mykiss) and Muskellunge (Esox masquinongy) were provided by the Mactaquac Biodiversity 

Facility. Finally, Shortnose Sturgeon (Acipenser bervirostrum) and Striped Bass (Morone 

saxatilis) samples were obtained from specimens collected as a result of angling mortality. 

Fish length and weight were recorded prior to dissection.  

Total mercury (incorporating both inorganic and organic mercury) was analyzed in fish 

muscle tissue to approximate the concentration of the toxic organic form of mercury, 

methylmercury, based on the established relationship between methylmercury and total 

mercury in muscle tissue (>95% of total mercury in fish tissue is methylmercury; Reinhart 

and Kidd, 2018). 

Analysis 

The preliminary results of Reinhart and Kidd (2018) are presented in this report, but no 

further analysis or interpretation is provided.  

2.7. Isotopic Data Collection and Niche Width Analysis  

Field Collection 

Samples of leaf litter, biofilm, particulate organic matter (POM), benthic macro-

invertebrates and fish (n=3–10 individuals per taxonomic group) were collected for stable-

isotope analysis from four areas: the supersites Tailrace and Islands, as well as near 

Nackawic and from the MGS headpond. Non-fish samples were collected from locations 

near to fish community survey sites (see Figures 1 & 2, section 2.5) with the following 

allocations: N = 2 from Nackawic, N = 6 for the MGS headpond (immediately upstream of 

the dam), N = 2 from the Tailrace, and N = 4 from the Island). Sampling occurred between 

August and October of 2017. Biofilm samples were collected from the upper surface of 

three rocks, chosen haphazardly, by scraping until bare rock was exposed. Prior to stable-

isotope analysis, biofilm samples were centrifuged and then manually cleaned to remove 

inorganic components. POM samples were collected using a 125 m plankton net, lowered 

to 0.5 m from the bottom and retrieved. Benthic invertebrates were sampled using a D-

frame kick-net in the riverine supersites (Nackawic, Tailrace, and Islands) and using an 
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Ekman Grab in the MGS headpond and identified to family. At each sampling location, three 

non-fish replicate samples were taken for each of biofilm, POM, and leaf-litter. Fish were 

obtained from the annual fish community surveys of two supersites and the MGS headpond 

survey (section 2.5); fish were anaesthetized and an upper caudal fin clip was sampled for 

stable-isotope analysis. Individuals selected for analysis were chosen randomly from those 

captured within each area, up to 10 individuals. Fin tissue was selected because it can be 

collected non-lethally (Kelly et al., 2006) and it correlates closely with muscle tissue 

(Jardine et al., 2005 & 2011). All samples were placed on ice until they could be frozen at 

the laboratory. Prior to stable-isotope analysis, samples were oven-dried at 60∘ C for 48 

hours, ground to a homogeneous powder and weighed into tin cups. 

Analyses 

Stable Isotope Analysis 

Stable-isotope analysis of carbon and nitrogen was performed at the Stable Isotopes in 

Nature Laboratory (SINLAB), Canadian Rivers Institute, University of New Brunswick on a 

Costech 4010 elemental analyzer interfaced through a Conflo III to a DeltaPlus XP 

continuous-flow mass spectrometer (Thermo Finnigan; www.thermofisher.com). Isotope 

values, reported in standard 𝛿-notation, were calculated by:  

𝛿X = (RsampleRstandard−1)−1  

where X represents the stable isotope of interest (i.e. 13C or 15N) and R is the ratio of 

heavier to lighter isotope (13C:12C or 15N:14N, respectively) in the sample and the 

international standard. The isotope values are thus reported per mille (‰) deviations from 

the international standard (Vienna pee dee belemnite, VPDB and atmospheric nitrogen, 

AIR, respectively). Calibrated in-house standards were analyzed within each analytical run 

to normalize the isotope measurements. Analytical precision, measured as the S.D. of 

replicate standards, was less than ±0·2‰ for 𝛿15N and 𝛿13C. Duplicate determination of 

actual samples agreed to within ±0·2‰ for 𝛿15N and 𝛿13C. 

Data Analysis 

It was assumed that each food-web component within a given site would experience 

similar natural seasonal changes. The convex hull total area (TA) encompassing isotopic 

values for all community members (leaf litter, biofilm, POM, benthic invertebrates, and 

fish) provided an indication of ecological niche space (Layman et al., 2007) for the four 

sampling areas. Isotope values for each individual/sample for each sampling area were 

plotted along with the TA values. The TA values were calculated using the stable-isotope 

Bayesian ellipses (SIBER) package in R (Jackson et al., 2011). 

2.8. Freshwater Mussel Sampling and Analysis  
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Field Collection 

MacLean et al., (2016) describe the methods employed to assess the freshwater mussel 

community of the SJR downstream of the MGS. Mussel surveys focused on two primary 

areas: 22 sites located within the vicinity of MGS, and six sites located downstream near 

Gagetown-Oromocto (Figure 3). This latter survey area was targeted given the prediction 

that if the MGS were to be removed, sediment deposition may occur in this area (McLean et 

al., 2016). 

A total of 28 sites were surveyed using a semi-quantitative timed-search approach within a 

defined area (10 m x 10 m grid). Surveys employed a visual-tactile technique where a crew 

of two people snorkeled the grid area for a total of 1 person hour.  Sites were restricted to 

areas < 1.5 m in depth. In order to evaluate mussel presence in habitat > 1.5 m a deep-

water survey was completed at two sites using SCUBA (Site 8, MGS vicinity; and 28, 

Gagetown-Oromocto). At SCUBA sites, a diver swam along a transect for 30 minutes using 

visual and tactile techniques to capture mussels. The total distance travelled at each site 

was 230 m and 330 m, respectively.  

Each site was visited only once during the 2016 survey period between July 27 and October 

6th. The water temperature recorded during the survey period ranged between 17.1oC and 

28.9oC; however, water temperature was not recorded at all sites.  

Habitat variables were recorded at each site, including: water temperature, dissolved 

oxygen, water depth, velocity, substrate, and embeddedness. Temperature and dissolved 

oxygen were measured using YSI Pro20. Velocity and depth were measured along transects 

established within the site grid, perpendicular to flow at 2.5, 5 and 7.5 m. Velocity was 

measured at 60 or 80% depth, and 20% depth using an Ott meter (McLean et al., 2016). 

Substrate type and embeddedness was assessed visually. 
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Figure 3: Freshwater mussels survey sites in 2016, in the SJR downstream of MGS. Used 

with permission (McLean et al., 2016). A) all sites, B) Fredericton sites by site number, and 

C) Gagetown sites by site number.  

Analyses 

The total number of freshwater mussels collected and identified are presented based on 1 

person hour for snorkeling sites (<1.5 m), or 0.5 person hour for SCUBA sites (> 1.5 m). A 

temporal trend analysis is not possible given that each site was visited only once during the 

survey season. Quantitative comparisons among sites were not conducted due to lack of 

replication and limited search effort per site.  

The percent species contribution to total abundance was estimated based on 1 or 0.5 

person hour per site. 
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2.9. Plankton Sampling and Analysis  

Field Collection 

Chateauvert (2015) describes the methods used to collect plankton (phyto and 

zooplankton) from four fixed sites in the MGS headpond in 2014. The same methods were 

employed in 2015 and follow standard approaches for non-stratified, or stratified 

conditions (Table 5). When the headpond was not stratified an integrated vertical plankton 

tow from bottom to 1 m below surface was employed. When stratified conditions persisted, 

replicate discrete depth samples in the epi, meta, and hypolimnion were taken with either a 

2.5L Van Dorn Bottle (2014), or 12 L Schindler-Patalas plankton box (2015). In 2015, 

plankton samples were additionally collected from five new sites in the headpond, and 

three sites in the SJR downstream of the MGS.  

Nguyen et al., (2016) describes the methods used to collect plankton samples from four 

sites in the MGS headpond, and four sites in the SJR downstream of the MGS in 2016. Only 

one of the headpond sites sampled in 2016 was sampled in previous years (Table 5). In 

2016, a 12 L Schindler-Patalas plankton box trap was used to collect plankton. Stratified 

and non-stratified conditions were sampled as per Chateauvert (2015). 

In all years, environmental parameters were recorded using a handheld YSI Sonde unit and 

included temperature, dissolved oxygen, conductivity, and depth. 

In 2014, plankton samples were collected on August 26 or 28th, whereas in 2015 samples 

were collected in August (12-18th), and again between October 21st and November 6th. In 

2016, samples were collected monthly between June and August, and once in October. 

Samples were preserved in 5% neutral buffered formalin and returned to the laboratory 

for further processing. 
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Table 5: Plankton sampling sites and years sampled are shown for the headpond and river 

sites downstream of the MGS in the SJR. HP sites are found in the headpond, whereas RIV 

sites are located downstream of MGS (within 18 rkm). 

 

Analyses 

Taxonomic identification (to species or higher taxonomic level), enumeration, and 

biovolume estimation was performed by EcoAnalysts (Moscow, Idaho; 

www.ecoanalysts.com/) in 2014 and 2015. In 2016, Canadian Rivers Institute staff 

performed taxonomic identification and enumeration (Nguyen et al., 2016). 

The total number of genera collected and annual genera richness per site is reported. 

Genera diversity for both phyto and zooplankton is reported as Simpson’s Diversity Index 

(as per section 2.4 above). The estimated biovolume (µ³/mL) of phytoplankton in a sample 

was used in genera diversity calculations because it was the most consistent metric of 

abundance reported across years. When sites were sampled more than once a year (3 sites 

in 2015, all sites in 2016), mean annual values are reported. Genus is used as the lowest 

consistent taxonomic resolution for both zoo and phytoplankton. 

The mean annual biovolume (µ³/mL) of all phytoplankton genera within a site was 

calculated and dominant taxa are reported. The sample corrected estimate of total 

zooplankton individuals captured at each site is reported for each year. Mean volume 

corrected estimates are not reported due to data reporting inconsistencies between 2014-

2015 and 2016. For mean annual estimations, samples from the entire year are included 

(i.e., sites sampled multiple times throughout the season in 2015 and 2016 are pooled). 

Temporal trends and among sites differences are assessed qualitatively. 

Site Latitude Longitude 2014 2015 2016

HP1 46.00012 -66.9173 x x

HP2 45.97403 -66.88643 x

HP3 45.99953 -66.91852 x

HP4 45.94717 -66.8739 x x x

HP5 45.91681 -66.89414 x

HP7 45.88094 -66.9211 x

HP8 45.86466 -66.9132 x

HP9 45.88589 -66.97754 x

HP10 45.90372 -67.0154 x x

HP11 45.94509 -67.1053 x

HP12 45.98052 -67.1975 x x

HP13 45.95523 -67.2883 x

RIV1 45.9611 -66.83986 x

RIV2 45.98984 -66.80491 x

RIV3 45.98984 -66.80491 x

RIV4 45.96766 -66.6605 x

http://www.ecoanalysts.com/
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2.10. Macrophyte Collection and Analysis 

To understand baseline conditions in the macrophyte community of the SJR downstream of 

the MGS to Fredericton, the coverage, diversity, and distribution of the community was 

determined using hydroacoustic surveys and localized assessments of species richness. 

 

Hydroacoustic telemetric data was collected using a HDS 7 (Gen 2) Lowrance unit. Data 

was recorded along transects that ran perpendicular to the flow, spaced at 50 m intervals. 

This design allowed for the creation of a full coverage map representing an area of 13.8 

km2, because the transducer recorded macrophyte coverage for 25 m on either side of the 

travelled transect. Following data collection, the data was uploaded to ciBioBase for data 

processing and quality control.  Processed macrophyte data was downloaded from 

ciBioBase and a vegetation map was generated using ArcMap 10.1. Data was collected 

throughout the summer season.  

Within the region of the hydroacoustic survey, macrophyte species richness was assessed 

at 171 localized sites (Figure 4).  Surveys were conducted by wading or snorkeling (depths 

>1m to 2.5 m) between July and October 2015. Sampling occurred only when water and 

weather conditions were sufficient for visual inspection of macrophytes. At each site, 

specimen samples were collected from a ~10 m radius and the macrophyte community 

was assessed visually, recording the observed numbers of plants and species.  

Representative specimens of each submerged macrophyte species present were collected 

and preserved as vouchers for subsequent taxonomic assessment. A sub-set of the voucher 

specimens collected were selected for subsequent genetic analyses to establish a reference 

specimen collection that was used to guide morphological based taxonomic identifications. 

For genetic analyses of reference specimens, dehydrated leaf tissue was sent to Canadian 

Centre for DNA Barcoding (CCDB) for DNA extraction, PCR amplification and sequencing 

according to CCDB standardized protocols (Fazekas et al., 2012, Canadian Center for DNA 

Barcoding). To facilitate comparison of our genetic results with taxonomic data available 

on GenBank (NCBI Resource Coordinators, 2017) and the Barcoding of Life Data System 

(Ratnasingham and Hebert, 2007), we selected two standard land plant DNA barcode 

markers, rbcLA and ITS2 (Fazekas et al., 2012). 

 

 
Figure 4: Location of localized survey sites to assess macrophyte species richness in 2015. 
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Analyses 

Species richness is reported as the number of species observed at each localized site. To 

assess the distribution of species richness, total macrophyte diversity was calculated using 

alpha (average number of species per site), gamma (total species richness across all 

sampling sites) and beta (gamma/alpha) richness using MS Excel. 

3. Results and Discussion 

3.1. Invasive and Species at Risk 

Anthropogenic and natural disturbances can lead to species decline and extirpation from a 

system. Species that are particularly at risk are assessed by the Canadian Committee on the 

Status of Wildlife in Canada (COSEWIC). Assessed species are classified as either extinct, 

extirpated, endangered, threatened, special concern, data deficient, or not-at-risk. 

COSEWIC recommends an assessed classification to the Canadian federal government, who 

may then list the species under the Species at Risk Act, 2002. A listed species receives 

species and habitat protection (the degree to which depends on the classification). 

When systems are disturbed they are often vulnerable to invasion by non-native species 

that can exploit newly created or disturbed habitat niches. Several invasive species are 

known to have invaded and impacted the SJR. 

Tables 6 and 7 provide a summary of the species at risk and invasive species encountered, 

respectively, through the MAES sampling program between 2014 and 2017. Naturalized, 

non-native species (e.g., Rainbow Trout) or those that are not novel invaders (e.g., Chain 

Pickerel) are not included in the summary. 

Table 6: Species at risk captured in MAES sampling programs between 2014 and 2017. 

IBoF = Inner Bay of Fundy, COSEWIC = COSEWIC designation, SARA = federal listing status: 

END = endangered, THR = threatened, and SC = special concern. 

 

During freshwater mussel surveys of 2018, a number of Yellow Lampmussel (Lampsilis 

cariosa) were detected. The Yellow Lampmussel is a species of special concern and was 

observed near Fredericton, NB (see Section 3.7 below). 

Species Scientific Name Taxa COSEWIC SARA MAES Program

Skillet Clubtail Gomphus ventricosus Arthropods END END Dragonfly Exuviae Survey

American Eel Anguilla rostrata Fishes THR No Status Fish Community & Elver Surveys

Atlantic Salmon (IBoF) Salmo salar Fishes END END Fish Community Survey

Shortnose Sturgeon Acipenser brevirostrum Fishes SC SC Fish Community Survey

Stripped Bass (BoF) Morone saxatilis Fishes END No Status Fish Community Survey

Yellow Lampmussel Lampsilis cariosa Molluscs SC SC Freshwater Mussel Survey
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Table 7: Invasive species captured in MAES sampling programs between 2015 and 2017. 

 

The Central Mudminnow was not encountered in the headpond nor downstream below the 

MGS in fish community surveys between 2015 and 2017. This finding is consistent with 

Munkittrick et al., (2011) who report that the species was restricted to the upper reaches of 

the SJR. However, in 2017 the Central Mudminnow was detected (though infrequently) in 

Phyllis Brook (a tributary of the SJR) in Fredericton, during an unrelated study (M. 

Gautreau, per. comm. 2018), and the species was captured during the 2018 MAES fish 

community survey in the SJR in the waters on the north side of Sugar Island (M. Gautreau, 

per. comm. 2018). These recent findings suggest the Central Mudminnow’s range may be 

expanding beyond the upper reaches of the SJR.  

Also not captured in MAES studies but consistently encountered at DFO facilities are 

Rainbow Trout (Oncorhynchus mykiss) and Brown Trout (Salmo trutta). 

3.2. American Eel Elvers 

American Eel is a catadromous fish species that moves from its larval marine habitat to 

freshwater to grow and mature. The species was once extremely abundant in the SJR and 

was an important species for local Indigenous people. It has been assessed by COSEWIC as 

threatened and is awaiting listing under the federal Species at Risk Act, 2002. In 2015, a 

sampling program was initiated to assess the presence, relative abundance, and 

distribution of American Eel elvers in the SJR downstream of the MGS. The aim of this study 

was to inform American Eel fish passage discussions relevant to the MGS refurbishment.  

In 2015, a total of 216 American Eel elvers were captured in passive habitat traps. 

Noticeably more eels were captured within 3 rkm (sites with “River” in title, Table 8) of the 

MGS than in the remaining 15 rkm between the MGS and the city of Fredericton (Sites 1-14; 

Table 8). The majority of elvers were captured in traps located near the Accelerated 

Rearing Facility <1 km downstream of the MGS on the north bank. 

 

 

 

Species Scientific Name Taxa MAES Program

Muskellunge Esox masquinongy Fishes Fish Community Surevy

Largemouth Bass Micropterus salmoides Fishes Headpond Fish Community Survey

Euroasian Milfoil Myriophyllum spicatum Plant Macrophyte Survey
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Table 8: Total capture of American Eel elvers in 2015 from habitat traps deployed in the 

SJR within 18 rkm of the MGS. Mean velocity (cm / s) was estimated from measurements 

taken at each trap check event. Modified from Dixon et al., (2018). 

 

Tube and box traps were not successful at capturing elvers (N= 1 and N = 0, respectively) 

and are not considered further.  

In 2016, a total of 986 elvers were captured among habitat traps, umbrella nets, eel ramps, 

and spillway surveys. Only 81 elvers were captured from 40 habitat trap locations, each of 

which was checked between 11 and 14 times from June 14th to August 18th. The mean 

annual catch of elvers from two consecutive umbrella net sets per site in 2016 is shown in 

Figure 5. At each site, the standard deviation of elver catch was typically equal to or greater 

than the mean. The highest catch rates of elvers from umbrella net sets occurred at the Fish 

Collection Bank site, and the Accelerated Rearing Facility site with peak capture rates in 

mid to late July. 

Site Site Lat Site Long Start Date End Date
Mean Velocity 

(cm/s)

Total Eels 

Captured

1 45.96896 -66.74713 6/2/2015 7/15/2015 0.091 4

2 45.97753 -66.74113 6/4/2015 7/20/2015 0.232 5

3 45.96751 -66.74961 6/2/2015 7/15/2015 -0.04 2

4 45.97392 -66.78776 6/2/2015 7/15/2015 0.208 0

5 45.97082 -66.78825 6/2/2015 7/15/2015 0.207 1

6 45.97192 -66.75353 6/4/2015 7/20/2015 0.048 1

7 45.9627 -66.83909 7/28/2015 8/20/2015 0.05 3

8 45.95983 -66.84143 6/15/2015 8/20/2015 -0.001 6

9 45.97464 -66.74299 6/4/2015 7/20/2015 0.222 1

10 45.97372 -66.74587 6/4/2015 7/20/2015 0.065 0

11 45.97326 -66.58955 6/5/2015 7/20/2015 0.214 0

12 45.95752 -66.61008 6/9/2015 7/16/2015 0.05 1

13 45.98933 -66.78538 6/4/2015 7/20/2015 0.009 0

14 45.9873 -66.78536 6/4/2015 7/20/2015 0.024 2

River Left Downstream 45.95753 -66.86246 7/16/2015 8/20/2015 -0.039 16

Accelerated Rearing Facility 45.95693 -66.86302 7/16/2015 8/20/2015 -0.071 144

River Left Upstream 45.95653 -66.86361 7/16/2015 8/20/2015 -0.031 24

Earthen Dam 45.95036 -66.86814 7/16/2015 8/20/2015 0.012 3

River Right Upstream 45.95141 -66.86617 7/16/2015 8/20/2015 -0.037 1

River Right Middle 45.9527 -66.86377 7/16/2015 8/20/2015 0.059 2

River Right Downstream 45.9542 -66.86188 7/16/2015 8/20/2015 0.087 0
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Figure 5: Mean catch of American Eel elvers captured in the summer of 2016 from six sites 

located within 1 km of the MGS in the SJR. Bars represent the mean of two consecutive 

umbrella net sets. Whiskers represent the standard deviation. RLD = River Left (north) 

Downstream, RLU = River Left (north) Upstream, RRU = River Right (south) Upstream, and 

Rearing Facility = Accelerated Rearing Facility.  

An American Eel ramp was deployed in 2016 near the end of the elver migration season 

(August – November) within 1 km of the MGS. This ramp captured several elvers (range 0-

18) demonstrating the viability of equipment (Dixon et al., 2018). Two ramps were 

subsequently deployed in 2017; downstream ramps located near the mouth of the SJR were 

unsuccessful whereas ramps located near the Accelerated Rearing Facility and a site 1 km 

downstream from the facility captured between 0 – 20 and 0-200 elvers, respectively 

(Dixon and Linnansaari, 2018). 
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In 2017, a total of 5693 American Eel elvers were captured during 11 nighttime spillway 

surveys, of which 2457 elvers were tagged. Dixon et al., (2018) demonstrated a 5.5% 

recapture rate of elvers among the 11 nighttime spillway surveys (tagging and recapture 

occurred concurrently) and an additional eight spillway surveys that were targeted at 

capturing previously tagged eels (eels were not tagged on these events). Not all eels 

observed were captured during any survey. An estimate of the proportion captured per 

survey is not available. At this time, photographic quadrat survey results are not available.  

Dixon et al., (2018) found that elvers moved between spillway gates during the migration 

period (see Figure 17 in Dixon et al., 2018) suggesting that elvers make multiple ascent 

attempts at the MGS. 

American Eels captured throughout the sampling program (2015-2017) were measured for 

length and a subset of elvers were lethally sampled to obtain aging structures (otolith). It 

has been suggested that the elver life stage of American Eels typically ends when eels reach 

100 mm, after which the elvers begin to mature into Yellow Eels (the life stage in which the 

majority of growth occurs; CSAS, 2010). Length frequency histograms of elvers (all gears 

pooled within a year) captured between 2015 and 2017 are shown in Figure 6 below and 

demonstrate a unimodal distribution where the average total length in each year is > 100 

mm (119 mm, 2015; 110 mm, 2016; and 116 mm, 2017, respectively, Dixon et al., 2018). 

These results suggest that the juvenile American Eels attempting to ascend the MGS are 

larger than the definition of an elver, as defined by size, and may suggest that the eels have 

overwintered in the SJR or estuary prior to their attempt to ascend the MGS. Regardless of 

the defined life stage (elver or young Yellow Eel), the eels observed would be considered 

juvenile given their migratory behavior. It should be noted that the largest juvenile eels 

captured were detected in habitat traps in 2015, well downstream of the MGS: the largest 

eels (>210 mm) were captured between Burpee Island and Parsnip Island.  It is unclear if 

these larger juvenile eels were demonstrating migratory behaviour as they were not 

captured near the MGS. Currently, an analysis of aging structures is on-going that will 

further illuminate the age of the eels attempting to ascend the MGS. 
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Figure 6: Length frequency distribution of American Eels captured in the SJR downstream 

of the MGS in 2014, 2016 and 2017. Capture locations and methods differ among years, but 

the majority of eels were captured within 3 rkm of the MGS. 

Prior to the work undertaken by Dixon et al., (2018), American Eel elvers (as defined by 

size less than 10 mm) were believed to be restricted from entering the vicinity of the MGS. 

After the completion of the last MGS turbines in 1968, a drastic decline in American Eel was 

observed, culminating in 1980 after which no elvers were observed at the MGS fish 

collection gallery (Jessop and Harvie 2003). However, Jessop and Harvie (2003) do report 

the results of a preliminary survey where ~1900 juvenile American Eels (average length 

110 mm) were observed within 500 m of MGS. The authors noted these larger juvenile eels, 

but did not consider them elvers by definition. Several previous authors suggested that a 

velocity barrier may have prevented the migrating elvers (< 10mm in length) from 

reaching MGS (see Dixon et al., 2018, and references therein); however, it appears that is 

not currently the case. Nor is it certain that the size of elvers observed at the MGS fish 

collection gallery prior to 1980 were less than 100 mm as no size data exists to evaluate 

this claim. 

Multiple in-season peaks of elver migration were observed between June and August 

suggesting an asynchronous approach that should be considered when developing a long-

term monitoring plan for American Eel downstream of MGS. Future surveys and 
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monitoring should target the MGS spillways using a standardized sampling approach: if 

photographic quadrats prove efficient this method may be a valuable tool. 

An exotic swim bladder nematode (Anguillicolides crassus) has been identified from eels 

collected in the SJR downstream of the MGS and prevalence of the parasite was estimated 

at 10.1% in 2013 (Campbell, et al., 2013).  The parasite may affect the ability of infected 

adult eels to migrate and spawn successfully in the Sargasso Sea. Currently, the parasite is 

not known from upstream of the MGS. The full impact of the parasite and its existing 

prevalence in eels upstream of MGS is unknown and was not evaluated in this study. 

3.3. Benthic Macroinvertebrates 

Benthic macroinvertebrates are a large, diverse group of bottom dwelling aquatic 

organisms which are predominately insect larvae but also include worms and molluscs. 

The presence, absence, abundance, and community structure of benthic invertebrates are 

responsive to change in the environment and are considered good ecological indicators for 

use in biomonitoring (Cunjak et al., 2011). For example, an increase in the number of 

certain species at a site may indicate an increase in disturbance, or an increase in the 

number of EPT families may indicate an increase in the health of a site. Appendix 2 

provides a summary of CABIN exported metrics along with habitat variables collected at 

each site for all sampling years. 

The Hilsenhoff Family Index (HFI) is used to describe the aquatic health of a site based on 

the presence and abundance of organic pollution tolerant and organic pollution sensitive 

taxa. The categories of HFI are defined here as: very good = 0-4.25, good = 4.26-5, fair = 5-

5.75, poor = 5.75-6.5, very poor = 6.51-10.0. In the contemporary period, HFI reveals large 

among year and site variability, and several sites were classified as being very poor (Figure 

7-A). SJR-CON and SJR-NAS represent references sites that were sampled in Claire, NB and 

in the Nashwaak River. Figure 7-A shows these references sites in 2014 and 2016: they are 

consistently classified as “very good”. Mean annual HFI (pooled among non-reference sites) 

has increased between 2014 and 2017; however, the relationship is not significant (Mann-

Kendall, p = 0.08; Figure 7-B). In all sampling years, mean HFI suggests that the study area 

downstream of the MGS was in poor or very poor health. However, results from 2015 

should be interpreted with caution; 2015 was a particularly dry summer, and sampling 

occurred shortly after a major rainstorm which may have resulted in the sample being 

biased for colonizers. Furthermore, interpretation of HFI can be problematic because, while 

it is designed to reflect the degree of organic pollution, it also responds to other 

environmental stressors. 



MAES Report Series 2019-066 

29  
 

 

Figure 7: Estimated Hilsenhoff Family Index (HFI) for A) each site and year, and B) mean 

annual HFI. The background colours present the HFI classifications: blue = very good, green 

= good, yellow = poor, and red = very poor.  

None of the remaining CABIN indices demonstrated a significant temporal trend across 

years at a site (not shown), nor were differences detected for mean annual index values 

pooled across non-reference site (Figures 8 & 9).   
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Figure 8: Mean annual estimate for benthic indices, pooled across non-reference sites in the 

SJR, downstream of MGS. A) Shannon’s Diversity Index, B) Simpson’s Evenness Index, C) 

Number of EPT taxa, D) Number of EPT individuals.  
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Figure 9: Mean annual estimate for benthic indices, pooled across non-reference sites in the 

SJR, downstream of MGS. A) Number of total taxa, B) Percent dominant taxa, C) Total 

abundance, D) Ratio of EPT to Chironomids + EPT 

While no monotopic temporal trends were discovered, four indices did vary significantly 

among years. Simpson’s Evenness Index was significantly different among years (Chi-

Squared = 28.7, p < 0.01) and Dunn’s test revealed that the mean in 2017 differed from all 

other years (Figure 8 - B). This suggests that the benthic community was more even in 
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2017 (that is, the number of species is more equitable across sites) than in previous years. 

However, because Simpson’s index is a derivation of both species richness and abundance, 

the observed low total abundance in 2017 may be influencing the overall index result. 

Significant differences were also found between years for mean log transformed total 

abundance and mean log transformed number of EPT individuals (F = 10.8, p <0.05 & F = 

4.2, p <0.05, respectively). Total abundance in 2015 was significantly different compared to 

all other years, and the total number of EPT individuals in 2014 differed significantly from 

2015 (Figure 9-C & Figure 8-D, respectively). Finally, the ratio of EPT to the number of 

Chironomids + EPT demonstrated a significant difference among years (Chi-squared = 14.6, 

p < 0.01). Dunn’s test revealed that the index in 2015 was significantly different from all 

other years.  As the index approaches zero, more pollution tolerant Chironomids are 

observed relative to the number of EPT individuals. Therefore, in 2015 significantly fewer 

Chironomids relative to EPT individuals were observed (Figure 9-D). The differences 

observed between indices in 2015 and the other years is unsurprising, given that the 

community was likely impacted by a prolonged dry summer (affecting flow and water 

levels) and an intense rain storm prior to sampling, which may have resulted in biasing the 

type and number of individuals found in the survey. 

The results of the Bray-Curtis statistic demonstrate the compositional dissimilarity 

between MAES CABIN sites within and across years (Figure 10 - not including reference 

sites). The sites were clustered and visualized using multivariate non-metric 

multidimensional scaling and Figure 10 shows that sites in 2014, 2016, and 2017 are 

relatively similar (close clustering in the figure). However, one site (far upper right of the 

figure) is more dissimilar in 2016: SJR_BUR. This site is a large gravel bar between two 

islands in the middle section of the study area, and may represent natural variability and 

reflect sampling at a dynamic, riffle-based location. Figure 10 shows a greater amount of 

dissimilarity in 2015 as compared to all other years, and as discussed above this is likely 

due to a storm that preceded sampling which influenced the benthic community and 

related habitat variables (e.g., water temperature at sites in 2015 were cooler than any of 

the other years). The 2D stress value is reported as 0.186, suggesting the data is only 

weakly reliable in terms of a similarity analysis. 
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Figure 10: Non-dimensional scaling plot of MAES CABIN sites across years based on Bray-

Curtis similarity statistic. Points represent individual points and shaded areas represent 

the annual grouping of sites.  

Overall, there appears to have been only marginal changes in the benthic community 

downstream of the MGS in the contemporary period between 2014 to 2017; however, the 

results demonstrate a large amount of interannual variation both among and within sites. A 

slight increase in the HFI index suggests an increase in the number of pollution tolerant 

families over the last four years, but this may fall within the range of historical variation. 

Results presented in Cunjak et al., (2011) do not provide an HFI index for the Fredericton 

area (downstream of MGS), but in upstream areas of the watershed HFI was found to range 

between good and excellent. In the future, the results presented here can be compared to 

the Atlantic Reference Condition Model (Armanini et al., 2012), to assess how closely or not 

the MAES CABIN sites represent typical benthic communities in similar habitats 

throughout the Atlantic region.  

3.4. Dragonfly Exuviae 

Dragonfly exuviae were collected during the peak emergence period (late May through 

early July) from 14 sites representing three habitat classes in the SJR, downstream of MGS, 

between 2014 and 2016. Exuviae surveys were conducted to determine species presence, 

abundance, and emergence patterns among sites in the SJR in order to inform an 

assessment of baseline conditions.  

In total, 3655 dragonfly exuviae were collected comprising 32 species, including the 

endangered Skillet Clubtail (Gomphus ventricosus). The Skillet Clubtail was collected in all 

years from nearly every site (with the exception of GV31A & B, and GV 52, 53, and 54). 
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From 2014 to 2016 a total of 906, 936 and 1813 exuviae were collected, respectively (Table 

9). 

Table 9: Total number of species and exuviae collected among 14 sites in the SJR 

downstream of MGS between 2014 and 2016.  

 

In each year, 25 unique species were collected, but not the same species were collected 

every year (Table 10).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Year Habitat Number of Species Total Exuvia

2014 River 19 799

2014 Wetland 14 107

2015 River 19 882

2015 Wetland 13 54

2016 River 14 1282

2016 Tributary 12 79

2016 Wetland 19 452
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Table 10: Number of unique species of exuvia collected per year among 14 sites in the SJR 

downstream of MGS between 2014 and 2016. 

Species 2014 2015 2016 

Arigomphus furcifer 1 1 0 

Basiaeschna janata 8 2 12 

Cordulegaster maculata 1 0 0 

Didymops transversa 81 7 17 

Dromogomphus spinosus 1 0 29 

Epitheca cynosura 1 0 0 

Epitheca princeps 1 0 8 

Epitheca spinosa 0 1 5 

Gomphus abbreviatus 35 13 36 

Gomphus adelphus 51 18 25 

Gomphus aspersus 0 2 0 

Gomphus borealis 2 11 3 

Gomphus descriptus 3 1 0 

Gomphus exilis 3 1 2 

Gomphus spicatus 2 4 1 

Gomphus vastus 521 639 1449 

Gomphus ventricosus 38 116 28 

Leucorrhinia intacta 1 0 0 

Macromia illinoiensis 3 12 7 

Neurocordulia michaeli 2 6 3 

Neurocordulia obsoleta 1 1 0 

Neurocordulia 
yamaskanensis 

2 2 2 

Ophiogomphus aspersus 1 13 2 

Ophiogomphus carolus 0 6 8 

Ophiogomphus colubrinus 66 16 5 

Ophiogomphus mainensis 0 5 13 

Ophiogomphus rupinsulensis 21 30 21 

Somatochlora williamsoni 1 0 0 

Stylogomphus albistylus 0 0 1 

Tetragoneuria canis 0 2 13 

Tetragoneuria cynosura 59 0 36 

Tetragoneuria semiaquea 0 16 7 

Tetragoneuria spinigera 0 11 80 
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The total number of exuviae is reported per year because transect length varied among 

sampling events (within year) and among years due to fluctuating water levels.  Thus, the 

number of exuviae per unit measure of search effort is not available. 

The ratio of female to male exuviae per year was relatively consistent among years and 

habitat types (range across years and habitat types was 47% to 57%; Appendix 3). 

Mean annual Simpson’s diversity index did not demonstrate monotopic temporal trends 

among years in either river or wetland habitats (Figure 11; S = -3, p = 0.29 and S = 1, p = 1, 

respectively), nor among years within a site (not shown). The tributary habitat was only 

sampled in 2016 and temporal trends are not available. 

 

Figure 11: Mean annual Simpson’s diversity index of dragonfly exuvia captured among 14 

sites and 3 habitat classes in the SJR downstream of MGS between 2014 and 2016. 

The annual frequency of the distance from shoreline (m), and height (m) at which exuviae 

were collected is shown in Figure 12. Negative distance from shoreline values indicate 

when an exuviae was found in the water (e.g., on an object exposed or below the 

waterline), and negative height of collection value indicated exuviae that were collected 

below the water line or below the substrate (e.g., on an object below an undercut bank). In 
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both river and wetland habitat types, most exuviae were collected within 1 m off the 

ground (Figure 12 - B and C). Similarly, exuviae were consistently collected between – 1 

and 5 m away from the shoreline. However, in all years a small number of exuviae were 

found a large distance from the shoreline (> 10 m) and in 2015 a small number of exuviae 

were found well behind the natural shoreline (likely due to extremely low water levels 

associated with the dry conditions of 2015). Although transect lengths differed between 

sites and among years at sites, all transects were at least 40 m in length suggesting few 

exuviae were missed on each sampling occasion. Mean annual, maximum, and minimum 

values of distance and height collection of exuviae are provided in Appendix 3.  
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In both 2015 and 2016, the total number of emergent exuviae peaked in the third week of 

June (Figure 13) and does immediately appear related to water level (qualitatively). 

Figure 12: Annual frequency of exuviae collection within river (A and B) and wetland (C 

and D) habitats in the SJR downstream of MGS, between 2014 and 2016. Panels A and C 

represent the distance (m) an exuvia was collected from the shoreline, and panels B and D 

represent the height (m) at which the exuvia was collected. 

 



MAES Report Series 2019-066 

39  
 

 

Figure 13. Total number of exuviae observed by day in 2015 (top) and 2016 (bottom 

panel). Days not presented were not sampled and do not imply zero exuviae emergence. 

The red line represents the mean daily water level of all sites combined, and the grey 

ribbon represents the minimum and maximum water level observed among all sites on a 

given day. 

Overall, line transect sampling for exuviae provided an effective, non-invasive method to 

survey for dragonfly species within the SJR, including rare and endangered species. The 

association of exuviae with various habitat variables is explored in O’Malley et al., (in prep), 

who demonstrated that dragonfly emergence responses did not differ significantly across 

years. Nor did the authors find that exuviae abundance and dragonfly biomass were 

influenced by the measured habitat variables O’Malley et al., (in prep).   
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3.5. Fish Community  

River Fish Community 

 

From 2015 to 2017, the fish community of the SJR downstream of MGS was sampled to 

assess baseline conditions among species distribution, relative abundance, and population 

demographics, and to assess the amount of temporal variation among select community 

and population metrics.  

 

Total Catch 

 
In 2015, sampling occurred between August 18th and November 2nd.  A total of 52 sampling 

efforts (all gear types; Table 3) captured 6305 fishes representing 21 species.  Of the fish 

captured, 4144 (65%) were in the young of the year (YOY) age class, 1812 of which were 

YOY Alosa sp. (YOY GASP) and 1716 were Common Shiner (Luxilus cornutus; YOY CSH). 

Banded Killifish (Fundulus diaphanus) represented 14% of the total catch, Yellow Perch 

(Perca flavescens) 4.7%, and White Sucker (Catostomus commersonii) represented 4.3%.  

 

In 2016, sampling occurred between August 9th and November 3rd.  A total of 40 sampling 

efforts (all gear types; Table 3) captured 2303 fishes representing 22 species.  Of the fish 

captured, 1449 (63%) were in the YOY age class, 1412 of which were YOY GASP. The 

remaining frequently caught species contributed relatively weakly to the total catch: 

Banded Killifish represented 9.5% of the total catch, Yellow Perch 6.4%, White Sucker 

3.3%, Brown Bullhead 3.4%, Smallmouth Bass 2.8%, and American Eel represented 2.6% of 

the total catch.  

 

In 2017, sampling occurred between June 13th and October 23rd.  A total of 148 sampling 

efforts (all gear types; Table 3) captured 4079 fishes representing 26 species.  Of the fish 

captured, 1170 (29%) were in the YOY age class, 588 of which were YOY White Sucker and 

360 were YOY GASP. The remaining frequently caught species contributed moderately to 

the total catch: Yellow Perch represented 17%, White Sucker 9%, American Eel 8%, 

Smallmouth Bass 7%, Fourspine Stickleback and Banded Killifish 5%, and Common Shiner 

4%. 

 

Relative Abundance 

 

For each gear type, mean annual species CPUE is presented in Figures 14-16. Not all species 

were captured in each year and the magnitude of relative catch (y-axis) differs between 

years. During data processing, annual species CPUE data was found to be non-normal. This 

is traditionally dealt with by transforming the data by taking the natural log to create a 
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normal error distribution (Hubert and Fabrizio, 2007). However, the log transformation 

did not result in a normal error distribution for the majority of species and therefore 

untransformed CPUE data is presented. It was also found that the estimates of mean annual 

species CPUE had high sampling error (RSE > 20%) which suggests that conclusions drawn 

from interpretation of temporal trends in CPUE may not reflect true changes in the 

populations (Dumont and Schlechte 2004) during the period of study. While combining the 

catch from multiple gears may have improved RSE and reduced the estimated sampling 

error, it is inadvisable to combine gear types when assessing CPUE due to differences in 

gear selectivity, retention, and overall catchability (Hubert and Fabrizio, 2007). Therefore, 

due to sampling differences among years, the non-normal distribution of the data, and high 

sampling error, quantitative temporal trends of mean annual species CPUE are not 

presented. The mean annual species specific CPUE (where CPUE > 0), standard deviation, 

standard and relative standard error, and sample size for each gear/species is presented in 

Appendix 4.  

 

Qualitatively, Figure 14 suggests that the relative catch of Banded Killifish (BKF) captured 

using a beach seine has decreased between 2015 and 2017 (CPUE = 51.9, 13.2, and 4.6, 

respectively). No qualitative trends are immediately obvious for other species captured in 

any of the three gear types.  
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Figure 14: Mean annual species relative catch (CPUE) per beach seine haul in 2015 (upper 

panel), 2016 (middle panel), and 2017 (lower panel). Note the magnitude of the y-axis is 

not consistent among years and not every species is represented every year. Whiskers 

represent the standard deviation. Species name abbreviations are available in Appendix 4. 
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Figure 15: Mean annual species relative catch (CPUE) per hour fyke net set in 2015 (upper 

panel), 2016 (middle panel), and 2017 (lower panel). Note the magnitude of the y-axis is 

not consistent among years and not every species is represented every year. Whiskers 

represent the standard deviation. Species name abbreviations are available in Appendix 4. 
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Figure 16: Mean annual species relative catch (CPUE) per 100 shocking seconds in 2015 

(upper panel), 2016 (middle panel), and 2017 (lower panel). Note the magnitude of the y-

axis is not consistent among years and not every species is represented every year. 

Whiskers represent the standard deviation. Species name abbreviations are available in 

Appendix 4. 

 

Population Demographics 

 

Mean annual total length (mm), weight (g), Wr, K, standard deviation, and number of 

individuals measured for each species, pooled among gear type, is presented in Appendix 5.  

The size structure of a fish population is often used to infer both the rate of, and interaction 

between, recruitment, mortality, and growth (Neumann and Allen, 2007). Stable, or 

healthy, fish populations are typically represented by a size structure that is unimodal 

(Neumann and Allen, 2007). In this report, annual length frequency data, pooled among 

gears, of the most frequently caught species (American Eel, Banded Killifish, Brown 

Bullhead, Common Shiner, Smallmouth Bass, White Sucker, and Yellow Perch) is used to 

depict population size structure. Annual length frequency data were calculated using size 
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bins of either 10 or 25 mm (see methods) and are presented in Figures 17 & 18. In these 

figures, fish collected in the “early summer” of 2017 are included. The sample size of fishes 

measured in 2017 was nearly double the sample size of 2015 and 2016 (see Appendix 5) 

for all of the most frequently caught species (except Common Shiner for which sample sizes 

were similar, and Banded Killifish for which very few were measured in 2017). Due to 

sample size differences it is challenging to discern temporal changes in the structure of 

species specific length frequency histograms.  
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Figure 17: Annual length frequency histogram of four fish species (A – American Eel, B – 

Banded Killifish, C – Brown Bullhead, and D – Common Shiner) caught using multiple gears 

between 2015 and 2017. Note that the magnitude of both total length and frequency axis 

changes between species. Size bins are 10 or 25 mm based on figure clarity (but is always 

consistent within a species across years).  
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Figure 18: Annual length frequency histograms of three fish species (A- Smallmouth Bass, B 

– White Sucker, and C – Yellow Perch) caught using multiple gears between 2015 and 2017. 

Note that the magnitude of both total length and frequency axis changes between species. 

Size bins are 10 or 25 mm based on figure clarity (but is always consistent within a species 

across years). 

In addition to size structure, the condition of an individual fish or cohort is often used as a 

measure of wellness (Pope and Kruse, 2007). Fish condition is often estimated as a 

comparison of the individual’s weight in relation to a standard estimated weight for the 

species, for a given length. Condition is used to describe the amount of energy a fish can 

dedicate to growth, reproduction, and survival, and thus is an indicator of fish health. A fish 

with an estimated relative weight (Wr) of between 95 and100 are considered in “good” 

condition. Another measure of condition used in fisheries science is Fulton’s K (Pope and 

Kruse, 2007). However, K does not account for the allometric growth of fish and K often 

increases with total length. Therefore, only species for which mean annual Wr could be 

calculated (see methods section 2.5), are evaluated for temporal trends in condition: 

Brown Bullhead, Smallmouth Bass, White Sucker, and Yellow Perch. Mean annual Wr for 

these species can be found in Appendix 5. 

Prior to temporal analysis, Wr  was assessed to determine if it was significantly related to 

fish length for each of the four species using the non-parametric Kruskal-Wallis test. Pope 

and Kruse (2007) suggests that in cases where individual Wr is related to length, mean 

annual Wr may be uninformative and annual changes may be masked by the inherent 

relationship. Length (25 mm size bin) was significantly (p< 0.05) related to Wr for 

Smallmouth Bass (negative relationship), White Sucker (positive relationship), and Yellow 

Perch (negative relationship). Length did not show a significant (p> 0.05) relationship with 

Wr in Brown Bullhead. Mean annual Wr was compared using the Kruskal-Wallis test and 

found to be not significantly different among years for Brown Bullhead (p=0.06), 

Smallmouth Bass (p=0.19), and Yellow Perch (p=0.50).  White Sucker mean annual Wr 

differed significantly (p=0.01): a Tukey’s post hoc test found that White Sucker Wr in 2017 

was significantly different from 2016, but not 2015. However, as noted above, because 

White Sucker Wr had a significant positive relationship with length, differences between 

years should be interpreted with caution. Figure 19 illustrates mean annual Wr  for the four 

species; only Brown Bullhead demonstrates good condition (Wr  > 95) in all years.  
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Figure 19: Mean annual relative weight (Wr) of four species: A - Brown Bullhead, B - 

Smallmouth Bass, C - White Sucker, and D - Yellow Perch. Bars represent the mean +/- 95% 

confidence intervals. 

Despite the drawbacks of Fulton’s K condition metric, it is useful to report because it is 

often encountered in the literature. Munkittrick et al., (2011) report that condition 

(assumedly K) for Yellow Perch and White Sucker captured downstream of MGS in the SJR 
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between 2005-2006 ranged between ~1.2-1.38 and ~1.1-1.3, respectively; whereas as in 

the contemporary period (2014-2017) mean annual K for Yellow Perch was 1.0-1.15 and 

for White Sucker was found to be 1.05-1.10 (Appendix 5), suggesting a possible decline in 

the condition of both species between the two time periods. 

 

Diversity and Richness 

 

Throughout the MAES fish community sampling program a total of 29 fish species were 

captured. Annually, boat electrofishing consistently caught more unique species than either 

fyke or seine netting (Table 11 - A). However, the average per sample species richness was 

highest among fyke net sets in all years (Table 12). Species richness was relatively 

consistent across years (Table 11 - B) and increases in 2017 are likely a result of the 

increase in sampling effort.    

 

Table 11: Species richness per year by gear type (A), and pooled among gear types (B). 

 

 
 

Table 12: Average species richness captured in each gear type per year. The number of 

each gear type employed per year can be found in Table 3 above.  

 

 
 

Simpson’s diversity index is a composite measure of the structure of the fish community, 

incorporating both relative abundance (evenness) and species richness (Trumpickas et al., 

2012). The index is more strongly influenced by abundant species than other measures of 

diversity (e.g., Shannon’s diversity index). Figure 20 illustrates the mean annual Simpson’s 

diversity index, pooled among gear types. No relationship was found between gear types, 

or gear type * year and the index, and thus all samples irrespective of gear were pooled. 

Gear 2015 2016 2017

eBoat 4.6 3.9 4.2

Fyke 6.0 5.0 4.5

Seine 2.2 3.6 2.3
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While the index appears to decline from 2015 to 2017 the relationship is not significant (p 

= 0.29: non-parametric Mann-Kendall trend analysis, Sen’s slope = -0.04). 

 
Figure 20: Mean annual Simpson’s diversity index of fishes caught per sampling year, based 

on all gear types combined.  

 

Similarly, there are no significant monotopic temporal trends among mean annual 

Simpson’s diversity index within each supersite area (Figure 21). In all supersite areas 

Sen’s slope approached 1 (-0.006 to -0.09) and test statistics were not significant (p > 0.1). 

The spatial distribution of species diversity is shown in Figure 22. Appendix 6 provides 

maps illustrating proportional species capture by site. 
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Figure 21: Mean annual Simpson’s diversity index of fishes captured across sampling years 

(2015-2017) downstream of the MGS by sampling area, based on all gear types combined. 

 

Figure 22: Spatial distribution of fish species diversity (Simpson’s diversity index) for all 

samples collected between 2015 and 2017downstream of MGS to upstream of Fredericton, 

NB. Supersites demarcated by shades of blue.  
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Monitoring Program Recommendations 

 

The fish community sampling program completed during Phase I of MAES (2015-2017) 

was used to inform sampling targets and the development of an overall, standardized long 

term fish community monitoring program for the SJR downstream of MGS.  

Sampling Effort Size to Estimate Relative Abundance 

Relative abundance, measured here as CPUE, is a desirable metric to monitor for changes in 

the status of fish population. However, before temporal trends in CPUE data can be 

inferred, analysts must have confidence that the sample population reflects the true SJR 

population. To have confidence in a CPUE estimate, it should have sufficiently low sampling 

error, defined here as RSE < 20% (Dumont and Schlechte 2004, Koch et al., 2014). The 

estimated number of sampling efforts, per gear type and year, required to achieve a RSE< 

20%, based on bootstrap results of 999 iterations are, shown in Figures 23 to 27 for five of 

the most frequently caught species (American Eel, Common Shiner, Smallmouth Bass, 

White Sucker, and Yellow Perch). The results suggest that among year CPUE for a given 

species was variable, and not all years converged on the same estimated number of 

required sampling efforts to achieve RSE < 20%. Indeed, for some species and gear types a 

suitable RSE was not achieved even with 200 sampling efforts (e.g., Figure 23-C; American 

Eel - seine net). Not surprisingly, patterns are also not consistent among species or among 

gear types within a species. Therefore, the recommended number of sampling efforts for 

future SJR fish community monitoring is a reflection of species differences, gear differences, 

and interannual variability. Recommendations can be found in Table 13 and offer a tradeoff 

between feasibility and the likelihood that future CPUE estimates will have acceptable 

sampling error suitable for trend analysis. It should be noted that seine net estimates of 

CPUE at a sample size of 40 would be insufficient for most species/gear combinations; 

however, because the seine net is insufficient in all but a few cases, it is unlikely to support 

valid temporal trend analysis in the SJR. Instead, seine net sets provide informative results 

related to small fish diversity in areas not typically accessible by boat electrofishing or fyke 

net and for that reason it is recommended to continue to include seine net in the overall 

sampling strategy. 

Table 13: Recommended number of sampling efforts per gear type to be undertaken each 

year, spread across all four supersite areas downstream of the MGS.  

 No. Samples per Year 
Electrofishing Boat 80 
Fyke Net 40 
Seine Net 40 
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Figure 23: The estimated mean relative standard error (RSE) of American Eel (EEL) CPUE 

for a given sample size (x-axis) in each year, for each of the three recommended gear types: 

boat electrofishing (A), fyke net (B), and seine net (C). Mean estimates of 999 iterations are 

shown as points and coloured ribbons represent the 95% confidence interval. Solid black 

line represents Relative Standard Error (RSE) = 20%. 
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Figure 24: The estimated mean relative standard error (RSE) of Common Shiner (CSH) 

CPUE for a given sample size (x-axis) in each year, for each of the three recommended gear 

types: boat electrofishing (A), fyke net (B), and seine net (C). Mean estimates for 999 

iterations are shown as points and coloured ribbons represent the 95% confidence 

interval. Solid black line represents Relative Standard Error (RSE) = 20%. 
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Figure 25: The estimated mean relative standard error (RSE) of Smallmouth Bass (SMB) 

CPUE for a given sample size (x-axis) in each year, for each of the three recommended gear 

types: boat electrofishing (A), fyke net (B), and seine net (C). Mean estimates for 999 

iterations are shown as points and coloured ribbons represent the 95% confidence 

interval. Solid black line represents Relative Standard Error (RSE) = 20%. 
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Figure 26: The estimated mean relative standard error (RSE) of White Sucker (WHS) CPUE 

for a given sample size (x-axis) in each year, for each of the three recommended gear types: 

boat electrofishing (A), fyke net (B), and seine net (C). Mean estimates for 999 iterations 

are shown as points and coloured ribbons represent the 95% confidence interval. Solid 

black line represents Relative Standard Error (RSE) = 20%. 
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Figure 27: The estimated mean relative standard error (RSE) of Yellow Perch (YLP) CPUE 

for a given sample size (x-axis) in each year, for each of the three recommended gear types: 

boat electrofishing (A), fyke net (B), and seine net (C). Mean estimates for 999 iterations 

are shown as points and coloured ribbons represent the 95% confidence interval. Solid 

black line represents Relative Standard Error (RSE) = 20%. 
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Site Selection 

The recommended sampling effort (Table 13 above) should be evenly distributed across 

the four supersites using a stratified random sampling design. That is, sampling should be 

stratified by supersite, and within each supersite individual sampling locations should be 

selected based on a static list of randomly identified sites. The sites visited in Phase I of 

MAES were randomly selected based on shoreline segment (Wegscheider, B. p.comm, 

2018) and thus a random selection of sites from the pre-existing list can be used going 

forward (e.g., from the MAES 2015-2017 electrofishing boat site list select 20 sites 

randomly for each of the four supersites). In this way, the same site within a supersite may 

be sampled repeatedly across years allowing for paired analysis (i.e., fixed site). If it 

becomes infeasible to evenly distribute sampling effort within each supersite for each gear 

type, then future temporal trend analyses should use an area weighted approach to account 

for differences in effort across supersites.  

Season and Timing of Sampling 

 The timing of fish community sampling across seasons and within a 24 hour period (day vs 

night) is thought to influence both the catch of a given species and the size structure of 

individuals captured due to seasonal and diel movements and behaviours (Hubert and 

Fabrizio, 2007; Curry and Munkittrick, 2005). Based on an analysis of 12 paired day and 

night sampling events downstream of MGS in 2017, Wall (2017) found that night time boat 

electrofishing resulted in significantly greater species richness than day time boat 

electrofishing. Similarly, total catch and CPUE were higher at night for nearly all species 

caught (Wall, 2017). The author found no significant difference when comparing day and 

night samples of species richness using a seine net.  The effect of diel fish movements in the 

SJR and the impact on sampling efficiency is further evaluated in Wegscheider et al., (in 

prep). 

In this report the same paired day and night samples for each gear type were examined 

(these samples are included in the larger MAES fish community sampling program data). 

For all of the most frequently caught species, night time samples had lower sampling error 

(RSE) than day time samples. In only one case did sampling at night (N=12 samples, 

electrofishing boat) result in RSE < 20%: this was for American Eel. However, most night 

time samples improved RSE between 3-20% over day time sampling. Only one species 

estimate of CPUE RSE was increased by night time sampling: Banded Killifish. Trends 

among species in the RSE estimate of seine CPUE were inconsistent and sampling at night 

did not obviously improve the sampling error of this gear type. 
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Therefore, it is recommended that electrofishing be conducted at night (post-dusk), 

whereas seining may be completed during the day time or early evening. Fyke net sets 

should remain overnight with approximately 18 hours of fishing effort. 

In 2017, fish community sampling occurred in June and July as well as in August to October. 

This allowed for an evaluation of the effect of season on estimates of CPUE and RSE. Season 

was classified as early = June and July, and late = August to October. As stated above in 

section 2.5, it was found during data standardization that CPUE was consistently higher in 

early summer sampling compared to late season sampling for all of the most frequently 

caught species (American Eel, Brown Bullhead, Banded Killifish, Common Shiner, 

Smallmouth Bass, White Sucker, and Yellow Perch). However, only one significant 

difference was found between early and late season sampling: Smallmouth Bass boat 

electrofishing CPUE was significantly higher in the early season (p = 0.01; CPUE season 1 = 

0.30 fish /100 sec compared to season 2 = 0.08 fish / 100 sec).  This result should be 

interpreted with caution; unequal sampling effort was applied across early and late 

seasons (electrofishing boat, 50 to 30; fyke net 16 to 8; and seine, 40 to 4, respectively). 

Unequal sampling effort as well as random site selection between the two seasons has an 

unknown influence on the results. Similarly, the estimated CPUE RSE for early and late 

season sampling was consistently > 20% and observed differences between sampling 

seasons may be an artifact of high sampling error. 

Therefore, it is recommended that late season (August – late October) sampling continue 

given the uncertain results above and the importance of seasonal timing for collection of 

individual fish metrics such as gonad somatic index and liver somatic index (see below). 

Population Demographics and Life History 

In order to confidently assess changes in the population of target fish species (Common 

Shiner, Smallmouth Bass, White Sucker, and Yellow Perch) a suite of metrics are proposed 

for future monitoring. The recommended metrics include: fish length (mm), weight (g), age 

(via otolith, scale or opercula as appropriate for the species), gonad somatic index, and 

liver somatic index. 

In order to determine the number of individuals required to detect a change in the above 

metrics, for each of the target species, mean annual length and weight were calculated and 

a power analysis was performed. The statistical effect size f was calculated as per section 

2.5 above and power was set to 0.8. K was set to four, and may represent either four years, 

or the four supersites. Table 14 below provides the recommended number of individual 

fish per species that should be collected annually to monitor for changes in fish weight and 

length and condition. The individuals required to detect a change in the weight of 

Smallmouth Bass (weight, >1000), is not likely feasible. Therefore, a smaller sample size is 
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recommended but analysts should evaluate the data carefully for these species before 

interpreting temporal trends.   

Table 14: Required number of target fish individuals to be measured annually for length 

and weight, for at least four years, or annually within each supersite. “N” represents 

recommended number of individuals to be measured for both metrics. 

 
 

Gear type is known to influence the size structure of captured fish (e.g., gear selectivity; 

Neumann and Allen, 2007) and thus a size stratified sampling design (N=5-10 fish per 10 or 

50 mm size bin, depending on the species) that measures fish from a range of sizes should 

be considered.  

 

Finally, it is recommended that for target species, at least 20 individuals of each sex per 

supersite (N = 160 per species) be collected annually to support analyses of gonad and liver 

somatic index and isotopic analysis (Doherty et al., 2005).  

Headpond Fish Community  

Gautreau et al., (2018) provide an overview of the results from fish community sampling in 

the headpond that occurred in 2016 and 2017. The results are presented separately for 

each year given: only one gear type is used in both years (fyke net) and temporal trends are 

not presented.  

In 2016, the nearshore headpond fish community was dominated by YOY Gaspereau 

(91%), similar to the downstream river fish community. Brown Bullhead, Yellow Perch, 

Pumpkinseed, and White Sucker contributed the most to catch in 2016 when YOY fishes 

were excluded. A total of 15 species were observed.  

In 2017, a total of 16 species were captured, which included three species not observed in 

2016: American Eel, Blacknose Dace (Rhinichthys atratulus), and Largemouth Bass 

(Micropterus salmoides). Species that were observed in 2016 but not in 2017 were: 

Rainbow Smelt (Osmerus mordax), Fourspine Stickleback (Apeltes quadracus), and Lake 

Chub (Couesius plumbeus). Both species of Gaspereau (Alewife, and Blueback Herring) were 

observed. YOY fishes were the largest contribution to overall catch in 2017 across all gear 

types of which 67% of YOYs were Gaspereau (Gautreau et al., 2018). Pumpkinseed was the 

Species Weight Length N

Common Shiner 122 19 125

Smallmouth Bass >1000 214 215

White Sucker 45 35 50

Yellow Perch 55 43 55
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most abundant non-YOY fish observed in 2017 followed by Brown Bullhead, Yellow Perch, 

White Sucker, and White Perch (Morone americana). 

Annual CPUE by gear type and species is presented in Gautreau et al., (2018). Temporal 

trends in mean annual species CPUE for the fyke net gear type are not presented; however, 

qualitatively CPUE appears relatively consistent between years for the most frequently 

caught species. An exception may be Pumpkinseed, which was caught in extremely high 

abundance in Long’s Creek in 2017 (CPUE = 9.1 fish / hour).  

 

Mean annual length, weight, and condition (Fulton’s K) is adapted from Gautreau et al., 

(2018) and presented in Table 15 (2016) and Table 16 (2017), below. Means are estimated 

from all gear types combined. 

 

Comparisons among mean length and weight between annual surveys in the headpond are 

confounded because multiple gear types were utilized only in 2017, likely influencing the 

size distribution of fishes collected (see methods section 2.5). Similarly, it is difficult to 

compare population demographic information between headpond and riverine sites 

downstream of the MGS. For example, Smallmouth Bass in 2016 headpond surveys appear 

to have much higher mean weight compared to downstream riverine sites (432.6 g in the 

headpond in 2016; 286.4, 248.6, and 256.6 in 2015, 2016, and 2017 at downstream 

riverine sites, respectively – Appendix 5). However, headpond sites in 2016 were surveyed 

with one gear type, fyke net, whereas in 2017 multiple gear types that were consistent with 

downstream riverine sites were used. Smallmouth Bass mean weight in the 2017 headpond 

survey (276.6 g) was similar to downstream riverine sites.  

 

Table 15: Mean species fork length (FL, mm), weight (WT, g), and condition factor (K) for 

each species, excluding YOY, captured in the headpond in 2016. No. = number included in 

mean calculation. Reproduced from Gautreau et al., (2018) with permission. 

 

Species No.FL Mean FL (mm) SD FL Mean WT (g) SD WT (g) K SD K

Fourspine Stickleback 2 43 2 - - - -

Brown Bullhead 722 228 39 174.1 97.2 1.35 0.24

Banded Killifish 2 66 1 2.5 0.7 0.88 0.3

Chain Pickerel 8 382 131 320.2 417.1 0.48 0.37

Common Shiner 93 63 18 4.2 4.4 0.89 0.28

Fallfish 43 218 47 148.3 64.5 1.19 0.06

Gaspereau 6 57 13 2.5 0.7 0.72 0.08

Golden Shiner 74 89 29 10.5 8.6 1.08 0.33

Lake Chub 1 92 - 13 - 1.67 -

Pumpkinseed Sunfish 232 95 32 26.2 24.9 2.04 1.34

Rainbow Smelt 33 105 9 7.3 3.2 0.62 0.23

Smallmouth Bass 181 271 103 432.6 353.2 1.5 0.34

White Perch 149 196 84 199.8 175.8 1.6 0.27

White Sucker 198 350 58 581.6 281.2 1.23 0.21

Yellow Perch 345 138 50 48.8 50.7 1.19 0.6
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Table 16: Mean species fork length (FL, mm), weight (WT, g), and condition factor (K) for 

each species, excluding YOY, captured in the headpond in 2017. No. = number included in 

mean calculation. Reproduced from Gautreau et al., (2018) with permission 

 

The 2016 and 2017 baseline assessment of fishes in the headpond can help inform future 

monitoring studies that aim to investigate changes in the operation of the MGS fish lift. For 

example, if additional species are actively managed for passage (e.g., American Eel) 

comparisons of baseline and post-passage relative abundance will be key to evaluating 

passage success.  

Future monitoring in the headpond should employ a sampling strategy consistent with 

sampling occurring downstream in the supersites. This should include using the same gear 

types, in the same season, and with proportionally similar effort and sampling targets.  

3.6. Total Mercury Concentrations in Fish  

Mercury is a naturally occurring element in the environment. However, human activities 

can increase the concentration of mercury in the atmosphere. Mobilized mercury is 

typically of the inorganic form and can travel a great distance in the atmosphere before it is 

deposited either on the terrestrial or aquatic landscape (Reinhart and Kidd, 2018). In the 

aquatic environment bacteria utilize this inorganic mercury and transform it into an 

organic form, which is toxic, and called methylmercury (Reinhart and Kidd, 2018). 

Methylmercury accumulates in the tissues of aquatic organisms through consumption. It 

also bioaccumulates: as a fish ages or eats other organisms the methylmercury 

concentration in its tissues and organs increases. Humans who consume the flesh and 

organs of fish with high concentrations mercury are exposed to health risks associated with 

Species No.FL
Mean FL 

(mm)
SD FL No.Wt

Mean WT 

(g)

SD WT 

(g)
K SD K

Alewife 3 255 16 3 179.7 18.5 1.09 0.1

American Eel 6 590 198 1 1738 - 0.24 -

Banded Killifish 49 64 10 47 2.7 1.2 0.95 0.18

Blacknose Dace 1 106 - 1 12.8 - 1.07 -

Blueback Herring 3 214 14 3 104 17.5 1.06 0.2

Brown Bullhead 573 210 60 426 163.5 116.9 1.44 0.24

Chain Pickerel 4 247 115 4 159.3 177.3 0.68 0.07

Common Shiner 75 81 28 69 9.5 8.2 1.43 0.54

Fallfish 118 141 46 115 50 50.6 1.34 0.33

Gaspereau 20 176 88 12 131.5 91 1.17 0.26

Golden Shiner 96 112 26 85 22.6 13.1 1.28 0.26

Largemouth Bass 32 62 29 29 7.3 22.2 1.54 0.28

Pumpkinseed Sunfish 900 93 32 660 25.1 25.7 2.01 0.4

Smallmouth Bass 147 209 133 130 276.6 357.8 1.46 0.34

White Perch 238 103 61 184 41 77.3 1.47 0.39

White Sucker 364 260 90 290 318 274.5 1.3 0.16

Yellow Perch 627 104 41 525 20.8 32.4 1.22 0.29
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ingesting mercury. Health Canada has established that for commercial sale of freshwater 

fish total mercury concentrations must be less than 0.5 mg/kg of wet weight to avoid risks 

to human health (Health Canada, 2018).  

Reinhart and Kidd (2018) compared the concentration of total mercury of fish captured in 

the vicinity of the MGS to Health Canada’s recommended 0.5 mg/kg maximum guideline.  

In 2017, a total of 116 fish were assessed for mercury concentrations. Forty-seven 

individuals were captured upstream of MGS and 68 were collected downstream (Table 17). 

Several species were found to have total mercury concentrations that exceeded Health 

Canada guidelines: Muskellunge, Shortnose Sturgeon, Striped Bass, and Smallmouth Bass 

(above MGS only). However, only large individuals of Muskellunge, Shortnose Sturgeon, 

and Striped Bass were assessed. Similarly, Smallmouth Bass collected above MGS were also 

larger than those captured downstream. In these species a positive relationship was 

detected between fish size and total mercury concentration. Additionally, few samples of 

Shortnose Sturgeon (N=3) and Striped Bass (N=2) were collected for assessment and 

results should be interpreted with caution.  

Table 17: Average concentrations (± standard deviation) of total mercury (THg mg/kg wet 

weight), lengths (mm) and weights (g) of fishes sampled upstream and downstream of the 

MGS in the SJR in 2017 (modified with permission; Reinhart and Kidd, 2018). 

Area/Species THg mg/kg ww Length (mm) Weight (g) Sample Size 

Upstream       47 

American Eel 0.49 890 1,738 1 

Gaspereau 0.10 ± 0.03 260 ± 03 129 ± 49 5 

Largemouth Bass 0.12 ± 0.21 80 ± 50 14 ± 34 12 

Smallmouth Bass 0.58 ± 0.29 220 ± 110 247 ± 374 25 

White Perch 0.15 190 --- 1 

White Sucker 0.13 ± 0.02 230 ± 70 140 ± 122 2 

Downstream       68 

American Eel 0.24 ± 0.07 320 ± 100 73 ± 84 20 

Gaspereau 0.07 ± 0.01 130 ± 10 21 ± 2 8 

Muskellunge 0.91 ± 0.54 860 ± 120 4,598 ± 1,928 10 

Rainbow Trout 0.08 ± 0.02 550 ± 59 2,508 ± 1,610 5 

Shortnose 
Sturgeon 

0.99 ± 0.57 900 ± 59 3,860 ± 823 3 

Smallmouth Bass 0.38 ± 0.42 220 ± 110 247 ± 374 20 

Striped Bass 1.13, 2.14 880, 1050 7700, 13600 2 

Overall       114 
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Other species where a positive relationship between fish length (size) and total mercury 

concentrations was observed were American Eel and Largemouth Bass. No relationship 

was observed between fish size and mercury concentration for Gaspereau, Rainbow Trout, 

or White Sucker.  

Diet can affect the concentration of total mercury observed across species: benthivores and 

planktivores typically have lower mercury concentrations compared to piscivores as a 

result of bioaccumulation. However, fish life history can also play a role. For example, 

Shortnose Sturgeon are benthivores, but experience high levels of mercury contamination 

due to their longevity (Reinhart and Kidd, 2018).  

Few historical or contemporary studies of mercury in fish of the SJR have been conducted. 

However, Reinhart and Kidd (2018) found that concentrations observed in 2017 were 

similar to those of a 1975 study and to results found in the Canadian Fish Mercury 

Database (Table 2 in Reinhart and Kidd, 2018), except for Muskellunge, Striped Bass and 

White Perch which were higher than the national averages. However, as mentioned above 

few individuals of those species were assessed by Reinhart and Kidd (2018). 

3.7. Isotopic Niche Width of the Fish Community 

Stable-isotope values for 𝛿13C and 𝛿15N demonstrated a general pattern among sampling 

areas (Figure 28; Appendix 7), although convex hull total area (TA) varied between sites 

and community groups (Table 18). The areas directly up and downstream of the MGS (MGS 

headpond; Figure 28-b and Tailrace; Figure 28-c, respectively) had the largest niche 

widths, with Tailrace having the largest of all sampling areas. Nackawic, the area furthest 

upstream (Figure 28-a) and the Islands, the area furthest downstream (Figure 28-d) of the 

MGS, had similar niche widths to one another (Table 18). A full species list of organisms 

assessed for isotopic values can be found in Appendix 7. 
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Figure 28: Isotope values for 𝛿13C and 𝛿15N (leaf litter – forest green; biofilm – blue; 

particulate organic matter – red; benthic macroinvertebrates – orange; fish – black) and 

community-wide convex hull total areas (TA), based on the distribution of aquatic 

community groups isotope values in niche space for supersites (a) Nackawic, (b) MGS 

headpond, (c) Tailrace, and (d) Islands.   

Fish had similar niche widths across sampling areas, with the Tailrace having the largest 

niche width (Table 18). Leaf litter in the Islands had a very large niche width, while the 

MGS headpond had the largest niche width for POM (Table 18). Invertebrates directly 

downstream of the MGS in the Tailrace supersite had the largest niche width, followed by 

the Islands (Table 18). Variation across sampling areas within community groups (e.g., 

variation within benthic invertebrates in a sampling area such as Islands), is likely 

influenced by replicate site selection within area, where sampling areas were large and 

encompassed multiple habitat types.  
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Table 18: Convex hull total area values representing niche width for a) the four sampling 

areas incorporating all community groups, and b) each community group within an area. 

Particulate Organic Matter=POM. 

a) 

Nackawic MGS Headpond Tailrace Islands 

55.15 77.71 82.33 55.31 

 

b) 

  Fish Leaf Litter POM Biofilm Invertebrates 

Nackawic 35.83 0.04 0.75 0.42 3.53 

MGS Headpond 35.02 0.45 3.01 0.07 4.65 

Tailrace 37.04 1.42 0.28 1.68 28.73 

Islands 33.49 16.39 0.03 0.82 19.25 

 

The above results suggest that the change in niche width appears to be associated with 

habitat use. The MGS headpond area and Tailrace supersite provide examples of how dams 

can expand niche space away from the natural state of the river: community-wide niche 

space shifted toward a reliance on lacustrine energy processes. Community-wide metrics, 

such as TA, represent the extent of trophic diversity within multiple, similarly comprised 

food webs, especially when examining temporal changes and/or exposure to 

environmental gradients (Layman et al., 2007). Niche width can be combined with 

environmental variables (e.g. temperature, flow, climate, topographic, etc.) that are closely 

associated with the species presence and can be projected onto landscapes to identify 

changes associated with hydroelectric facilities. Additional years of sampling are required 

to examine and develop niche width as a potential metric of the aquatic biological 

community. 

3.8. Freshwater Mussel Community 

Freshwater mussels are sensitive to changes in water level, flow, and temperature (Martel 

et al., 2010), as well as to several pollutants such as heavy metals, chloride, and copper 

(e.g., Gillis, 2011). Unsurprisingly, the taxa is often considered a useful bioindicator of the 

aquatic ecosystem. Martel et at., (2010) report that of the 55 species of freshwater mussels 

found in Canada, 11 species occur in the SJR. One species, the Dwarf Wedgemussel 

(Alasmidonta heterodon) is extirpated. 

The freshwater mussel community of the SJR downstream of the MGS was surveyed in the 

summer of 2016. The objective of the survey was to assess baseline mussel presence, 
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distribution, and relative abundance among 28 sites between the MGS and Gagetown-

Oromocto. The downstream survey locations (Gagetown-Oromocto) were selected because 

this area is predicted to become a sediment deposition zone under development Option 3 

for the MGS (i.e., dam removal).  

Twenty-six sites were surveyed using a semi-quantitative timed- search (1 person hour) 

approach, in a known area (10 x 10 m), by snorkeling and using visual/tactile techniques. 

Two sites were surveyed using SCUBA following a bottom transect for a known period of 

time (0.5 person hour). 

Among all sites, five species and 6,713 individual mussels were collected (Table 19; 

McLean et al., 2016). Species encountered were: Eastern Elliptio (Elliptio complanata), 

Eastern Floater (Pyganodon cataracta), Alewife Floater (Anodonta implicata), Eastern 

Lampmussel (Lampsilis radiata), and the Tidewater Mucket (Leptodea ochracea). Eastern 

Ellitipo was encountered at 23 of 28 sites and comprised 75.2% of all mussels collected. 

However, Eastern Floater was more common at sites closest to the MGS compared to 

Eastern Elliptio, which increased in abundance as distance from the MGS increased. The 

highest total abundance among all species was observed between sites 14-17, among the 

island habitats located north-west of the city of Fredericton (see Figures 2 and 3 in McLean 

et al., 2016).  
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Table 19: Location, survey date, and total number of each species collected during the 

freshwater mussel surveys of 2016 in the SJR. A= Eastern Elliptio, B = Eastern Floater, C = 

Alewife Floater, D = Eastern Lampmussel, and E = Tidewater Mucket. Modified from 

McLean et al., (2016). * Represents deep-water sites. 

 

Neither of the two federally listed species at risk, Yellow Lampmussel (Lampsilis cariosa) or 

Brook Floater (Alasmidonta varicosa) were observed in 2016 (McLean et al., 2016).  

The substrate composition among sites was reported as changing along a downstream 

gradient: in upstream reaches the substrate was predominantly a coarse/fine flow-sorted 

mixture with low to moderate embeddeness, whereas downstream the substrate was 

predominantly sand with high embeddeness (McLean et al., 2016). The highest mussel 

density was associated with sand substrates with high embeddeness. 

Several of the sites located closest to the MGS (Site 2, 4, 5, 7) were associated with low 

mussel capture (Table 19). However, these sites were sampled in early October when 

water temperatures ranged between 17.1-19.5oC. Low capture at these sites may be related 

to seasonal mussel behaviour; mussels are unable to thermoregulate and many species 

Site Latitude Longitude Survey Date Total No. of Individuals Collected

1 45.95921 -66.83321 9-Aug A(6), B(92), C(8), D(0), E(0)

2 45.9593 -66.82592 4-Oct A(0), B(4), C(0), D(0), E(0)

3 45.96138 -66.82172 4-Aug A(56), B(9), C(28), D(5), E(0)

4 45.96675 -66.8204 4-Oct A(0), B(0), C(0), D(0), E(0)

5 45.96981 -66.82172 4-Oct A(0), B(0), C(0), D(0), E(0)

6 45.98447 -66.82185 3-Aug A(1), B(11), C(5), D(1), E(0)

7 45.97943 -66.77235 6-Oct A(0), B(0), C(0), D(0), E(0)

8* 45.98377 -66.76843 22-Sep A(16), B(8), C(2), D(3), E(0)

9 45.98179 -66.76473 8-Aug A(140), B(17), C(7), D(16), E(0)

10 45.97223 -66.75608 5-Aug A(3), B(0), C(6), D(2), E(0)

11 45.97137 -66.75548 6-Oct A(0), B(0), C(0), D(0), E(0)

12 45.96923 -66.74898 29-Jul A(48), B(104), C(39), D(61), E(0)

13 45.97491 -66.74669 5-Aug A(53), B(83), C(18), D(43), E(0)

14 45.97127 -66.73561 8-Aug A(1526), B(186), C(1), D(27), E(1)

15 45.97463 -66.71228 3-Aug A(393), B(107), C(12), D(49), E(1)

16 45.97612 -66.70235 29-Jul A(467), B(29), C(2), D(26), E(0)

17 45.97332 -66.69705 28-Jul A(777), B(67), C(3), D(54), E(0)

18 45.97012 -66.68349 27-Jul A(78), B(17), C(7), D(16), E(0)

19 45.96439 -66.67264 27-Jul A(238), B(43), C(5), D(20), E(5)

20* 45.96898 -66.65179 22-Sep A(9), B(5), C(2), D(2), E(0)

21 45.96606 -66.65166 2-Aug A(68), B(3), C(5), D(11), E(1)

22 45.97211 -66.64867 2-Aug A(353), B(25), C(10), D(16), E(1)

23 45.876047 -66.51046 27-Sep A(208), B(39), C(1), D(6), E(6)

24 45.87701 -66.42735 27-Sep A(83), B(16), C(3), D(4), E(6)

25 45.88391 -66.34607 29-Sep A(248), B(56), C(0), D(12), E(9)

26 45.87934 -66.33592 29-Sep A(16), B(28), C(5), D(0), E(4)

27 45.79868 -66.11889 20-Sep A(31), B(0), C(0), D(4), E(0)

28 45.79467 -66.10824 20-Sep A(232), B(28), C(3), D(15), E(0)
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burrow to escape decreasing temperatures (Amyot and Downing, 1997). Mussel burrowing 

activity is known to decrease below 16oC and in Ontario, Canada, mussel surveys are not 

permitted below this temperature threshold (Mackie et al., 2008). Horizontal and vertical 

mussel movement has been further associated with reproduction, feeding, water velocity, 

water temperature, and day length (Amyot and Downing, 1997; Schwalb and Pusch, 2007; 

Perles et al., 2003). Therefore, comparisons of species presence and abundance between 

sites sampled when water temperatures were warm (e.g., >20oC) and when water 

temperature began to decrease (e.g., <20oC) may not be appropriate. 

As only two deep water sites were surveyed it is difficult to assess whether the lower 

detection of mussels at these sites, compared to shallow water sites, is related to reduced 

mussel preference, habitat variables, minimal sampling effort, or simply site location.  

As noted above, only five of the 10 species currently known to occupy the SJR were 

detected in the 2016 survey. The Brook Floater was encountered only once in the SJR 

watershed in the 1960s, and is known to prefer shallow rivers and streams with riffles and 

rapids and substrates of cobble-rock with sand pockets. Therefore, it was not anticipated to 

detect this species in the study region of the SJR. Historical records of Yellow Lampmussel 

exists for the area in and around Sugar Island (COSEWIC, 2013; COSEWIC, 2004) and 

therefore many of the survey sites in this study were located near Sugar Island. However, it 

was not detected in the 2016 survey. In 2018, a subsequent MAES freshwater mussel 

survey successfully located three Yellow Lampmussels in the nearshore area of a city park 

in Fredericton (E. Lippert, 2018, p.comm) downstream of Sugar Island. The relatively rare 

Triangle Floater was also discovered in 2018 in the Keswick channel of the SJR near 

Eqpahak Island (E. Lippert, 2018, p.comm). 

The semi-quantitative, timed-search approach used in the 2016 survey may have limited 

our ability to detect all species present at a site due to limited search effort (1 person hour), 

despite high search efficiency (i.e., shallow, clear water with little vegetation). Metcalfe-

Smith et al., (2000) found that fewer than 50% of species present at a location are typically 

detected when search effort is less than four person hours during visual and tactile surveys. 

However, Smith et al., (2001) report that semi-quantitative (e.g., timed-search) surveys are 

more effective for finding rare freshwater mussel species than fully quantitative (e.g., 

quadrat with excavation) approaches. This necessitates that program objectives be 

determined a priori so that an appropriate survey design can be selected.  

If the objective of the sampling program is to assess freshwater mussel population trends 

through time and evaluate population demographics, then quantitative surveys with 

excavation must be conducted.  
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Therefore, it is recommended that future freshwater mussel surveys in the SJR in the 

vicinity of the MGS incorporate the following guidelines (for presence-absence objectives):  

 Conduct surveys between  late June and late August when water temperatures are 

warm(>20oC), when water clarity is high, and during base/low flows, 

 At least four person hours per site is required when employing visual/tactile 

surveys to have confidence in species presence results, and 

 Replicate surveys of each site should occur throughout the season (especially 

important if trying to determine species absence). 

3.9. Plankton Community 

Plankton are the foundation of the aquatic food chain.  Phytoplankton are primary 

producers and are colloquially referred to as algae. This taxa is extremely diverse in 

freshwater systems and is responsible both for producing oxygen (as a by-product of 

photosynthesis), as well as contributing to anoxic conditions. Cyanobacteria are often 

assessed with phytoplankton and are responsible for “harmful bacteria blooms”, where 

bacteria produced toxins may cause harm to animals, water supplies, and humans.  

Zooplankton are small animals that live in the water column of fresh and marine waters 

and function as an intermediate trophic stage. Zooplankton are a primary food item for 

many fish species. Shifts in zooplankton species abundance or composition can drastically 

alter fish communities (e.g., Rennie et al., 2015). 

Pelagic plankton species are more often associated with slow to moderate flow conditions 

(e.g., lakes, reservoirs, inlets) as compared to fast flowing rivers (Nguyen et al., 2016) and 

thus we may expect differences in the plankton community between headpond and 

downstream river sites in the SJR. 

The plankton community of the SJR headpond and downstream of the MGS was assessed in 

2014, 2015 and 2016 to evaluate baseline conditions. The number of phytoplankton genera 

collected each year was: 55 in 2014, 55 in 2015, and 126 in 2016 (109 from the headpond, 

and 111 from downstream river sites). The number of zooplankton genera collected each 

year was: 23 in 2014, 32 in 2015, and 43 in 2016 (33 from headpond, and 36 from 

downstream river sites). The observed increase in species richness across years is likely 

related to the large increase in sampling effort expended in 2016 (both an increase in the 

number of sites and replicate samples within a year). Figure 29 illustrates the large 

variance of plankton richness and diversity among sites and years. Table 20 and 21 report 

the top five dominate genera for phytoplankton and zooplankton collected in headpond 

and river habitats across years, respectively. 
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Figure 29: Mean number of plankton genera (A and C) and Simpson’s diversity index (B and 

D) for phytoplankton and zooplankton, across sites and years collected from headpond 

(HP) and downstream riverine (Riv) sites in the SJR. The headpond is located immediately 

upstream of MGS, whereas riverine sites are located downstream of MGS. The 2014 data 

points do not represent a mean as only a single sample was taken from each site in that 

year. 



MAES Report Series 2019-066 

72  
 

Table 20:  Total annual phytoplankton biovolume (µ³/mL) and percent dominance by 

genera, among sites and habitat types (headpond and river) within the SJR. Only the top 

five dominant genera are shown. Per = Percent of total annual biovolume. 

Year Habitat Genus Total Biovolume per 

2014 HP Acanthoceras 2857855671 74.90% 

2014 HP Aulacoseira 437778717.3 11.50% 

2014 HP Dinobryon 233414212.9 6.10% 

2014 HP Asterionella 142441211.4 3.70% 

2014 HP Ceratium 40315405.64 1.10% 

2015 HP Aulacoseira 971091472.8 70.70% 

2015 HP Fragilaria 153128437.6 11.10% 

2015 HP Ceratium 69558101.06 5.10% 

2015 HP Synedra 55285571.37 4.00% 

2015 HP Asterionella 26418345.31 1.90% 

2016 HP Aulacoseira 18395301.28 58.40% 

2016 HP Asterionella 6029226.819 19.10% 

2016 HP Fragilaria 2216627.106 7.00% 

2016 HP Microcystis 1114746.958 3.50% 

2016 HP Tabellaria 885658.0815 2.80% 

2016 Riv Aulacoseira 7076740.633 51.50% 

2016 Riv Asterionella 1678832.928 12.20% 

2016 Riv Ulothrix 1395379.877 10.20% 

2016 Riv Fragilaria 681274.1283 5.00% 

2016 Riv Oedogonium 463817.8654 3.40% 
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Table 21:  Total annual number of zooplankton (sample corrected) by genera, and percent 

dominance among sites and habitat types (headpond and river) within the SJR. Only the top 

five dominant genera are shown. Per = Percent of total annual number of zooplankton. NA 

= an unidentified genus, and always of the order Copepoda, Cyclopoida, or Calanoida. 

Year Habitat Genus 
Total Number of 

Individuals 
Per 

2014 HP Keratella 102805.6003 43.60% 

2014 HP Polyarthra 60083.0576 25.50% 

2014 HP Trichocerca 22129.7421 9.40% 

2014 HP NA 21466.5845 9.10% 

2014 HP Bosmina 10447.7405 4.40% 

2015 HP Polyarthra 84102 32.20% 

2015 HP Keratella 80787.33337 30.90% 

2015 HP Synchaeta 50565.33337 19.40% 

2015 HP NA 18072.50003 6.90% 

2015 HP Ploesoma 10090 3.90% 

2016 HP Synchaeta 368778.4147 48.10% 

2016 HP Polyarthra 198864.6951 26.00% 

2016 HP Keratella 105446.5225 13.80% 

2016 HP NA 33034.32601 4.30% 

2016 HP Ploesoma 9212.176992 1.20% 

2016 Riv Synchaeta 163944.753 66.20% 

2016 Riv Polyarthra 41291.99735 16.70% 

2016 Riv Keratella 22580.43494 9.10% 

2016 Riv NA 3887.44056 1.60% 

2016 Riv Rotaria 2962.125022 1.20% 

 

Estimated plankton biovolume at riverine and headpond sites across 2014, 2015 and 2016 

are shown in Figure 30. While it appears that riverine sites in 2016 yielded exceptionally 

lower biovolume compared to headpond sites (pooled among sampling seasons) in 2014 

and 2015, direct comparisons are not possible. Riverine sites were only sampled in 2016, 

and Figure 30 shows that estimates of biovolume in the headpond were also lower in 2016 

as compared to 2014 and 2015. It is unclear if these results reflect changes in the 

phytoplankton community in the SJR both above and below the MGS in 2016, or if it is an 

artifact of sampling design and data processing changes in that year.  
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Figure 30: Log mean annual biovolume (µ³/mL) of phytoplankton collected from headpond 

(HP) and riverine (Riv) sites in the SJR in 2014, 2015, and 2016.  

Nguyen et al., (2016) found no significant differences in phytoplankton species richness 

among stratified layers (epi, meta, and hypolimnion) in the headpond in 2016. However, 

the number of phytoplankton cells did differ between stratified layers; which layer had the 

highest or lowest number of cells is not reported. Phytoplankton species richness and the 

number of cells did not differ significantly among headpond sites during either stratified or 

non-stratified conditions (Nguyen et al., 2016). Neither was a difference observed among 

riverine sites in terms of species richness or number of cells in either time period 

(stratified or non-stratified). Nguyen et al., (2016) reports a significant difference in the 

phytoplankton assemblage between headpond and riverine sites in 2016. Nguyen et al., 

(2016) also identified a number of cyanobacteria species that have been linked to harmful 

bacteria blooms. Specifically, site HP2 was identified as hosting an increased number of 

cyanobacteria.   

Zooplankton community assemblage did not differ among stratified layers, but did differ 

significantly between headpond and riverine sites in 2016 (Nguyen et al., 2016). 
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The lack of difference observed in the zooplankton or phytoplankton community among 

stratified layers suggests that stratification is weak, and the thermal barrier is not sufficient 

to restrict vertical plankton mixing. Dolson-Edge et al., (2018 & 2019) also suggested that 

stratification in the headpond is weak.   

Nguyen et al., (2016) suggests that the downstream riverine sites in the SJR are 

supplemented by the plankton community of the headpond, but remain measurably 

different due to the influence of the Keswick River as well as physical differences between 

the two habitats (e.g., velocity, turbidity). 

Finally, Nguyen (2018) estimated the trophic status of sites sampled in 2016 in the 

headpond and downstream of the MGS based on the Myxophycean index, which is a ratio of 

Cyanobacteria to Desmidiales species. This index suggested that all headpond and riverine 

sites in 2016 were classified as eutrophic, which was consistent with an assessment of 

trophic status based on secchi disc depth.  

3.10. Distribution and Species Richness of Macrophytes 

Hydroacoustic surveys of 13.8 km2 between the MGS and Fredericton demonstrated that 

submerged aquatic macrophytes cover 24.4% of the total riverbed surveyed (Figure 31).  

Macrophyte coverage was sparse to non-existent for most of the main channel where flow 

was persistent, including channels connecting the main south and north channels, and the 

centre of the main channel to the point where the river widens below Sugar Island (Figure 

31). Macrophyte coverage increased towards environments with lesser flows, such as 

sheltered coves amongst the islands and towards main channel margins (Figure 31).   
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Figure 31:  Hydroacoustic survey results showing the distribution of macrophyte coverage 

(in green) from the MGS to downstream of Fredericton, NB. The inset represents most of 

the “Islands” supersite area.  

Species observed forming dense macrophyte beds in the study region included 

Potamogeton perfoliatus and Vallisneria Americana, where beds were observed in channel 

(north and south) and channel margin habitats (including downriver of island tips). 

Myriophyllum heterophyllum was observed forming dense beds in deep cove areas with 

slower moving waters. In total, 29 species were observed across 171 survey sites 

(Appendix 8); however, additional species were observed in the study region, but outside 

of the designated survey sites (such as Acorus americanus; Pontedaria cordata). Site-
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specific species richness ranged from zero to 13 and the distribution of alpha, gamma, and 

beta richness was 4.5, 29 and 6.4, respectively. 

 

Species of special interest, i.e., those that are either uncommon or introduced, were 

identified at 41 of 171 survey sites (24%; Table 22). This includes species with New 

Brunswick Provincial conservation ratings of potentially vulnerable (S3), imperiled (S2), or 

introduced (and potentially invasive). The inner island cove habitats yielded greater 

species richness than main channel river habitats, and island cove habitats hosted the 

majority of species of special interest. Considering that species of special interest were 

observed at 41 of 171 survey sites, it is questionable whether or not these species are in 

fact rare, or are more widely distributed and abundant than previously thought given that 

the survey region only encompassed ~18 km of the 673 km long SJR. Given the difficulties 

associated with observing submerged aquatic habitats and considering the general lack of 

systematic surveys of flora in this region, it is certainly possible that many rare species of 

submerged macrophytes have been overlooked and are possibly more common than 

currently perceived. Additionally, while conducting the baseline species richness surveys, a 

previously unreported invasive species, Myriophyllum spicatum (Table 22) was identified. 

This finding led to a secondary, targeted survey to assess the distribution of Myriophyllum 

spicatum (Eurasian Water-milfoil) in the SJR. Bruce et al., (in prep) provides a more 

detailed assessment and discussion of the implications of this invasive species in this 

region.  

 

Table 22: Species of special interest observed in the 2015 macrophyte survey of the SJR 

between the MGS and Fredericton, NB. 
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45.97116 -66.78796   X   X  

45.97556 -66.758 X       

45.96895 -66.74815 X       

45.9729 -66.74338      X  

45.97295 -66.71191      X  

45.96773 -66.7123     X X  

45.97169 -66.67942  X    X  

45.97228 -66.6156 X     X  
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45.96629 -66.65982      X  

45.9725 -66.65385   X     

45.96175 -66.62749  X      

45.9666 -66.64801      X  

45.97021 -66.63874      X  

45.96783 -66.63275      X  

45.96042 -66.63528  X    X  

45.95877 -66.62556  X      

45.95716 -66.63283  X      

45.95309 -66.62378  X      

45.97973 -66.76971     X   

45.9839 -66.81358  X      

45.98438 -66.81328  X X     

45.98301 -66.80767   X     

45.98333 -66.80748   X     

45.98025 -66.80383   X     

45.98394 -66.82141   X     

45.98542 -66.82039   X     

45.99216 -66.82001   X     

45.99216 -66.82001   X     

45.9794 -66.74919      X  

45.97587 -66.71372      X  

45.97473 -66.71415  X      

45.97717 -66.69476  X      

45.97577 -66.68854    X    

45.99126 -66.81245   X     

45.99098 -66.80604   X     

45.99029 -66.800052   X     

45.98842 -66.80109  X X     

45.98803 -66.77971  X X     

45.9857 -66.7747  X      

45.97546 -66.75225  X      

45.9763 -66.76091 X X     X 

 

Recommendations for future biomonitoring 

 

The results presented above demonstrate the first systematic approach to describe the 

state of aquatic macrophytes in the SJR and will serve as a baseline for comparison in 

future investigations. Biomonitoring of macrophyte assemblages commonly utilize visual 
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assessments of species relative abundance or percent coverage within a survey area. 

However, such approaches are problematic for the following reasons: first, the temporal 

variation in macrophyte growth within and across growing seasons renders comparison of 

field assessments over a large survey area impractical. Second, such observation-based 

approaches are subject to interpretation of the observer and field conditions at the time of 

sampling, which are often not temporally consistent across a sampling period. Lastly, such 

approaches are qualitative at best and not necessarily helpful for tracking ecosystem 

responses to change. 

 

Thus, future biomonitoring of the macrophyte flora in the SJR should consist of acoustic 

surveys that quantify macrophyte coverage and localized site-specific species richness 

surveys consistent with the sampling methods outlined in section 2.10. Future 

biomonitoring sites should be selected based on the above survey results and 

interpretation of alpha, beta, and gamma species richness to look for distributional changes 

in richness, as this would be an indication of shifts in macrophyte assemblages as a result of 

altered environmental conditions. Additionally, monitoring the spread and abundance of M. 

spicatum should continue in order to assess the conditions (e.g., flow) that promote 

colonization of this invasive species and its impacts.  

4. Conclusion 

This report provides a synthesis of the biological data collected throughout the MAES 

program between 2014 and 2017. It is meant to inform a holistic characterization of the 

baseline conditions of the aquatic biological communities that reside in the SJR, primarily 

from the MGS headpond and downstream ~18 rkm to the city of Fredericton, NB. However, 

several other areas and aquatic communities of interest were examined because they are 

relevant to understanding how the MGS effects those communities, these include: 

freshwater mussels downstream of Gagetown, and dragonflies in Grand Lakes Meadows. 

This report characterizes the main aquatic communities that have traditionally been 

considered when evaluating environmental impacts and change in an ecosystem, as well as 

novel aquatic communities, including: invasive and species at risk, juvenile eels, benthic 

invertebrates, dragonflies, fishes, freshwater mussels, plankton, and macrophytes. Other 

important information such as the concentration of mercury in fishes, and an assessment of 

the trophic niche width of the aquatic community is also provided. Where relevant, key 

data gaps and recommendations are identified and methods are proposed to improve both 

future monitoring and analyses of future data. Recommendations in this report will 

support the development and use of ecologically relevant aquatic biological indicators and 

triggers for the SJR.  
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Appendix 1 - Formulae used in the National CABIN database to create standardized 

benthic macroinvertebrate metrics. T. Pascoe p.comm. 2018. 

 

Hilsenhoff Biotic Index (at the family level called HFI) 

 
 

Shannon-Wiener Diversity Index 
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Appendix 2 – Summary of sampling time, location, habitat information, and common metrics exported from the CABIN database.  
Site Date Year %_5_dom %_dom Log EPT Abund HFI EPT_to_CEPT Shan Simp_ev %tolerant Log_Tot_abund Tot_taxa Latitude Longitude AvgDept_cm AvgVel_ms MaxVel_ms SU_D50_cm W_temp Hab_class

SJR-BUR 25-Sep-14 2014 95.96 41.61 3.99 3.87 0.91 1.45 0.33 0.93 4.03 10 45.97171 -66.80534 21.8 0.62 0.76 5.15 18.7 Riffle

SJR-BUR 14-Oct-15 2015 97.14 81.90 1.79 3.02 0.69 0.82 0.11 82.10 2.72 14 45.97 -66.80441 28.7 0.71 0.81 5.9 15.8 Riffle

SJR-BUR 28-Sep-16 2016 100.00 97.35 0.00 6.00 NA 0.15 0.26 95.71 3.34 4 45.972 -66.80318 25 0.68 0.85 18.5 Riffle

SJR-BUR 29-Sep-17 2017 93.38 35.65 3.51 3.94 0.63 1.68 0.77 0.63 3.72 10 45.97122 -66.80591 27.5 0.82 0.91 4.5 19 Riffle

SJR-BWR 24-Sep-14 2014 94.42 76.95 3.01 4.21 0.57 1.00 0.10 66.77 4.01 16 45.97583 -66.72768 40.8 0.15 0.24 3.6 17.94 Riffle

SJR-BWR 13-Oct-15 2015 97.58 90.33 2.00 3.22 0.45 0.51 0.10 89.82 3.52 12 45.97594 -66.7281 49.5 0.08 0.27 4.2 15.5 Riffle

SJR-BWR 27-Sep-16 2016 94.85 58.08 2.75 7.07 0.76 1.32 0.17 87.35 4.07 15 45.97562 -66.72935 36.7 0.68 0.85 3.2 16.6 Riffle

SJR-BWR 17-Sep-17 2017 88.00 49.54 2.81 7.84 0.47 1.68 0.70 55.83 3.74 15 45.976 -66.72771 57.8 0.11 0.13 3.95 20.7 Riffle

SJR-CON 29-Sep-14 2014 85.22 52.75 3.12 3.33 0.95 1.74 0.14 0.58 3.16 23 47.18426 -68.88361 47 0.31 0.45 7.95 15.37 Riffle

SJR-CON 17-Sep-15 2015 NA NA NA NA NA NA NA NA NA NA 47.18414 -68.88377 46.7 0.62 0.76 6.65 20.8 Riffle

SJR-CON 6-Oct-16 2016 81.63 55.12 3.08 3.70 0.93 1.82 0.15 NA 3.14 21 47.18407 -68.88294 83.3 0.11 0.3 7.1 15 Riffle

SJR-CON 4-Oct-17 2017 NA NA NA NA NA NA NA NA NA NA 47.18407 -68.88432 34 0.24 0.31 6.95 13.3 Riffle

SJR-GRA 23-Sep-14 2014 96.47 68.59 3.13 2.75 0.29 1.03 0.15 63.69 4.23 13 45.96878 -66.66866 45.3 0.07 0.1 1.6 17.48 Riffle

SJR-GRA 23-Oct-15 2015 100.00 99.37 1.10 4.00 1.00 0.04 0.34 98.43 3.60 3 45.96895 -66.66904 37.2 0.03 0.06 2.8 11.2 Riffle

SJR-GRA 27-Sep-16 2016 98.26 89.90 3.11 3.25 0.23 0.48 0.05 89.34 4.81 23 45.96889 -66.67034 33 0.07 0.09 1.4 17 Riffle

SJR-GRA 2-Oct-17 2017 97.49 59.56 1.70 6.23 0.07 1.12 0.56 58.95 3.36 11 45.9686 -66.66965 0.12 0.13 2 17.2 Riffle

SJR-GRB 25-Sep-14 2014 96.09 53.09 2.85 8.18 0.05 1.34 0.23 24.26 4.40 12 45.96179 -66.85193 31.5 0.1 0.13 3.85 18.32 Riffle

SJR-GRB 10-Nov-15 2015 45.12 41.46 0.00 9.87 1.00 0.86 0.42 41.46 1.91 5 45.96157 -66.85311 38.2 0.02 0.04 5.2 9.2 Riffle

SJR-GRB 28-Sep-16 2016 95.40 52.76 1.78 6.16 0.08 1.40 0.26 73.05 3.82 11 45.96201 -66.85086 40 0.16 0.19 3.95 17.8 Riffle

SJR-GRB 29-Sep-17 2017 79.89 34.43 3.11 5.36 0.60 2.09 0.82 34.60 3.79 19 45.96148 -66.85323 0.17 0.2 4 20 Riffle

SJR-GRP 26-Sep-14 2014 92.96 71.48 3.24 3.84 0.25 1.14 0.17 2.11 3.85 11 45.97628 -66.77485 17.8 0.42 0.81 2.7 18.62 Riffle

SJR-GRP 15-Oct-15 2015 82.86 34.29 1.11 4.15 0.93 1.91 0.44 45.71 1.54 11 45.97682 -66.77464 51.7 1.11 1.18 3 15.1 Riffle

SJR-GRP 22-Sep-16 2016 90.15 56.63 2.92 7.92 0.12 1.50 0.16 11.74 4.02 17 45.97648 -66.77474 34.7 0.21 0.28 2.9 20.2 Riffle

SJR-GRP 28-Sep-17 2017 79.66 38.30 3.39 3.85 0.78 2.04 0.80 11.15 3.63 17 45.97655 -66.77479 15.5 0.47 0.62 20.2 Riffle

SJR-HAR 24-Sep-14 2014 89.71 48.97 2.50 6.49 0.26 1.60 0.17 27.33 3.38 18 45.9682 -66.75268 32.7 0.15 0.22 19 Edge

SJR-HAR 14-Oct-15 2015 85.23 52.62 2.80 4.75 0.83 1.77 0.16 55.05 3.31 20 45.96818 -66.75278 65.8 0.05 0.09 5.55 15.4 Edge

SJR-HAR 22-Sep-16 2016 91.65 72.02 3.25 4.29 0.71 1.22 0.09 75.93 4.11 21 45.96821 -66.75305 46 0.04 0.06 3.1 19.5 Edge

SJR-HAR 17-Sep-17 2017 87.06 61.44 3.05 4.62 0.62 1.53 0.60 64.11 3.76 19 45.96824 -66.75321 53.8 0.28 0.34 4 20 Edge

SJR-ISL 24-Sep-14 2014 95.71 72.86 2.28 3.92 0.33 0.97 0.16 47.27 3.56 11 45.97453 -66.75076 28.5 0.11 0.22 2.15 18.96 Edge-riffle

SJR-ISL 14-Oct-15 2015 99.08 88.04 2.09 4.55 0.78 0.54 0.18 85.42 3.16 7 45.97462 -66.75074 58.7 0 0 1.5 15 Edge-riffle

SJR-ISL 22-Sep-16 2016 88.73 27.37 2.64 7.77 0.17 1.90 0.36 45.71 4.05 15 45.975 -66.75072 41.8 0.05 0.1 2.25 20.4 Edge-riffle

SJR-ISL 27-Sep-17 2017 96.93 80.98 0.00 9.25 NA 0.78 0.33 81.71 3.82 12 45.97244 -66.74198 42 0.02 0.03 1.1 20.3 Edge-riffle

SJR-KBW 26-Sep-14 2014 79.77 35.19 2.78 5.58 0.33 2.15 0.22 29.61 3.55 24 45.98293 -66.81434 22.7 -0.01 0.01 2.1 16.2 Edge-pool

SJR-KBW 15-Oct-15 2015 93.67 81.01 1.61 5.78 1.00 0.91 0.09 88.61 3.27 16 45.98224 -66.81479 81.7 0.31 0.35 2.3 15.1 Edge-pool

SJR-KBW 26-Sep-16 2016 80.35 34.97 3.17 5.27 0.45 2.06 0.21 40.38 3.87 23 45.98263 -66.81451 50 0.29 0.69 2.4 18 Edge-pool

SJR-KBW 28-Sep-17 2017 80.07 36.08 2.04 8.78 0.24 2.07 0.80 13.53 2.99 21 45.98203 -66.81487 35.8 0.04 0.05 2.6 18.3 Edge-pool

SJR-KWF 26-Sep-14 2014 77.51 32.87 3.02 6.75 0.67 2.15 0.23 47.09 3.63 23 45.99136 -66.80995 39.2 -0.01 0 3.4 15.75 Edge

SJR-KWF 23-Oct-15 2015 93.97 73.12 1.89 5.67 0.92 1.11 0.10 77.76 2.90 19 45.99173 -66.80976 47 0.02 0.07 4.5 7.2 Edge

SJR-KWF 26-Sep-16 2016 93.41 64.14 2.93 6.97 0.38 1.34 0.09 69.35 4.35 25 45.99158 -66.80894 65 0.26 0.71 2.6 13.5 Edge

SJR-KWF 28-Sep-17 2017 84.03 46.22 2.38 7.69 0.77 1.87 0.74 60.66 3.09 16 45.99184 -66.80982 42.8 0.03 0.05 4.85 21.3 Edge

SJR-MKF 25-Sep-14 2014 81.25 31.91 2.91 5.63 0.62 2.09 0.26 23.49 3.82 21 45.96475 -66.82263 27.3 0.03 0.04 3.1 18.11 Edge-riffle

SJR-MKF 14-Oct-15 2015 85.67 36.45 2.60 6.53 0.97 1.85 0.32 79.19 2.98 14 45.96482 -66.82259 37.2 0.02 0.05 3.2 16.8 Edge-riffle

SJR-MKF 28-Sep-16 2016 83.40 25.11 2.00 7.29 0.19 2.06 0.36 47.16 4.01 17 45.96528 -66.82198 47.7 0.02 0.04 3.25 18.5 Edge-riffle

SJR-MKF 29-Sep-17 2017 89.33 35.33 2.64 8.18 0.20 1.74 0.76 10.68 3.71 14 45.96469 -66.82274 35.2 -0.01 0 3.15 18.6 Edge-riffle

SJR-MOR 23-Sep-14 2014 93.33 66.67 2.52 8.93 0.40 1.30 0.13 59.26 4.03 16 45.54556 -66.63126 61.5 -0.04 -0.02 17.75 Edge

SJR-MOR 13-Oct-15 2015 98.03 68.20 0.00 9.92 NA 1.05 0.20 68.18 3.31 10 45.94 -66.63152 54.5 0.03 0.03 15.3 Edge

SJR-MOR 21-Sep-16 2016 87.62 31.01 1.60 8.21 0.10 1.87 0.32 32.48 4.24 16 45.94585 -66.63146 58 0.01 0.02 0.1 21.8 Edge

SJR-MOR 3-Oct-17 2017 90.22 68.45 1.82 8.23 0.24 1.32 0.52 70.03 3.74 18 45.94644 -66.63151 58 -0.02 -0.01 0.05 16.6 Edge

SJR-NAS 30-Sep-14 2014 70.35 27.44 2.99 2.68 0.69 2.43 0.31 0.95 3.20 24 46.2962 -66.7809 19.7 0.36 0.46 3.95 10.84 Riffle

SJR-NAS 21-Sep-15 2015 NA NA NA NA NA NA NA NA NA NA 46.29595 -66.78082 13.2 8.16 8.58 5.55 15.5 Riffle

SJR-NAS 29-Sep-16 2016 75.80 29.94 3.37 3.07 0.88 2.24 0.26 21.66 3.46 23 46.2958 -66.78049 25.8 0.37 0.49 5.35 10.9 Riffle

SJR-NAS 3-Oct-17 2017 NA NA NA NA NA NA NA NA NA NA 45.29596 -66.78083 18.5 0.35 0.45 6.3 9.8 Riffle

SJR-NSC 2-Oct-17 2017 91.43 57.78 1.60 9.56 0.13 1.50 0.63 56.92 3.51 14 45.96609 -66.63051 34.2 0.02 0.07 15.71 Edge

SJR-NSC 23-Sep-14 2014 87.71 39.25 2.04 6.85 0.21 1.81 0.21 27.60 3.49 19 45.96609 -66.63051 50.2 0.01 0.02 0.1 15.4 Edge

SJR-NSC 13-Oct-15 2015 98.01 73.18 0.00 10.00 NA 0.86 0.17 71.52 2.93 10 45.96721 -66.3181 38.2 0 0 0.1 19.7 Edge

SJR-NSC 20-Sep-16 2016 91.00 32.48 1.46 9.51 0.13 1.77 0.31 32.15 3.65 14 45.96705 -66.63171 25.8 -0.01 0 0.05 17.2 Edge

SJR-NWS 24-Sep-14 2014 90.34 59.31 2.37 6.09 0.34 1.48 0.15 56.72 3.71 17 45.97223 -66.66133 21.9 0.02 0.04 16.4 Edge

SJR-NWS 13-Oct-15 2015 91.02 50.61 1.59 9.06 0.24 1.60 0.23 47.33 3.00 14 45.9723 -66.65989 42.8 0 0 0.1 15.6 Edge

SJR-NWS 20-Sep-16 2016 88.19 44.73 2.62 8.26 0.54 1.74 0.13 31.74 4.15 27 45.97232 -66.66033 58.5 0 0 0.1 19.8 Edge

SJR-NWS 2-Oct-17 2017 92.42 32.76 2.08 8.21 0.05 1.77 0.77 37.78 4.15 20 45.97222 -66.66142 0 0.01 0.05 17.4 Edge

SJR-RIF 25-Sep-14 2014 86.18 36.86 4.01 3.79 0.86 1.84 0.30 1.63 4.09 15 45.97108 -66.77806 30 0.54 0.73 3.45 19.22 Riffle

SJR-RIF 14-Oct-15 2015 77.62 25.87 3.39 2.78 0.87 2.19 0.40 8.70 3.50 17 45.97108 -66.77806 29.7 0.59 0.76 4.35 15.8 Riffle

SJR-RIF 26-Sep-16 2016 90.61 32.67 3.91 3.96 0.75 1.80 0.24 0.72 4.04 19 45.97096 -66.77795 45 0.15 0.15 1.9 19.5 Riffle

SJR-RIF 27-Sep-17 2017 93.62 36.17 3.25 3.26 0.67 1.64 0.74 3.02 3.44 16 45.97102 -66.77823 40.3 0.76 0.79 2.4 19.7 Riffle

SJR-TRB 23-Sep-14 2014 77.63 35.20 2.53 8.42 0.14 2.16 0.27 12.50 3.80 20 45.95621 -66.62519 63.7 0 0.06 16.65 Edge

SJR-TRB 20-Sep-16 2015 89.37 37.35 2.85 9.69 0.16 1.75 0.14 34.42 4.80 28 45.9563 -66.62505 55.7 0 0.01 0.1 15.5 Edge

SJR-TRB 3-Oct-17 2016 87.82 39.42 1.93 7.00 0.08 1.73 0.74 29.75 3.39 15 45.9568 -66.62497 45.7 0 0 0.05 21 Edge

SJR-TRB 13-Oct-15 2017 98.31 42.57 0.00 9.94 NA 1.20 0.28 13.53 3.44 10 45.95973 -66.62588 38.8 -0.02 0 0.05 11.4 Edge



 
 

Appendix 3 – Summary of dragonfly exuvia collection data. No. = Number, WD = distance from shore 

(m), and WH = height of collection (m). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Year SiteID Habitat No.Species Tot.abun Mean_WD Mean_WH Max_WD Min_WD Max_WH Min_WH No.Fem No.Male Number of Surveys

2014 GV26 River 2 7 5.95 2.43 8.4 0.41 3.55 1.21 4 2 2

2015 GV26 River 4 36 2.77 1.10 6.67 0 2.52 0 23 13 2

2016 GV26 River 8 26 3.31 1.46 9.46 0 3.34 0.47 16 10 4

2014 GV27 River 9 221 0.55 0.94 4.46 -2.83 2.94 0 122 99 3

2015 GV27 River 5 52 0.08 1.28 1.94 -4.29 2.76 0 26 26 1

2016 GV27 River 5 31 0.94 0.83 3.11 -1.28 3.2 0 13 18 2

2014 GV29 Wetland 5 45 1.72 1.40 16.3 0 4.57 0 22 23 3

2015 GV29 Wetland 5 7 -3.91 1.09 3.19 -19.07 2.22 0.12 2 5 2

2016 GV29 Wetland 9 18 2.81 1.50 12.75 -9.6 4.29 0.2 11 7 5

2014 GV31A Wetland 5 28 0.44 1.42 1.95 0 3.27 0.147 13 15 4

2015 GV31A Wetland 6 26 0.74 1.10 5.15 -1.71 3.81 0 15 11 3

2016 GV31A Wetland 6 86 1.04 1.77 16 -1.55 3.45 0 51 35 3

2014 GV31B Wetland 3 25 0.89 2.01 4.71 -1.12 3.78 0.53 10 15 5

2015 GV31B Wetland 3 16 1.57 1.59 4.67 -1.05 3.16 0.103 8 8 2

2016 GV31B Wetland 4 32 1.78 2.19 6.43 0 3.61 0.36 21 11 4

2014 GV32 River 4 10 10.04 1.42 15.05 6.47 2.75 0.24 4 5 4

2015 GV32 River 2 2 1.73 0.60 3.46 0 0.88 0.32 0 2 1

2016 GV32 River 4 33 4.06 0.20 9.25 0.7 2.44 0 22 11 2

2014 GV33 River 6 186 2.62 0.89 9.2 0 3.8 0 107 76 3

2015 GV33 River 7 107 0.60 1.10 5.55 -0.78 3.85 0.03 65 42 2

2016 GV33 River 5 28 5.30 1.29 18.18 1.06 3.21 0.08 12 16 4

2014 GV34 River 8 139 1.98 0.70 17.2 0 3.8 0 73 66 4

2015 GV34 River 8 442 2.60 0.96 11.9 -0.29 3.72 0 254 186 5

2016 GV34 River 7 817 2.57 0.80 7.8 0 4 0 422 396 5

2014 GV46 Wetland 4 9 0.77 0.89 2.41 -2.16 1.77 0.15 5 4 3

2015 GV46 Wetland 3 5 0.00 1.82 0 0 3.17 0.77 1 4 1

2016 GV46 Wetland 7 272 2.63 0.91 11 -3.71 4 0 143 129 4

2014 GV48 River 15 210 2.29 1.76 11.18 0 4.23 0 90 113 5

2015 GV48 River 17 130 1.47 1.38 9.56 -0.44 3.85 0.08 79 54 4

2016 GV48 River 9 209 4.38 1.07 10.51 -5.09 4.42 0 118 95 4

2014 GV51 River 8 26 4.86 1.17 13.15 1.16 2.43 0.05 12 14 2

2015 GV51 River 7 113 1.62 1.55 7.23 -3.11 4.22 0.36 60 53 2

2016 GV51 River 6 138 2.39 0.80 4.67 -3.88 4 0 73 64 2

2016 GV52 Tributary 8 12 -0.64 1.71 4.53 -3.06 2.77 0.62 6 6 4

2016 GV53 Tributary 11 67 1.80 0.84 12.3 -0.78 2.5 0.09 35 32 4

2016 GV54 Wetland 13 44 0.83 1.22 15 -1.04 3.25 0.17 23 23 4
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Appendix 4 - Standardized* catch-per-unit-effort (CPUE) for samples collected in the fish community 

sampling program of MAES 2015-2017. RSE = relative standard error, N = number of samples 

 

Year Acronym Species Gear CPUE Standard Deviation Standard Error RSE N

2015 ALE Alewife eBoat 0.045 0.187 0.034 0.759 30

2017 ALE Alewife Seine 0.068 0.334 0.050 0.738 44

2015 ATS Atlantic Salmon eBoat 0.023 0.097 0.018 0.760 30

2016 ATS Atlantic Salmon eBoat 0.051 0.134 0.029 0.571 21

2017 ATS Atlantic Salmon eBoat 0.017 0.088 0.010 0.567 80

2017 ATS Atlantic Salmon Fyke 0.002 0.010 0.002 1.000 24

2015 BBH Brown Bullhead eBoat 0.263 0.408 0.075 0.283 30

2016 BBH Brown Bullhead eBoat 0.010 0.044 0.010 1.000 21

2017 BBH Brown Bullhead eBoat 0.153 0.332 0.037 0.243 80

2015 BBH Brown Bullhead Fyke 0.164 0.214 0.087 0.534 6

2016 BBH Brown Bullhead Fyke 0.398 0.575 0.192 0.481 9

2017 BBH Brown Bullhead Fyke 0.154 0.254 0.052 0.336 24

2015 BBH Brown Bullhead Seine 0.118 0.485 0.118 1.000 17

2016 BBH Brown Bullhead Seine 0.100 0.316 0.100 1.000 10

2017 BBH Brown Bullhead Seine 0.045 0.302 0.045 1.000 44

2015 BKF Banded Killifish eBoat 0.032 0.112 0.020 0.641 30

2016 BKF Banded Killifish eBoat 0.320 0.522 0.114 0.356 21

2017 BKF Banded Killifish eBoat 0.044 0.141 0.016 0.360 80

2015 BKF Banded Killifish Fyke 0.010 0.024 0.010 1.000 6

2016 BKF Banded Killifish Fyke 0.314 0.921 0.307 0.979 9

2017 BKF Banded Killifish Fyke 0.002 0.009 0.002 1.000 24

2015 BKF Banded Killifish Seine 51.882 127.532 30.931 0.596 17

2016 BKF Banded Killifish Seine 13.200 25.767 8.148 0.617 10

2017 BKF Banded Killifish Seine 4.636 9.793 1.476 0.318 44

2016 BKT Brook Trout eBoat 0.011 0.049 0.011 1.000 21

2017 BND Blacknose Dace Seine 0.114 0.387 0.058 0.513 44

2015 BUR Burbot eBoat 0.048 0.127 0.023 0.485 30

2016 BUR Burbot eBoat 0.010 0.044 0.010 1.000 21

2017 BUR Burbot eBoat 0.005 0.029 0.003 0.703 80

2016 BUR Burbot Fyke 0.007 0.020 0.007 1.000 9

2015 CHP Chain Pickerel eBoat 0.078 0.187 0.034 0.438 30

2016 CHP Chain Pickerel eBoat 0.027 0.068 0.015 0.548 21

2017 CHP Chain Pickerel eBoat 0.007 0.049 0.005 0.747 80

2016 CHP Chain Pickerel Fyke 0.012 0.024 0.008 0.662 9

2017 CHP Chain Pickerel Fyke 0.004 0.015 0.003 0.692 24

2015 CHP Chain Pickerel Seine 0.235 0.752 0.182 0.776 17

2016 CHP Chain Pickerel Seine 0.100 0.316 0.100 1.000 10

2017 CHP Chain Pickerel Seine 0.045 0.211 0.032 0.699 44

2015 CRC Creek Chub eBoat 0.026 0.068 0.012 0.474 30

2015 CSH Common Shiner eBoat 0.390 1.066 0.195 0.499 30

2016 CSH Common Shiner eBoat 0.148 0.567 0.124 0.835 21

2017 CSH Common Shiner eBoat 0.200 0.579 0.065 0.324 80

2015 CSH Common Shiner Fyke 0.930 1.458 0.595 0.640 6

2016 CSH Common Shiner Fyke 0.069 0.136 0.045 0.659 9

2017 CSH Common Shiner Fyke 0.030 0.111 0.023 0.764 24

2015 CSH Common Shiner Seine 2.000 4.402 1.068 0.534 17

2016 CSH Common Shiner Seine 0.400 0.699 0.221 0.553 10

2017 CSH Common Shiner Seine 1.977 8.966 1.352 0.684 44

2015 EEL American Eel eBoat 0.537 0.829 0.151 0.282 30

2016 EEL American Eel eBoat 0.147 0.239 0.052 0.354 21

2017 EEL American Eel eBoat 0.696 1.281 0.143 0.206 80

2015 EEL American Eel Fyke 0.394 0.240 0.098 0.249 6

2016 EEL American Eel Fyke 0.222 0.335 0.112 0.502 9

2017 EEL American Eel Fyke 0.102 0.278 0.057 0.558 24

2016 EEL American Eel Seine 0.100 0.316 0.100 1.000 10

2017 EEL American Eel Seine 0.114 0.443 0.067 0.587 44

2015 FLF Fallfish eBoat 0.112 0.278 0.051 0.452 30

2016 FLF Fallfish eBoat 0.350 0.772 0.169 0.482 21

2017 FLF Fallfish eBoat 0.151 0.305 0.034 0.226 80

2015 FLF Fallfish Fyke 0.009 0.021 0.009 1.000 6

2017 FLF Fallfish Fyke 0.013 0.062 0.013 1.000 24

2015 FLF Fallfish Seine 0.118 0.485 0.118 1.000 17

2016 FLF Fallfish Seine 0.100 0.316 0.100 1.000 10

2017 FLF Fallfish Seine 0.159 0.645 0.097 0.611 44

2017 GASP Gaspereau eBoat 0.112 0.353 0.039 0.353 80

2017 GASP Gaspereau Fyke 0.067 0.150 0.031 0.456 24
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Year Acronym Species Gear CPUE Standard Deviation Standard Error RSE N

2015 GSH Golden Shiner eBoat 0.097 0.190 0.035 0.356 30

2016 GSH Golden Shiner eBoat 0.024 0.076 0.017 0.703 21

2017 GSH Golden Shiner eBoat 0.029 0.106 0.012 0.403 80

2015 GSH Golden Shiner Fyke 0.035 0.042 0.017 0.486 6

2016 GSH Golden Shiner Fyke 0.013 0.038 0.013 1.000 9

2017 GSH Golden Shiner Fyke 0.041 0.136 0.028 0.682 24

2015 GSH Golden Shiner Seine 1.529 6.053 1.468 0.960 17

2016 GSH Golden Shiner Seine 0.100 0.316 0.100 1.000 10

2017 GSH Golden Shiner Seine 0.045 0.211 0.032 0.699 44

2015 LKC Lake Chub eBoat 0.082 0.194 0.035 0.433 30

2016 LKC Lake Chub eBoat 0.010 0.048 0.010 1.000 21

2017 LKC Lake Chub eBoat 0.044 0.152 0.017 0.386 80

2015 LKC Lake Chub Fyke 0.025 0.042 0.017 0.679 6

2015 LKC Lake Chub Seine 0.353 1.057 0.256 0.726 17

2017 LKC Lake Chub Seine 0.068 0.452 0.068 1.000 44

2015 LNS Longnose Sucker eBoat 0.006 0.036 0.006 1.000 30

2017 LNS Longnose Sucker eBoat 0.010 0.063 0.007 0.736 80

2015 MUS Muskellunge eBoat 0.007 0.039 0.007 1.000 30

2016 MUS Muskellunge eBoat 0.105 0.278 0.061 0.577 21

2017 MUS Muskellunge eBoat 0.023 0.083 0.009 0.408 80

2017 MUS Muskellunge Fyke 0.002 0.009 0.002 1.000 24

2015 PSF Pumpkinseed eBoat 0.025 0.082 0.015 0.595 30

2016 PSF Pumpkinseed eBoat 0.009 0.041 0.009 1.000 21

2017 PSF Pumpkinseed eBoat 0.050 0.163 0.018 0.366 80

2015 PSF Pumpkinseed Fyke 0.040 0.097 0.040 1.000 6

2016 PSF Pumpkinseed Fyke 0.017 0.026 0.009 0.504 9

2017 PSF Pumpkinseed Fyke 0.053 0.147 0.030 0.569 24

2016 PSF Pumpkinseed Seine 0.300 0.675 0.213 0.711 10

2017 PSF Pumpkinseed Seine 0.545 3.023 0.456 0.835 44

2016 RBT Rainbow Trout eBoat 0.010 0.044 0.010 1.000 21

2017 RSM Rainbow Smelt Seine 0.114 0.754 0.114 1.000 44

2017 SLP Sea Lamprey eBoat 0.005 0.031 0.003 0.703 80

2017 SLP Sea Lamprey Fyke 0.002 0.010 0.002 1.000 24

2015 SMB Smallmouth Bass eBoat 0.068 0.124 0.023 0.331 30

2016 SMB Smallmouth Bass eBoat 0.085 0.171 0.037 0.437 21

2017 SMB Smallmouth Bass eBoat 0.279 0.557 0.062 0.224 80

2015 SMB Smallmouth Bass Fyke 0.225 0.170 0.069 0.308 6

2016 SMB Smallmouth Bass Fyke 0.210 0.143 0.048 0.228 9

2017 SMB Smallmouth Bass Fyke 0.304 0.261 0.053 0.175 24

2015 SMB Smallmouth Bass Seine 0.471 1.940 0.471 1.000 17

2016 SMB Smallmouth Bass Seine 2.300 2.058 0.651 0.283 10

2017 SMB Smallmouth Bass Seine 0.227 0.565 0.085 0.375 44

2015 SST Shortnose Sturgeon eBoat 0.013 0.073 0.013 1.000 30

2017 SST Shortnose Sturgeon eBoat 0.017 0.094 0.011 0.614 80

2015 STB Striped Bass eBoat 0.020 0.080 0.015 0.737 30

2017 STB Striped Bass eBoat 0.010 0.044 0.005 0.491 80

2015 STB Striped Bass Fyke 0.010 0.024 0.010 1.000 6

2016 STB Striped Bass Fyke 0.006 0.018 0.006 1.000 9
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*Standardization method: Catch / hour for fyke net, and Catch / 100 shocking seconds for boat electrofishing. 

 

 

 

 

 

 

 
 

 

Year Acronym Species Gear CPUE Standard Deviation Standard Error RSE N

2016 WHP White Perch eBoat 0.011 0.049 0.011 1.000 21

2017 WHP White Perch eBoat 0.067 0.171 0.019 0.287 80

2016 WHP White Perch Fyke 0.031 0.076 0.025 0.814 9

2017 WHP White Perch Fyke 0.105 0.210 0.043 0.409 24

2017 WHP White Perch Seine 0.523 2.129 0.321 0.614 44

2015 WHS White Sucker eBoat 0.428 0.877 0.160 0.374 30

2016 WHS White Sucker eBoat 0.707 0.756 0.165 0.233 21

2017 WHS White Sucker eBoat 0.905 1.709 0.191 0.211 80

2015 WHS White Sucker Fyke 0.778 1.666 0.680 0.874 6

2016 WHS White Sucker Fyke 0.006 0.017 0.006 1.000 9

2017 WHS White Sucker Fyke 0.058 0.146 0.030 0.511 24

2015 WHS White Sucker Seine 7.412 18.194 4.413 0.595 17

2016 WHS White Sucker Seine 4.800 8.025 2.538 0.529 10

2017 WHS White Sucker Seine 0.091 0.362 0.055 0.600 44

2017 X3SB Threespine Stickleback Fyke 0.006 0.027 0.006 1.000 24

2017 X3SB Threespine Stickleback Seine 0.295 0.795 0.120 0.406 44

2015 X4SB Fourspine Stickleback eBoat 0.013 0.050 0.009 0.695 30

2016 X4SB Fourspine Stickleback eBoat 0.009 0.041 0.009 1.000 21

2017 X4SB Fourspine Stickleback eBoat 0.024 0.075 0.008 0.352 80

2016 X4SB Fourspine Stickleback Fyke 0.046 0.119 0.040 0.865 9

2017 X4SB Fourspine Stickleback Fyke 0.002 0.009 0.002 1.000 24

2015 X4SB Fourspine Stickleback Seine 10.176 14.492 3.515 0.345 17

2016 X4SB Fourspine Stickleback Seine 2.400 5.522 1.746 0.728 10

2017 X4SB Fourspine Stickleback Seine 4.795 12.411 1.871 0.390 44

2015 YLP Yellow Perch eBoat 1.541 2.050 0.374 0.243 30

2016 YLP Yellow Perch eBoat 0.484 0.799 0.174 0.360 21

2017 YLP Yellow Perch eBoat 1.024 1.784 0.199 0.195 80

2015 YLP Yellow Perch Fyke 0.412 0.400 0.163 0.396 6

2016 YLP Yellow Perch Fyke 0.427 0.603 0.201 0.471 9

2017 YLP Yellow Perch Fyke 0.528 0.623 0.127 0.241 24

2015 YLP Yellow Perch Seine 1.647 4.898 1.188 0.721 17

2016 YLP Yellow Perch Seine 2.400 3.273 1.035 0.431 10

2017 YLP Yellow Perch Seine 0.636 1.222 0.184 0.289 44



MAES Report Series 2019-066 

93  
 

Appendix 5 – Mean annual fish weight (g), total length (mm), relative weight (Wr), Fulton’s K, number of 

fish length (No.Length) and weighted (No.Weight). SD = standard deviation. 

 
 

Year Species Weight (g) SD Weight Total Length (mm) SD Length Wr SD Wr K SD K No.Length No.Weight

2015 Alewife 4.9 7.0 72.6 31.4 NA NA 0.85 0.06 7 7

2015 American Eel 78.8 124.4 288.5 77.3 NA NA 0.17 0.02 84 83

2016 American Eel 103.3 117.8 332.4 137.5 NA NA 0.18 0.03 51 48

2017 American Eel 60.0 81.2 289.1 100.9 NA NA 0.18 0.06 222 197

2015 American Shad 13.3 11.0 126.0 33.1 NA NA 0.82 0.09 25 15

2015 Atlantic Salmon 130.2 126.2 222.0 72.0 NA NA 0.97 0.02 3 3

2016 Atlantic Salmon 82.0 32.7 226.8 47.5 NA NA 0.89 0.04 4 3

2017 Atlantic Salmon 109.2 50.6 215.4 40.3 NA NA 0.90 0.10 5 4

2015 Banded Killifish 3.1 1.2 67.5 7.5 NA NA 0.97 0.11 175 177

2016 Banded Killifish 3.0 1.4 66.6 11.3 NA NA 0.94 0.16 216 206

2017 Banded Killifish 2.8 1.8 67.9 13.1 NA NA 0.96 0.22 96 64

2015 Blacknose Dace 0.3 0.1 34.3 1.5 NA NA 0.82 0.05 3 3

2016 Blacknose Dace 1.3 0.7 50.3 6.1 NA NA 0.96 0.14 4 4

2017 Blacknose Dace 0.8 1.4 34.6 20.0 NA NA 0.98 0.60 5 5

2016 Brook Trout 29.0 NA 156.0 NA 69.68 NA 0.76 NA 1 1

2015 Brown Bullhead 219.7 93.5 230.8 43.2 99.29 12.61 1.46 0.22 51 47

2016 Brown Bullhead 200.3 92.9 235.6 34.1 96.20 8.74 1.43 0.13 78 78

2017 Brown Bullhead 202.1 88.5 240.7 37.5 98.12 13.24 1.46 0.20 136 93

2015 Burbot 25.2 19.7 139.7 59.6 NA NA 0.87 0.55 7 7

2016 Burbot 64.8 17.3 216.0 NA 66.51 NA 0.52 NA 1 2

2017 Burbot 36.0 26.9 181.5 54.4 66.07 NA 0.55 0.05 2 2

2015 Chain Pickerel 262.9 345.1 275.8 164.5 93.47 16.78 0.53 0.12 16 16

2016 Chain Pickerel 284.3 557.0 265.2 185.6 92.21 8.04 0.52 0.07 5 5

2017 Chain Pickerel 217.9 219.9 380.1 157.9 81.92 22.07 0.49 0.15 7 5

2015 Common Shiner 5.7 3.5 81.7 14.1 NA NA 0.93 0.15 179 178

2016 Common Shiner 5.9 3.8 87.6 13.4 NA NA 0.79 0.15 36 36

2017 Common Shiner 4.6 3.9 73.4 16.6 NA NA 0.91 0.21 132 87

2015 Creek Chub 3.0 1.9 57.0 14.0 NA NA 0.98 0.19 5 3

2015 Fallfish 19.6 36.3 101.6 51.3 NA NA 0.93 0.15 18 18

2016 Fallfish 46.6 43.1 117.5 70.2 NA NA 0.81 0.16 39 26

2017 Fallfish 75.6 68.5 167.3 62.2 NA NA 1.00 0.23 63 54

2015 Fourspine Stickleback 0.4 0.2 32.4 5.9 NA NA 0.87 0.22 88 58

2016 Fourspine Stickleback 0.9 0.8 40.5 7.2 NA NA 0.90 0.24 30 31

2017 Fourspine Stickleback 0.7 0.5 41.6 10.5 NA NA 0.88 0.35 142 19

2017 Gaspereau 16.6 6.7 119.0 21.4 NA NA 0.88 0.31 52 31

2015 Golden Shiner 18.3 8.6 119.4 18.6 92.36 8.60 1.00 0.09 34 34

2016 Golden Shiner 13.2 2.0 112.3 7.0 87.74 6.76 0.93 0.06 4 4

2017 Golden Shiner 18.1 11.3 107.3 28.7 92.49 12.81 0.99 0.11 35 12

2015 Lake Chub 4.7 3.7 71.7 26.4 NA NA 0.88 0.18 21 20

2016 Lake Chub 1.9 0.2 63.3 6.5 NA NA 0.75 0.16 4 4

2017 Lake Chub 7.5 7.0 83.6 30.6 NA NA 0.82 0.20 17 15

2015 Longnose Sucker 76.3 NA 201.0 NA NA NA 0.94 NA 1 1

2017 Longnose Sucker 649.7 25.4 387.3 3.2 NA NA 1.12 0.02 3 3

2015 Muskellunge NA NA 948.0 NA NA NA NA NA 1 0

2016 Muskellunge 25.7 11.7 188.7 25.3 NA NA 0.36 0.03 11 11

2017 Muskellunge 4218.7 4461.0 577.2 343.0 100.43 11.28 0.69 0.17 9 6

2015 Pumpkinseed 48.4 25.8 132.1 29.6 89.66 12.63 1.87 0.24 8 8

2016 Pumpkinseed 32.2 34.0 106.6 37.2 96.99 12.74 1.92 0.26 7 7

2017 Pumpkinseed 37.1 27.6 113.6 25.7 102.34 16.22 2.08 0.32 72 62

2017 Rainbow Smelt NA NA 72.8 6.5 NA NA NA NA 5 0

2016 Rainbow Trout 193.0 NA 256.0 NA 96.14 NA 1.15 NA 1 1

2017 Sea Lamprey 1.5 2.1 298.7 375.3 NA NA 0.27 0.38 3 2

2016 Shortnose Sturgeon 5920.0 NA NA NA NA NA NA NA 0 1

2017 Shortnose Sturgeon 4280.0 1538.2 890.9 111.5 NA NA 0.57 0.07 9 7

2015 Smallmouth Bass 286.6 374.8 220.7 115.2 88.78 11.13 1.28 0.11 40 36

2016 Smallmouth Bass 248.6 366.2 200.6 125.8 86.45 8.75 1.24 0.12 60 61

2017 Smallmouth Bass 256.6 337.2 232.3 104.7 89.67 13.27 1.27 0.16 281 174

2015 Striped Bass 183.2 60.1 258.3 26.0 83.56 3.06 1.03 0.04 3 3

2017 Striped Bass 1713.3 950.6 634.8 210.2 83.24 6.67 1.04 0.08 4 3

2017 Threespine Stickleback 0.2 0.1 34.6 18.1 NA NA 0.93 0.50 16 13

2016 White Perch 30.5 17.0 133.2 23.0 81.03 5.44 1.19 0.08 6 6

2017 White Perch 43.3 30.7 148.2 34.5 83.22 7.60 1.23 0.12 80 50

2015 White Sucker 298.5 482.6 207.3 169.6 86.87 9.58 1.05 0.11 112 105

2016 White Sucker 409.5 469.1 259.3 155.1 85.67 11.20 1.06 0.12 84 84

2017 White Sucker 587.4 492.8 317.0 143.5 88.92 9.14 1.10 0.12 290 227

2015 Yellow Perch 34.8 35.1 133.8 38.6 87.97 7.84 1.10 0.14 366 354

2016 Yellow Perch 44.4 40.8 147.3 39.7 87.37 10.52 1.13 0.21 152 151

2017 Yellow Perch 57.2 46.9 159.5 46.5 87.46 11.35 1.15 0.20 677 485



MAES Report Series 2019-066 

94  
 

Appendix 6 – Fish species catch distribution across sampling sites and years.  

 

The figures below represent the proportional catch of species at each sampling site during fish 

community surveys in 2015 (Figure i), 2016 (Figure ii), and 2017 (Figure iii). Colours represent 

individual species and species names are represented by acronyms which are defined in Appendix 4 

above.  Young of the year fish are represented by YOY preceding the species acronym. 

 

 
 

           Figure i: Proportional catch of species at each sampling site surveyed in 2015 during MAES fish  

            community monitoring surveys.  
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          Figure ii: Proportional catch of species at each sampling site surveyed in 2016 during MAES fish   

          community monitoring surveys.  
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             Figure iii: Proportional catch of species at each sampling site surveyed in 2017 during MAES fish     

             community monitoring surveys.  
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Appendix 7 – Raw stable isotope values for aquatic organisms collected from the SJR in 2017. 
Sample Site Sample Type Organism 𝛅13C 𝛅15N 

Islands BIOFILM REP1 -17.41 6.66 
Islands BIOFILM REP2 -19.93 5.93 
Islands BIOFILM REP2 -19.99 6.02 
Islands BIOFILM REP2 -19.87 5.96 
Islands BIOFILM REP3 -18.28 5.73 
Islands BIOFILM REP3 -18.58 5.75 
Islands FISH American Eel -26.33 12.03 
Islands FISH American Eel -28.19 11.91 
Islands FISH American Eel -29.04 12.54 
Islands FISH Brown Bullhead -26.51 13.05 
Islands FISH Burbot -28.52 12.14 
Islands FISH Common Shiner -28.37 12.56 
Islands FISH Common Shiner -27.07 12.15 
Islands FISH Common Shiner -27.10 10.85 
Islands FISH Common Shiner -26.77 12.02 
Islands FISH Common Shiner -26.86 11.41 
Islands FISH Fall Fish -25.94 13.29 
Islands FISH Fall Fish -26.89 12.60 
Islands FISH Fall Fish -25.43 12.76 
Islands FISH Fourspine Stickleback -24.27 11.70 
Islands FISH Gaspereau -26.22 11.03 
Islands FISH Gaspereau -31.86 11.18 
Islands FISH Gaspereau -27.74 10.18 
Islands FISH Golden Shiner -26.40 12.46 
Islands FISH Golden Shiner -25.62 11.53 
Islands FISH Lake Chub -29.62 13.30 
Islands FISH Lake Chub -26.22 11.59 
Islands FISH Lake Chub -28.27 13.74 
Islands FISH Lake Chub -27.90 13.41 
Islands FISH Shortnose Sturgeon -23.92 12.94 
Islands FISH Shortnose Sturgeon -24.43 13.30 
Islands FISH Shortnose Sturgeon -23.57 13.69 
Islands FISH Shortnose Sturgeon -25.12 12.80 
Islands FISH Shortnose Sturgeon -24.81 13.30 
Islands FISH Smallmouth Bass -27.67 13.78 
Islands FISH Smallmouth Bass -26.56 13.81 
Islands FISH Smallmouth Bass -26.54 13.94 
Islands FISH Smallmouth Bass -26.61 14.34 
Islands FISH Smallmouth Bass -26.33 12.88 
Islands FISH Smallmouth Bass -25.40 12.98 
Islands FISH Smallmouth Bass -26.16 13.43 
Islands FISH Smallmouth Bass -27.47 13.02 
Islands FISH Smallmouth Bass -27.55 13.01 
Islands FISH Smallmouth Bass -26.14 13.81 
Islands FISH Smallmouth Bass -26.13 14.67 
Islands FISH White Perch -29.23 10.71 
Islands FISH White Perch -30.26 8.28 
Islands FISH White Perch -30.32 10.91 
Islands FISH White Sucker -26.87 12.89 
Islands FISH White Sucker -26.88 12.85 
Islands FISH White Sucker -25.85 11.98 
Islands FISH White Sucker -30.73 8.94 
Islands FISH White Sucker -27.60 12.05 
Islands FISH White Sucker -27.57 12.05 
Islands FISH White Sucker -24.57 12.85 
Islands FISH White Sucker -27.93 13.37 
Islands FISH White Sucker -24.34 11.84 
Islands FISH White Sucker -23.93 10.45 
Islands FISH White Sucker -28.98 12.33 
Islands FISH White Sucker -26.97 12.16 
Islands FISH White Sucker -25.29 12.74 
Islands FISH White Sucker -25.56 11.56 
Islands FISH Yellow Perch -27.11 12.26 
Islands FISH Yellow Perch -27.94 13.08 
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Islands INVERTEBRATE Chironomidae -22.4 7.2 
Islands INVERTEBRATE Chironomidae -21.8 6.6 
Islands INVERTEBRATE Copepoda -23.5 7.8 
Islands INVERTEBRATE Ephemeroptera -22.8 7.0 
Islands INVERTEBRATE Gammarus -23.5 7.1 
Islands INVERTEBRATE Gammarus -23.2 6.9 
Islands INVERTEBRATE Gastropoda -20.0 7.1 
Islands INVERTEBRATE Gastropoda -20.8 6.5 
Islands INVERTEBRATE Gastropoda -20.9 7.1 
Islands INVERTEBRATE Gastropoda -20.9 6.1 
Islands INVERTEBRATE Hemiptera -27.9 7.8 
Islands INVERTEBRATE Hirudonae -24.4 10.5 
Islands INVERTEBRATE Hirudonae -23.3 8.8 
Islands INVERTEBRATE Oligochaeta -24.7 9.9 
Islands INVERTEBRATE Oligochaeta -23.1 10.6 
Islands INVERTEBRATE Tipulidae -22.9 9.8 
Islands INVERTEBRATE Trichoptera -22.5 6.3 
Islands LEAF LITER REP1 -27.09 6.41 
Islands LEAF LITER REP2 -21.75 6.55 
Islands LEAF LITER REP3 -28.32 -0.01 
Islands LEAF LITER REP3 -28.96 0.46 
Islands POM REP1 -30.53 4.18 
Islands POM REP1 -32.56 5.38 
Islands POM REP2 -32.60 5.44 
Islands POM REP3 -33.02 5.77 

Mact. Headpond BIOFILM REP1 -23.17 6.40 
Mact. Headpond BIOFILM REP2 -23.24 5.78 
Mact. Headpond BIOFILM REP2 -22.89 5.56 
Mact. Headpond BIOFILM REP3 -22.82 7.21 
Mact. Headpond BIOFILM REP3 -23.29 6.56 
Mact. Headpond FISH Blueback Herring -23.53 11.67 
Mact. Headpond FISH Blueback Herring -24.61 11.10 
Mact. Headpond FISH Blueback Herring -22.43 12.43 
Mact. Headpond FISH Brown Bullhead -29.35 13.27 
Mact. Headpond FISH Brown Bullhead -29.16 12.76 
Mact. Headpond FISH Brown Bullhead -29.20 12.98 
Mact. Headpond FISH Fall Fish -30.96 9.42 
Mact. Headpond FISH Gaspereau -21.29 11.23 
Mact. Headpond FISH Gaspereau -21.73 11.44 
Mact. Headpond FISH Gaspereau -21.92 11.33 
Mact. Headpond FISH Gaspereau -20.80 11.47 
Mact. Headpond FISH Golden Shiner -28.70 11.92 
Mact. Headpond FISH Golden Shiner -28.13 11.80 
Mact. Headpond FISH Pumpkinseed Sunfish -26.24 12.68 
Mact. Headpond FISH Pumpkinseed Sunfish -25.49 12.99 
Mact. Headpond FISH Pumpkinseed Sunfish -25.45 13.00 
Mact. Headpond FISH Pumpkinseed Sunfish -24.42 12.22 
Mact. Headpond FISH Smallmouth Bass -27.27 13.70 
Mact. Headpond FISH Smallmouth Bass -28.35 14.01 
Mact. Headpond FISH Smallmouth Bass -27.74 15.08 
Mact. Headpond FISH Smallmouth Bass -28.67 13.78 
Mact. Headpond FISH Smallmouth Bass -27.04 13.74 
Mact. Headpond FISH Smallmouth Bass -28.72 14.01 
Mact. Headpond FISH Smallmouth Bass -27.51 13.89 
Mact. Headpond FISH Smallmouth Bass -29.31 14.45 
Mact. Headpond FISH Smallmouth Bass -26.60 14.00 
Mact. Headpond FISH Smallmouth Bass -27.62 14.06 
Mact. Headpond FISH Smallmouth Bass -28.46 14.13 
Mact. Headpond FISH Smallmouth Bass -27.65 13.24 
Mact. Headpond FISH Smallmouth Bass -30.01 13.90 
Mact. Headpond FISH Smallmouth Bass -26.99 13.85 
Mact. Headpond FISH Smallmouth Bass -28.14 14.03 
Mact. Headpond FISH Smallmouth Bass -28.60 13.78 
Mact. Headpond FISH Smallmouth Bass -26.75 14.04 
Mact. Headpond FISH White Perch -29.43 13.38 
Mact. Headpond FISH White Perch -28.02 9.75 
Mact. Headpond FISH White Perch -31.05 13.07 
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Mact. Headpond FISH White Sucker -26.26 12.29 
Mact. Headpond FISH White Sucker -23.43 11.13 
Mact. Headpond FISH White Sucker -30.77 12.80 
Mact. Headpond FISH White Sucker -26.66 12.44 
Mact. Headpond FISH White Sucker -28.20 12.40 
Mact. Headpond FISH White Sucker -28.05 12.84 
Mact. Headpond FISH White Sucker -25.15 12.03 
Mact. Headpond FISH White Sucker -29.48 12.16 
Mact. Headpond FISH White Sucker -27.03 12.40 
Mact. Headpond FISH White Sucker -26.99 12.53 
Mact. Headpond FISH White Sucker -31.67 12.15 
Mact. Headpond FISH Yellow Perch -28.89 14.06 
Mact. Headpond FISH Yellow Perch -22.94 11.84 
Mact. Headpond FISH Yellow Perch -26.73 13.20 
Mact. Headpond FISH Yellow Perch -28.50 14.30 
Mact. Headpond INVERTEBRATE Baetidae -21.2 6.1 
Mact. Headpond INVERTEBRATE Chironomidae -24.7 7.9 
Mact. Headpond INVERTEBRATE Corydalidae -25.4 8.0 
Mact. Headpond INVERTEBRATE Gammarus -27.6 7.0 
Mact. Headpond INVERTEBRATE Gastropoda -25.1 7.4 
Mact. Headpond LEAF LITER REP1 -30.02 -2.70 
Mact. Headpond LEAF LITER REP2 -30.55 -2.27 
Mact. Headpond LEAF LITER REP3 -29.07 -1.78 
Mact. Headpond POM GRAB1 REP1 -34.35 6.19 
Mact. Headpond POM GRAB1 REP2 -34.29 6.47 
Mact. Headpond POM GRAB1 REP3 -34.49 5.93 
Mact. Headpond POM GRAB2 REP1 -30.94 4.04 
Mact. Headpond POM GRAB2 REP1 -34.11 5.02 
Mact. Headpond POM GRAB2 REP2 -33.41 6.19 
Mact. Headpond POM GRAB2 REP3 -33.69 5.34 
Mact. Headpond POM GRAB3 REP1 -33.77 4.11 
Mact. Headpond POM GRAB3 REP2 -33.68 3.76 
Mact. Headpond POM GRAB3 REP3 -33.33 5.01 
Mact. Headpond POM GRAB4 REP1 -33.69 5.32 
Mact. Headpond POM GRAB4 REP2 -33.32 4.85 
Mact. Headpond POM GRAB4 REP3 -33.43 5.15 
Mact. Headpond POM GRAB5 REP1 -33.80 4.89 
Mact. Headpond POM GRAB5 REP2 -33.38 4.64 
Mact. Headpond POM GRAB5 REP3 -31.59 5.15 
Mact. Headpond POM GRAB5 REP3 -33.90 5.52 

Nackawic BIOFILM REP1 -22.41 4.71 
Nackawic BIOFILM REP2 -21.46 5.01 
Nackawic BIOFILM REP3 -20.09 4.55 
Nackawic FISH American Eel -30.72 11.55 
Nackawic FISH Banded Killifish -24.56 11.28 
Nackawic FISH Banded Killifish -25.79 11.44 
Nackawic FISH Banded Killifish -25.76 11.51 
Nackawic FISH Brown Bullhead -30.13 8.36 
Nackawic FISH Brown Bullhead -30.20 8.44 
Nackawic FISH Brown Bullhead -28.44 10.35 
Nackawic FISH Golden Shiner -30.28 8.97 
Nackawic FISH Golden Shiner -28.49 9.91 
Nackawic FISH Golden Shiner -31.37 8.50 
Nackawic FISH Golden Shiner -31.31 8.46 
Nackawic FISH Golden Shiner -28.13 11.85 
Nackawic FISH Pumpkinseed Sunfish -25.62 10.69 
Nackawic FISH Pumpkinseed Sunfish -26.10 10.98 
Nackawic FISH Pumpkinseed Sunfish -24.60 12.45 
Nackawic FISH Smallmouth Bass -27.18 11.89 
Nackawic FISH Smallmouth Bass -27.35 12.28 
Nackawic FISH Smallmouth Bass -27.19 12.48 
Nackawic FISH Smallmouth Bass -27.20 12.30 
Nackawic FISH Smallmouth Bass -27.32 12.77 
Nackawic FISH Smallmouth Bass -27.27 11.72 
Nackawic FISH Smallmouth Bass -28.16 12.15 
Nackawic FISH Smallmouth Bass -26.72 11.66 
Nackawic FISH Smallmouth Bass -27.79 12.23 
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Nackawic FISH Smallmouth Bass -28.16 12.42 
Nackawic FISH Smallmouth Bass -25.41 13.72 
Nackawic FISH Smallmouth Bass -29.84 11.62 
Nackawic FISH White Perch -36.54 7.49 
Nackawic FISH White Perch -30.02 8.91 
Nackawic FISH White Perch -31.16 8.47 
Nackawic FISH White Sucker -23.43 10.16 
Nackawic FISH White Sucker -28.86 9.96 
Nackawic FISH White Sucker -29.94 8.04 
Nackawic FISH White Sucker -31.39 8.43 
Nackawic FISH Yellow Perch -25.61 11.46 
Nackawic FISH Yellow Perch -28.27 12.16 
Nackawic FISH Yellow Perch -29.50 11.26 
Nackawic INVERTEBRATE Ephemerellidae -25.8 7.5 
Nackawic INVERTEBRATE Ephemerellidae -24.3 7.7 
Nackawic INVERTEBRATE Gammarus -25.9 9.2 
Nackawic INVERTEBRATE Gammarus -27.5 9.5 
Nackawic INVERTEBRATE Gastropoda -22.3 7.7 
Nackawic INVERTEBRATE Hemiptera -25.8 8.3 
Nackawic INVERTEBRATE Oligochaeta -26.2 8.4 
Nackawic POM REP1 -32.65 7.59 
Nackawic POM REP2 -31.84 6.28 
Nackawic POM REP3 -32.19 8.70 
SJR-NAC LEAF LITER REP1 -29.73 1.30 
SJR-NAC LEAF LITER REP2 -29.08 1.73 
SJR-NAC LEAF LITER REP3 -30.58 0.60 
Tailrace BIOFILM REP1 -16.93 5.37 
Tailrace BIOFILM REP1 -17.15 5.99 
Tailrace BIOFILM REP2 -16.06 6.33 
Tailrace BIOFILM REP2 -15.34 6.80 
Tailrace BIOFILM REP3 -14.41 5.44 
Tailrace FISH American Eel -26.35 12.74 
Tailrace FISH American Eel -25.98 13.11 
Tailrace FISH American Eel -27.57 12.13 
Tailrace FISH American Eel -25.28 11.65 
Tailrace FISH American Eel -31.86 13.02 
Tailrace FISH American Eel -26.36 11.55 
Tailrace FISH American Eel -25.10 12.69 
Tailrace FISH American Eel -26.22 12.90 
Tailrace FISH American Eel -28.91 12.42 
Tailrace FISH American Eel -25.52 13.15 
Tailrace FISH American Eel -24.09 13.27 
Tailrace FISH American Eel -25.96 13.00 
Tailrace FISH American Eel -25.58 11.87 
Tailrace FISH American Eel -25.76 11.76 
Tailrace FISH American Eel -26.07 10.42 
Tailrace FISH American Eel -25.93 11.56 
Tailrace FISH American Eel -25.92 11.70 
Tailrace FISH American Eel -29.03 12.21 
Tailrace FISH American Eel -30.24 12.43 
Tailrace FISH American Eel -32.23 13.38 
Tailrace FISH American Eel -25.50 12.97 
Tailrace FISH Banded Killifish -23.24 11.55 
Tailrace FISH Brown Bullhead -31.15 12.97 
Tailrace FISH Brown Bullhead -27.33 12.07 
Tailrace FISH Common Shiner -27.91 11.02 
Tailrace FISH Common Shiner -29.03 10.98 
Tailrace FISH Common Shiner -28.06 10.77 
Tailrace FISH Common Shiner -27.23 12.53 
Tailrace FISH Fall Fish -26.06 11.08 
Tailrace FISH Fall Fish -27.35 12.50 
Tailrace FISH Fourspine Stickleback -23.93 12.64 
Tailrace FISH Gaspereau -28.37 11.26 
Tailrace FISH Gaspereau -26.78 11.29 
Tailrace FISH Gaspereau -26.55 11.17 
Tailrace FISH Gaspereau -26.00 11.53 
Tailrace FISH Gaspereau -27.05 11.24 
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Tailrace FISH Gaspereau -28.96 11.22 
Tailrace FISH Gaspereau -27.19 11.12 
Tailrace FISH Gaspereau -25.82 10.97 
Tailrace FISH Gaspereau -27.41 11.07 
Tailrace FISH Golden Shiner -27.12 11.32 
Tailrace FISH Golden Shiner -28.47 11.58 
Tailrace FISH Golden Shiner -27.77 10.41 
Tailrace FISH Lake Chub -26.05 12.54 
Tailrace FISH Lake Chub -27.15 12.41 
Tailrace FISH Pumpkinseed Sunfish -30.11 11.53 
Tailrace FISH Pumpkinseed Sunfish -30.02 11.40 
Tailrace FISH Pumpkinseed Sunfish -25.20 11.52 
Tailrace FISH Smallmouth Bass -29.01 13.64 
Tailrace FISH Smallmouth Bass -27.30 12.38 
Tailrace FISH Smallmouth Bass -28.65 12.52 
Tailrace FISH Smallmouth Bass -28.33 14.38 
Tailrace FISH Smallmouth Bass -27.35 13.03 
Tailrace FISH Smallmouth Bass -27.44 13.58 
Tailrace FISH Smallmouth Bass -27.01 13.81 
Tailrace FISH Smallmouth Bass -27.75 13.07 
Tailrace FISH Smallmouth Bass -25.48 9.61 
Tailrace FISH Smallmouth Bass -26.23 13.14 
Tailrace FISH Smallmouth Bass -27.50 14.01 
Tailrace FISH Smallmouth Bass -27.29 13.42 
Tailrace FISH Smallmouth Bass -28.24 13.05 
Tailrace FISH Smallmouth Bass -28.15 13.51 
Tailrace FISH Smallmouth Bass -26.39 14.33 
Tailrace FISH Smallmouth Bass -27.43 13.59 
Tailrace FISH Smallmouth Bass -27.68 13.65 
Tailrace FISH Smallmouth Bass -27.61 13.71 
Tailrace FISH Smallmouth Bass -27.65 13.21 
Tailrace FISH Smallmouth Bass -26.44 12.97 
Tailrace FISH Smallmouth Bass -29.48 12.74 
Tailrace FISH White Perch -30.45 9.98 
Tailrace FISH White Perch -29.82 12.94 
Tailrace FISH White Perch -34.01 11.16 
Tailrace FISH White Sucker -27.76 9.93 
Tailrace FISH White Sucker -27.83 9.89 
Tailrace FISH White Sucker -25.10 11.12 
Tailrace FISH White Sucker -25.22 11.53 
Tailrace FISH Yellow Perch -23.55 13.32 
Tailrace FISH Yellow Perch -26.36 11.68 
Tailrace FISH Yellow Perch -25.89 12.75 
Tailrace FISH Yellow Perch -24.14 11.91 
Tailrace FISH Yellow Perch -28.57 11.60 
Tailrace FISH Yellow Perch -23.38 13.06 
Tailrace FISH Yellow Perch -29.79 10.96 
Tailrace FISH Yellow Perch -28.33 11.81 
Tailrace FISH Yellow Perch -28.14 12.69 
Tailrace INVERTEBRATE Bivalva -28.4 7.7 
Tailrace INVERTEBRATE Bivalva -27.1 7.7 
Tailrace INVERTEBRATE Chironomidae -21.7 5.9 
Tailrace INVERTEBRATE Chironomidae -20.6 6.3 
Tailrace INVERTEBRATE Ephemeroptera -21.9 7.5 
Tailrace INVERTEBRATE Gammarus -21.1 6.6 
Tailrace INVERTEBRATE Gammarus -20.6 6.1 
Tailrace INVERTEBRATE Gammarus -20.7 6.6 
Tailrace INVERTEBRATE Gastropoda -18.8 6.2 
Tailrace INVERTEBRATE Gastropoda -19.1 6.5 
Tailrace INVERTEBRATE Gastropoda -19.4 6.6 
Tailrace INVERTEBRATE Gyrinidae -25.3 7.8 
Tailrace INVERTEBRATE Gyrinidae -26.2 8.3 
Tailrace INVERTEBRATE Gyrinidae -25.4 8.5 
Tailrace INVERTEBRATE Gyrinidae -26.0 10.2 
Tailrace INVERTEBRATE Halipidae -31.1 6.0 
Tailrace INVERTEBRATE Notonectidae -20.0 6.2 
Tailrace INVERTEBRATE Notonectidae -20.5 6.0 



MAES Report Series 2019-066 

102  
 

Tailrace INVERTEBRATE Phryganeidae -20.1 6.6 
Tailrace INVERTEBRATE Sialidae -20.8 7.8 
Tailrace LEAF LITER REP1 -25.23 3.64 
Tailrace LEAF LITER REP1 -26.31 3.49 
Tailrace LEAF LITER REP2 -27.70 3.81 
Tailrace LEAF LITER REP3 -27.97 2.37 
Tailrace POM REP1 -34.29 5.43 
Tailrace POM REP2 -34.26 6.48 
Tailrace POM REP3 -33.73 6.10 

 

 



 
 

Appendix 8 - Complete species list of macrophytes observed across 171 sites from the MGS to downstream of Fredericton, NB in 2015.  
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45.95805 -66.86137                                                           

45.95614 -66.859825                                                     X     

45.97038 -66.81253                                                     X     

45.96873 -66.81116                                                           

45.97377 -66.80682                                                           

45.96795 -66.80564                                                           

45.97377 -66.80119                                                     X     

45.97255 -66.80129                                                           

45.97038 -66.8014                                                           

45.96986 -66.80114                                                     X     

45.97393 -66.79462                                                           

45.97068 -66.79485                           X                               

45.97665 -66.73358                                                           

45.97311 -66.74012                             X                     X       

45.97362 -66.78788                       X                                   

45.97116 -66.78796 X   X     X                 X               X   X   X     

45.97372 -66.78239                                                           

45.97177 -66.7822                                                     X     

45.97214 -66.7748     X                 X                             X     

45.97085 -66.77496 X   X                 X     X                     X       

45.97249 -66.76891                                                           

45.97122 -66.76973                                                           

45.96158 -66.85782                                                           
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45.95795 -66.85532                                                           

45.97236 -66.76373                                                           

45.9706 -66.76335     X X                     X                     X X     

45.96995 -66.76142                                                           

45.97532 -66.75831     X                       X                     X       

45.97348 -66.75597     X                       X     X               X       

45.97556 -66.758 X X X X                   X       X     X X   X   X       

45.97024 -66.75509                       X   X       X     X X       X X     

45.96995 -66.75549                                                   X X     

45.97386 -66.75197                                                           

45.97195 -66.753     X                       X               X X     X     

45.96895 -66.74815 X X                   X     X                     X X     

45.96718 -66.74816     X                 X     X X X                 X       

45.9729 -66.74338 X   X       X         X                     X   X X       

45.96964 -66.74496                       X     X               X     X       

45.97214 -66.73357                       X                             X     

45.96764 -66.73672     X                     X X               X     X       

45.97132 -66.794 X   X                 X                     X     X       

45.96764 -66.74049     X                 X                       X   X       

45.97149 -66.73264                       X                             X     

45.96774 -66.73459                       X     X                     X X     

45.96308 -66.85323                                                           

45.96156 -66.85326                                                           

45.972 -66.72366     X                       X               X     X X     

45.96804 -66.72478                             X                     X       

45.97252 -61.7183 X   X X               X     X               X     X       

45.96785 -66.71921     X                 X     X                     X X     

45.97295 -66.71191 X   X                 X     X   X X         X   X X X     

45.96773 -66.7123     X       X         X X   X X   X X   X X     X X       

45.97256 -66.70331                                                           

45.96749 -66.70622                             X X   X X             X       
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45.97121 -66.69889                                                           

45.96729 -66.69978                       X       X X       X X   X   X       

45.97081 -66.69209 X   X                       X                       X     

45.96685 -66.69292                             X X                   X       

45.97057 -66.68658                                                           

45.96647 -66.68735                               X                   X       

45.97169 -66.67942     X   X                                   X   X X X     

45.9656 -66.68171                       X                           X X     

45.97145 -66.67294       X               X     X                     X X X   

45.96457 -66.67321                                                           

45.9719 -66.66751     X                       X                     X X     

45.96455 -66.66692                             X                     X       

45.96382 -66.84516                                                           

45.96078 -66.84496                                                           

45.97228 -66.6156 X X                       X X X             X   X X X     

45.96629 -66.65982                             X                   X         

45.9725 -66.65385 X   X     X X               X           X X       X X     

45.96175 -66.62749 X   X   X                   X                 X     X     

45.97213 -66.64748                                                           

45.9666 -66.64801                       X                         X X       

45.97021 -66.63874     X                       X                   X X       

45.96717 -66.64192                       X     X                             

45.96783 -66.63275     X                       X                   X X       

45.96283 -66.6379 X                     X                     X       X     

45.96227 -66.62727                       X     X               X             

45.96042 -66.63528         X                   X               X X X X X     

45.95877 -66.62556         X             X                     X             

45.95716 -66.63283     X   X             X     X                 X           

45.95296 -66.63192             X         X     X                     X       

45.95309 -66.62378 X   X   X                   X     X X   X X               

45.94545 -66.62318                             X                     X       
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45.94472 -66.62934                             X               X     X       

45.96277 -66.84019                                                           

45.95984 -6.84007                                                           

45.96185 -66.83369                                                     X     

45.96952 -66.8331                                                           

45.96205 -66.82795                                                           

45.9593 -66.82592 X   X X                                           X       

45.96404 -66.82288                                                           

45.96222 -66.82083                                                           

45.96873 -66.8183                                                           

45.96527 -66.81659                                                           

45.96975 -66.82203                                                           

45.96985 -66.82166                                                           

45.99234 -66.81174                                                           

45.97388 -66.77759                                                           

45.97629 -66.77391                                                           

45.97973 -66.76971                         X                                 

45.9819 -66.77261     X X                     X                 X     X X   

45.97239 -66.73439                                                           

45.97145 -66.73687                             X                     X       

45.97446 -66.73746                                                     X     

45.97311 -66.74012                       X                       X   X X     

45.9757 -66.74125                                     X             X       

45.74306 -66.74306                                                           

45.97347 -66.82282                                                           

45.97358 -66.82224                                                           

45.97744 -66.81902                                                           

45.97694 -66.81857                                                           

45.98009 -66.81622                                                           

45.97996 -66.81527                                                           

45.9839 -66.81358 X       X   X               X               X     X   X   
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45.98438 -66.81328     X X X X           X   X           X           X       

45.98301 -66.80767 X         X         X X     X               X     X       

45.98333 -66.80748           X                                           X   

45.98025 -66.80383 X   X X   X X       X X                             X     

45.98394 -66.82141           X           X   X X                             

45.98542 -66.82039           X               X             X             X   

45.99216 -66.82001 X   X X   X                                       X       

45.99216 -66.82001 X   X X   X           X             X                     

45.98326 -66.76386                                                           

45.98169 -66.76478                                                           

45.98085 -66.75583                                                           

45.97958 -66.75713                                                           

45.9794 -66.74919                       X     X                   X   X     

45.97942 -66.74034                                                           

45.9767 -66.74111                                                           

45.97665 -66.73358 X                     X     X                     X       

45.97565 -66.73403     X                 X     X       X               X     

45.97614 -66.72631 X                     X     X     X               X       

45.97491 -66.72656                                                     X     

45.97616 -66.72026                                                           

45.975 -66.72009                                                           

45.97587 -66.71372 X                           X               X   X         

45.97473 -66.71415 X   X X X                   X     X         X     X       

45.97585 -66.70808             X                                             

45.97443 -66.70762 X   X                       X               X             

45.97604 -66.70143     X                 X     X                             

45.97441 -66.70229                                                           

45.99126 -66.81245                       X     X               X             

45.99126 -66.81245 X   X       X               X               X             

45.97717 -66.69476 X       X                                   X             

45.97629 -66.69505                                                           



MAES Report Series 2019-066 

108  
 

45.97577 -66.68854               X   X                           X           

45.97508 -66.68885 X   X                 X     X               X     X       

45.97367 -66.68312     X                 X     X                 X   X       

45.97313 -66.68368                                                           

45.9713 -66.67616                                                           

45.96514 -66.67885                                                           

45.99224 -66.81113                                                           

45.99126 -66.81245           X                       X                       

45.99098 -66.80604 X   X     X X         X                     X             

45.98978 -66.80673 X   X                 X     X               X             

45.99029 -66.800052 X         X X         X                   X X     X       

45.98842 -66.80109 X   X X X X X               X       X       X             

45.98954 -66.7934 X           X       X X     X     X         X             

45.98754 -66.79388 X           X               X                     X       

45.98943 -66.78674                                                   X       

45.98734 -66.78721 X   X X               X     X                     X       

45.98658 -66.78152                                                           

45.98803 -66.77971 X   X X X X           X                           X       

45.9857 -66.7747 X       X                                   X             

45.9841 -66.77607                                                           

45.98469 -66.76917 X   X       X             X X     X                 X     

45.98238 -66.770758                                             X       X     

45.97546 -66.75225 X   X   X   X     X X X           X         X     X       

45.9763 -66.76091 X X     X   X   X X X             X               X     X 

 


