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Abstract: Community-based monitoring programs (CBMPs) are a cost-effective option to collect
the long-term data required to effectively monitor estuaries. Data quality concerns have caused
some CBMP datasets, which could fill knowledge gaps for aquatic ecosystems, to go unused. The
Community Aquatic Monitoring Program (CAMP) is a CBMP that has collected littoral nekton
assemblage data from estuaries in the southern Gulf of St. Lawrence since 2003. Concerns with the
CAMP sampling design (station placement and numbers) have prevented decision-makers from
using the data to inform estuary health assessments. This study tested if CAMP’s sampling design
that accommodates volunteer participation provides similar information as a scientific sampling
approach. Six CAMP stations and six stations selected using a stratified random design were
sampled at ten estuaries. A permutational-MANOVA revealed nekton assemblages were generally
not significantly different between the two sampling designs. The current six CAMP stations are
sufficient to detect the larger differences in species abundances that may indicate differences in
estuary condition. The predicted increase in precision (2%) with twelve stations is not substantive
enough to warrant an increased sampling effort. CAMP’s scientific utility is not limited by station
selection bias or numbers. Furthermore, well-designed CBMPs can produce comparable data to
scientific studies.

Keywords: community-based monitoring; estuary monitoring; nekton assemblage; sampling design

1. Introduction

Threats to the ecosystem health of estuaries, one of the most altered and at-risk aquatic
environments [1], are predicted to worsen if development along estuaries and their water-
sheds continues unabated [2]. Thus, monitoring and assessment of the biota (including
fishes and crustaceans) in these ecologically and economically important ecosystems are
urgent and crucial [3,4]. However, monitoring estuaries is time consuming, and costly due
to their high spatial and temporal variability that requires greater sampling effort than
many other aquatic ecosystems [5,6].

Long-term monitoring programs provide the critical historical data required to define
the natural variability of an estuary and capture change over time [7–10]. Both abiotic and
biotic indicators are recommended to adequately monitor estuaries [11]. Yet, time and cost
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constraints can lead programs to sample only abiotic indicators [4], and estuary biological
monitoring programs are constantly under threat of being canceled [12].

Resource managers tasked with designing a long-term environmental monitoring pro-
gram have often found success in implementing a community-based monitoring program
(CBMP). CBMPs come in various forms, including citizen science initiatives in which local
community members volunteer their time to assist in the collection of environmental moni-
toring data [13]. Designing a monitoring program that can be executed by local volunteers
can both reduce costs associated with monitoring programs and engage local community
members [14,15]. Enlisting the help of volunteers also enables researchers to collect more
data on a larger geographical scale and over a longer time period than would otherwise
be possible [14,16–19]. CBMPs continue to gain recognition for their potential to fill data
gaps, inform decision-makers, and educate communities [20]. As such, these programs
are becoming increasingly popular among government and non-profit agencies [21,22]
with millions of volunteers participating in CBMPs worldwide [18]. A downside of such
programs is that professional scientists and decision-makers have expressed concerns
regarding the quality of data collected by community members [15,20,23]). These concerns
have limited the incorporation of CBMP data into the scientific literature [18,22] and its
use to support decision-making. However, previous studies have detected no signifi-
cant differences between the environmental data collected by the community members
and professional scientists (e.g., Fore et al. [24]; Thériault et al. [25]; Danielsen et al. [26];
van der Velde et al. [27]).

The Community Aquatic Monitoring Program (CAMP) is a long-term CBMP that
monitors estuaries in the southern Gulf of St. Lawrence, Canada. Implemented in 2003,
CAMP continues to be administered by Fisheries and Oceans Canada (DFO) in collabora-
tion with the Southern Gulf of St. Lawrence Coalition on Sustainability (Coalition-SGSL).
DFO and Coalition-SGSL personnel work alongside volunteers from watershed groups,
First Nation groups, and maritime universities to collect annual data [28]. Data include
littoral nekton (i.e., fish, shrimp, and crabs) counts, estimates of aquatic vegetation cover,
water quality measurements, and sediment characteristics [29]. The initial objective of
CAMP was to provide an avenue for community outreach and interaction with Environ-
mental Non-Government Organizations (ENGOs), and to raise awareness of estuarine
ecology [28]. A current goal for the CAMP dataset is to determine if it can be used to
assess the relationship between the health of an estuary and the diversity and abundance
of nekton within it [28,29].

The objective of the present study was to determine if the CAMP sampling design that
accommodates volunteer design and participation provides similar information as would
be generated by a more rigorous sampling approach. Specifically, even though various
sampling station selection criteria were established in the original CAMP design, most
station locations were selected primarily to allow volunteers to easily access stations from
the road [28]. In heterogeneous habitats, such as estuaries, a stratified random sample
is recommended where the total area is divided into equal plots and a similar number
of units is selected randomly from each plot [30]. Currently, six stations are sampled
in each estuary, regardless of estuary size, because that is the number of stations that
volunteers were assumed to be capable of sampling in one day [28]. Two hypotheses were
tested: (1) Nekton assemblages observed at CAMP stations would be similar to those
at stations located using a stratified random sampling design (SRD) and (2) Sampling a
greater number of stations in an estuary would not substantively alter nekton community
assemblage estimates.

2. Materials and Methods
2.1. Description of Estuaries Sampled in This Study

Ten estuaries, six in the province of New Brunswick and four in the province of Prince
Edward Island, Canada, were sampled in this study (Figure 1, Table 1). The selected
estuaries encompassed the range of estuary sizes sampled under CAMP to prevent estuary
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size influencing the results. Likewise, estuaries were selected to include some with CAMP
sampling stations clustered in the lower estuary (i.e., closest to the marine environment),
and some with CAMP stations spread throughout the estuary (Figures S1–S10). The
initial CAMP sampling design suggested sampling stations should cover as much of the
estuary as possible with stations located in the upper, middle, and lower estuary, and
located equally on either side of the estuary [31]. Yet, the consideration of road access for
volunteers resulted in many stations clustered in the lower estuary. The lower estuary tends
to have more public road access for harbour activities, while private land, inaccessible to
volunteers, is more common in the upper estuary.
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Figure 1. Map of the ten CAMP estuaries sampled in 2016. Map created using the Free and Open
Source QGIS.

Table 1. Site information for the Canadian Aquatic Monitoring Program (CAMP) estuaries sampled in 2016, including
estuary area and watershed characteristics.

Estuary Watershed
Area (km2)

Watercourse
Length (m) 1

Natural Forest
Area (%) 1

Active Forestry
Area (%) 1

Agricultural
Area (%) 1

Bouctouche 479 4194 5 17 11
Brudenell 260 2122 35 9 32
Cocagne 333 2738 6 20 6

Richibucto 1139 10,799 2 15 5
Scoudouc 159 1240 2 30 6
Shediac 246 2403 6 21 11
Souris 53 439 38 6 36

St. Louis de Kent 360 3439 0.4 9 2
Summerside 388 3227 23 2 56
Trout River 93 1139 38 2 42

1 Land use and cover for each watershed as provided in Stantec [32].

2.2. Stratified Random Sampling Design (SRD)

Twelve sampling stations were designated within each estuary. Six stations were the
established CAMP station locations, and six stations were randomly located and stratified
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among the upper, middle, and lower estuary. Estuary sampling maps were created using
ArcGIS (Figures S1–S10). The lower extent of the estuary was marked at the mouth of the
estuary and where fresh and saline water are fully mixed (i.e., where the coastline opens to
a bay or open ocean) or to the lowest CAMP station when sampling extended into the bay.
For the purpose of this study, the upper extent of the estuary was marked where (when
information was available) the salinity is known to be 10, or where the estuary narrows to
a stream channel. A minimum salinity of 10 was selected as the upper estuary benchmark,
as that is the lowest average salinity that CAMP samples. Both shorelines were divided
into three equal length sections and overlaid by a grid of 50 m2 squares. Numbers were
assigned to each grid square. One station location was randomly assigned to each section
using a random number generator. Once a number was randomly selected, the aerial
imagery beneath the corresponding grid square was inspected to ensure there were no
obvious impediments to seining (e.g., piers, docks). If an obstruction was observed, then a
new station location was assigned using the random number generator.

2.3. Field Data Collection

All estuary sampling was completed by the same core team and was supplementary
to the regular annual CAMP sampling. We did not use data collected by volunteers to
ensure any detected differences were due to the sampling design and not a difference in
sampling teams. Estuaries were sampled once in July or August 2016. The environmental
data collected at each station are summarized in Table 2. SRD stations were accessed using
a 19-foot Carolina Skiff at New Brunswick estuaries and a 17-foot Carolina Skiff at Prince
Edward Island estuaries. One CAMP station at Souris was not sampled because members
of the public were swimming at the station during the sampling time. One Summerside
SRD station could not be sampled due to unsafe weather conditions. Figures S1–S10 display
estuary maps with finalized station locations.

Table 2. Summary of environmental data collected using the Community Aquatic Monitoring Program (CAMP) and
Stratified Random Design (SRD) sampling designs at each estuary sampled in 2016. Data are means (±standard error) of
station data (n = 6) collected for each sampling design.

Estuary
Salinity (PSU) Tide Height 1 (m) Water Temperature (◦C) Dissolved Oxygen

Concentration (mg/L)

CAMP SRD CAMP SRD CAMP SRD CAMP SRD

Bouctouche 24.3 ± 0.8 20.7 ± 1.2 0.7 ± 0.1 0.8 ± 0.1 21.1 ± 0.3 21.0 ± 0.2 8.4 ± 0.1 7.9 ± 0.3
Brudenell 29.4 ± 0.1 27.3 ± 0.9 1.5 ± 0.1 1.4 ± 0.1 22.3 ± 0.6 21.7 ± 0.4 9.9 ± 0.2 8.8 ± 0.3
Cocagne 29.0 ± 0.4 26.1 ± 1.0 1.0 ± 0.05 0.4 ± 0.1 20.8 ± 0.3 23.3 ± 1.1 8.5 ± 0.1 8.4 ± 0.6

Richibucto 26.7 ± 0.8 26.4 ± 0.9 0.4 ± 0.04 0.3 ± 0.04 19.9 ± 0.3 20.9 ± 0.6 8.6 ± 0.5 8.1 ± 0.0.3
Scoudouc 26.9 ± 0.9 27.5 ± 0.6 1.2 ± 0.05 1.3 ± 0.01 22.0 ± 0.2 21.1 ± 0.4 9.2 ± 0.4 7.2 ± 0.2
Shediac 27.8 ± 0.2 24.6 ± 1.2 1.3 ± 0.1 1.2 ± 0.1 25.1 ± 0.2 25.4 ± 0.2 7.1 ± 0.4 7.5 ± 0.7
Souris 25.8 * ± 1.0 23.4 ± 2.8 0.9 * ± 0.1 0.9 ± 0.1 23.3 * ± 0.8 21.3 ± 0.1 8.6 * ± 0.5 8.9 ± 0.3

Summerside 25.9 ± 0.7 25.0 * ± 0.7 1.8 ± 0.05 1.8 * ± 0.05 22.4 ± 0.3 23.1 * ± 0.3 8.5 ± 0.2 8.6 * ± 0.2
St. Louis de Kent 23.8 ± 1.2 22.3 ± 1.9 0.6 ± 0.1 0.7 ± 0.1 18.4 ± 0.6 19.5 ± 0.5 7.5 ± 0.3 8.5 ± 0.1

Trout River 20.4 ± 1.4 21.9 ± 1.7 0.5 ± 0.04 0.6 ± 0.05 21.9 ± 0.8 19.0 ± 0.7 9.6 ± 0.5 8.8 ± 0.6
1 Tide height information collected from Fisheries and Oceans Canada’s tidal predictions website [33]. * n = 5.

At each station, nekton and water quality parameters were collected using the CAMP
methods outlined by Weldon et al. [31]. Nekton species were captured using a 30 m by
2 m beach seine with a mesh size of 6 mm and central bag measuring 2 m by 1 m, which
samples a standardized area of 225 m2 at each station. All captured nekton were placed
in a live-box with water exchange, identified, classified as either young-of-the-year (YOY)
or adult, enumerated, and then released. All fish were handled in accordance with the
approved University of Waterloo animal care protocol (AUPP #14–15). All fish collec-
tion activities complied with DFO Gulf Region License to Fish for Scientific Purposes,
License No. SG-RHQ-16-016C. The following species counts were pooled together for
data analysis due to the difficulty of field identification: alewife (Alosa pseudoharengus)
young-of-the-year (YOY) and blueback herring (Alosa aestivalis) YOY counts were pooled
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as Gaspereau YOY; blackspotted stickleback (Gasterosteus wheatlandi) YOY and threespine
stickleback (Gasterosteus aculeatus) YOY counts were pooled as Gasterosteus YOY; mummi-
chog (Fundulus heteroclitus) YOY and banded killifish (Fundulus diaphanous) YOY counts
were pooled as Fundulus YOY; and winter flounder (Pseudopleuronectes americanus) YOY
and smooth flounder (Liopsetta putnami) YOY counts were pooled as flounder YOY.

Water quality data, including temperature, dissolved oxygen (DO) (mg/L), and salin-
ity (PSU) were collected using a handheld YSI Professional Plus model at New Brunswick
estuaries and a YSI model 6600 M at Prince Edward Island estuaries. Water quality was
measured from the middle of the water column within the seined area. The tide height (m);
above chart datum for each station at the time of sampling was documented by accessing
the tide tables available on the DFO website [33].

2.4. Data Analysis and Statistics

Similarities between pairs of samples (i.e., sampling stations [six stations per estuary])
were defined with a similarity matrix generated using the Bray–Curtis similarity coefficient.
A square-root transformation was applied to the nekton data to reduce the dominance of
the highly abundant species prior to analysis while not overemphasizing rare species. The
resulting Bray–Curtis similarity matrix was the basis for all multivariate analyses.

The nekton assemblages collected from the SRD and CAMP stations were compared
to assess if sampling nekton in these estuaries at different sampling stations would result
in a different nekton community. A hierarchical cluster analysis using a group average
linkage was performed. A similarity profile (SIMPROF) test was applied to determine
which groups created by the cluster analysis were significantly different. The SIMPROF
significance level was set at 5% with 9999 permutations. The differences between the
nekton assemblages collected were further visualized using non-metric Multi-Dimensional
Scaling (nMDS) ordination.

A two-way, permutational MANOVA (PERMANOVA) was used to formally test
the effects on nekton community assemblage of CAMP versus SRD “sampling design”,
“Estuary”, and their interaction. A Type III sums of squares was used, because it is the
most conservative approach to partitioning variability, which is appropriate for unbalanced
designs [34]. p-values were obtained by applying 9999 permutations of residuals under a
reduced model, because it yields the best power and most accurate type I error [34].

The distance-based linear models (DISTLM) routine was used to understand which
(if any) environmental variables had the greatest influence on the nekton assemblage
data to understand if environmental factors influenced any significant differences de-
tected between sampling designs. The DISTLM routine determines the combination of
environmental variables that best describe the multivariate data cloud produced by the
Bray–Curtis similarity matrix on the nekton abundance data [34]. p-values were gener-
ated using 9999 permutations, to test the null hypothesis of no relationship between the
environment data and nekton abundance data [34]. The test yields an R2 value that is the
estimate of the amount of variation in the nekton assemblage explained by the variation
in environmental variables [34]. The Best selection procedure and AICc selection criteria
were used.

The CAMP and SRD datasets were merged to create a combined dataset to understand
how the characterization of the nekton assemblages may change with additional station
data. It is acknowledged that the combined dataset is not an ideal tool for evaluating CAMP
station numbers, because the data were collected at different locations selected using two
different approaches. Ideally, the 12 sampling stations would have been located using the
same sampling design (e.g., 12 SRD stations within each estuary). However, employing
the SRD stations as theoretical “new” CAMP stations is a pragmatic method to predict the
potential for increased station data to alter conclusions based on nekton assemblages.

Species accumulation plots were generated for each estuary using the combined
dataset (n = 12, except for Souris and Summerside with n = 11) to determine the typical
number of stations required within each estuary to capture all potential nekton species. An
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ideal number of stations would be the number after which no new species are gained. The
combined data were permuted 999 times for each estuary.

The combined dataset was also used to predict the potential for additional stations
to alter conclusions of dissimilarities among estuaries (i.e., would additional stations
change which estuaries are considered significantly similar/different?). An nMDS plot was
generated using the combined dataset to visualize how the pattern of estuaries produced
by their relative dissimilarities may change with additional station data. A one-way
PERMANOVA was performed to assess if an increase in station numbers would result in
different conclusions regarding estuary dissimilarities.

The ideal sample size for CAMP is one that yields sufficient precision to detect the
typical differences in mean species abundance estimates among estuaries. The method for
calculating measurement error introduced by Bailey and Byrnes [35] was used to define the
precision of the CAMP stations and predict the precision that could be gained by sampling
up to six additional stations. This analysis was completed using the data from the CAMP
dataset. As a univariate method, the analysis focused on counts of the individual species
that were determined to have the greatest influence on estuary dissimilarities. Influential
species were identified by using the similarity percentages routine (SIMPER) in PRIMER.
For each influential species, one-way, Model II ANOVAs were used to partition the total
variance in counts of each species into among and within estuary components, as described
by Bailey and Byrnes [35]. The within estuary mean square (MSwithin) is an estimate of
the variance among stations within an estuary (s2

within). The among group mean square
(MSamong) includes both among estuary and within estuary variability so among estuary
variance (s2

among) is calculated as follows:

s2
among =

MSamong − MSwithin

6 samples per estuary

The variance of the mean (s2
mean) was calculated using the within and among estuary

component of variance, where n is the number of estuaries sampled and m is the number
of stations sampled.

s2
mean =

s2
within
nm

+
s2

among

n
Values of m were then substituted with values of 7 through 12 to measure the reduction

in the variance of the mean that could be obtained by sampling up to 12 stations at each
estuary. Subsequently, 95% confidence intervals on the mean estimates of each influential
species were calculated by multiplying the square-root of the variance of the mean by its
corresponding t-value. The confidence intervals for station numbers 6 to 12 were used to
understand the precision that could be gained with greater station numbers.

PRIMER 7 with the PERMANOVA add-on package was used to complete multivariate
analyses to test for differences (a = 0.05) between the CAMP and the SRD data. The stations
were treated as replicates within each estuary. All univariate analyses were completed
using RStudio version 0.99.489.

3. Results
3.1. Detecting Differences in Nekton Assemblages between the Community Aquatic Monitoring
Program (CAMP) and Stratified Random Design (SRD) Samples

The cluster analysis grouped the two sampling designs together for each estuary,
except for Cocagne, and the SIMPROF test designated these groupings as significant
(Figure 2). Significant groups were groups of estuaries/sampling design within which the
nekton have statistically indistinguishable patterns of nekton abundance, and the patterns
of nekton abundance between groups do differ significantly [36]. The two sets of data for
differing sample design at each estuary were generally more similar to each other than data
collected from other estuaries (Figure 2). The estuaries with the greatest similarities between
nekton assemblages with differing sampling designs (i.e., >80% similarity) were Trout River
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and Richibucto. The estuaries with the least similarities between nekton assemblages with
differing sampling designs (i.e., <75% similarity) were Shediac, Scoudouc, Bouctouche,
and Cocagne. Cocagne was the only estuary with <72% similarity between the nekton
assemblages with differing sampling designs. Figure S11 presents a shade plot representing
the abundances of the nekton species in each estuary/sampling design.
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Figure 2. Cluster analysis on Bray–Curtis similarities for nekton abundance data (square-root trans-
formed) for each sampling design (Community Aquatic Monitoring Program [CAMP] vs. Stratified
Random Design [SRD]—average of station data) for each estuary. Dotted lines represent similarity
profile (SIMPROF) results where groups of samples are not significantly different (5% significance).

The nMDS ordination plot of the data collected from the CAMP stations and SRD
stations (Figure 3) visually display the differences in the degree of dissimilarity between
estuaries and sampling designs. The stress for the ordination plots is 0.15, which suggests
a good representation of the distances between estuaries and sampling designs based on
the dissimilarity of their nekton assemblages. The SIMPROF test grouped the sampling
designs for each estuary together, other than Cogagne. These results suggest that generally,
regardless of sampling design, the dissimilarity between estuaries would be similar.
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Figure 3. non-metric Multidimensional Scaling ordination plot of square-root transformed nekton
data averaged over sampling design (Community Aquatic Monitoring Program [CAMP] vs. Stratified
Random Design [SRD]) within each estuary. Ellipses represent the estuary groupings identified as
significant by the SIMPROF test.
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Significant differences were detected among nekton assemblages at different estuaries
(PERMANOVA pseudo-F = 12.95, p = 0.0001), but there was no significant difference
between sampling designs (F = 1.44, p = 0.2073). However, the degree of difference between
the sampling designs was somewhat dependent on the estuary (marginal interaction
between Estuary x Sampling Design; F = 1.28, p = 0.0475). Therefore, differences between
the sampling designs within each estuary were examined with pairwise tests. Significant
differences were detected between the sampling designs only within Shediac, (t = 1.527,
p = 0.035), and Cocagne (t = 1.819, p = 0.002) (Table 3). The difference detected in Cocagne
supports the findings of the cluster analysis and nMDS ordinations. Pair-wise tests were
also performed to look at differences between estuaries within each sampling design
(Table 4). Significant differences were detected between all estuaries within both sampling
designs except between Cocagne and Richibucto within the SRD sampling design (t = 1.27,
p = 0.173).

Table 3. Permutational-MANOVA (PERMANOVA) pair-wise test results for factor Sampling Design
within factor Estuary for nekton data collected from the Community Aquatic Monitoring Program
(CAMP) and Stratified Random Design (SRD) stations.

Estuary Sampling Design t p

Cocagne CAMP, SRD 1.819 0.002
Shediac CAMP, SRD 1.527 0.035

Bouctouche CAMP, SRD 1.366 0.127
Souris CAMP, SRD 1.270 0.168

Trout River CAMP, SRD 1.165 0.208
Brudenell CAMP, SRD 1.055 0.345
Scoudouc CAMP, SRD 1.023 0.401
Richibucto CAMP, SRD 0.746 0.781

St. Louis de Kent CAMP, SRD 0.787 0.784
Summerside CAMP, SRD 0.664 0.94

Table 4. Comparison of permutational-MANOVA (PERMANOVA) pair-wise tests among factor Estuary within factor
Sampling Design for nekton data collected from the Community Aquatic Monitoring Program (CAMP) and Stratified
Random Design (SRD) stations.

Estuaries
CAMP SRD

t p t p

Scoudouc vs. Shediac 2.830 0.005 1.841 0.021
Scoudouc vs. Souris 3.22 0.010 2.937 0.007

Scoudouc vs. Cocagne 2.261 0.003 1.851 0.010
Scoudouc vs. Summerside 2.508 0.003 2.041 0.006

Scoudouc vs. Brudenell 2.691 0.004 2.269 0.005
Scoudouc vs. Richibucto 2.092 0.003 1.943 0.004
Scoudouc vs. Bouctouche 1.652 0.017 1.906 0.012

Scoudouc vs. St. Louis de Kent 2.849 0.005 2.374 0.001
Scoudouc vs. Trout River 2.997 0.005 3.094 0.005

Shediac vs. Souris 4.399 0.003 3.916 0.003
Shediac vs. Cocagne 2.723 0.005 2.603 0.005

Shediac vs. Summerside 2.524 0.002 2.642 0.002
Shediac vs. Brudenell 3.001 0.003 2.751 0.002
Shediac vs. Richibucto 3.493 0.003 2.592 0.002
Shediac vs. Bouctouche 2.664 0.002 1.504 0.035

Shediac vs. St. Louis de Kent 3.420 0.002 2.698 0.001
Shediac vs. Trout River 4.886 0.003 4.389 0.002

Souris vs. Cocagne 3.427 0.002 2.602 0.008
Souris vs. Summerside 3.541 0.003 4.053 0.004

Souris vs. Brudenell 2.507 0.003 2.227 0.004
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Table 4. Cont.

Estuaries
CAMP SRD

t p t p

Souris vs. Richibucto 1.961 0.009 2.230 0.003
Souris vs. Bouctouche 2.679 0.002 2.764 0.006

Souris vs. St. Louis de Kent 3.483 0.001 2.867 0.003
Souris vs. Trout River 4.413 0.002 4.132 0.003

Cocagne vs. Summerside 2.372 0.002 2.730 0.002
Cocagne vs. Brudenell 1.765 0.021 1.758 0.014
Cocagne vs. Richibucto 2.140 0.009 1.266 0.173
Cocagne vs. Bouctouche 2.566 0.007 2.128 0.005

Cocagne vs. St. Louis de Kent 2.039 0.015 2.107 0.002
Cocagne vs. Trout River 3.348 0.003 1.852 0.001

Summerside vs. Brudenell 2.574 0.006 2.499 0.005
Summerside vs. Richibucto 2.884 0.005 2.851 0.002
Summerside vs. Bouctouche 2.404 0.002 2.625 0.004

Summerside vs. St. Louis de Kent 2.487 0.002 2.346 0.009
Summerside vs. Trout River 3.425 0.004 3.449 0.001

Brudenell vs. Richibucto 2.102 0.003 1.949 0.009
Brudenell vs. Bouctouche 2.568 0.008 2.277 0.002

Brudenell vs. St. Louis de Kent 2.136 0.008 1.622 0.031
Brudenell vs. Trout River 3.507 0.004 2.663 0.004

Richibucto vs. Bouctouche 2.009 0.006 1.779 0.009
Richibucto vs. St. Louis de Kent 2.545 0.003 2.273 0.003

Richibucto vs. Trout River 2.898 0.003 2.441 0.002
Bouctouche vs. St. Louis de Kent 2.957 0.001 2.607 0.002

Bouctouche vs. Trout River 3.419 0.003 3.919 0.005
St. Louis de Kent vs. Trout River 2.998 0.003 2.333 0.002

The DISTLM was run using only data from the Cocagne stations to understand
which environmental variables may have influenced the significant differences detected.
The results of the DISTLM provide evidence that tide height was the most influential
environmental variable (F = 2.89, p = 0.005), explaining 22% of the variability in the nekton
assemblages (Table S1). Temperature was the only other environmental variable that had
a significant influence (F = 2.05, p = 0.05) on the nekton assemblage data, explaining 17%
of the variability in the nekton assemblages. The tide height was greater during CAMP
station sampling, and water temperature was highest during the SRD station sampling
(Figure S12). Tide height during CAMP station sampling ranged from 0.8 to 1.1 m, with an
average of 1.0 m. Conversely, tide height during the SRD station sampling ranged from
0.1 to 0.8 m, with an average of 0.4 m.

Another DISTLM was run using data from Shediac stations. The results of the DISTLM
provide evidence that salinity was the only influential environmental variable (F = 2.27,
p = 0.04), explaining 19% of the variability in nekton assemblages (Table S2). Salinity was
generally higher at the CAMP stations (Figure S13). Salinity at the CAMP stations ranged
from 27.3 to 28.2, with an average of 27.8. Conversely, salinity at the SRD stations ranged
from 19.7 to 27.7, with an average of 24.6. The SRD stations located in the upper and middle
estuary had salinity values below the range of CAMP station salinities (SRD stations 1–4).
All of these stations were further upstream from the CAMP stations, as the CAMP stations
are clustered in the lower estuary (Figure S6).

3.2. Defining How Additional Station Data May Alter Estuary Assessments Based on Nekton Assemblages

There were discrepancies in the species detected by the two sampling designs, and
neither sampling design consistently detected more species than the other (Table 5). The
species richness (i.e., number of species detected) measured by the two sampling designs
was the same at four estuaries, differed by one species at five estuaries, and differed by
two species at one estuary. The greatest numbers of discrepancies in the species detected
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between sampling designs were in Shediac, St. Louis de Kent, Trout River, and Souris.
These estuaries ranged in size from 53 to 360 km2. One of the most severe discrepancies
was in Trout River where 16 cunner (Tautogolabrus adspersus) were captured over three
CAMP stations, but none were captured at SRD stations. Trout River is a relatively small,
93 km2 estuary and the CAMP stations are spread throughout. The species accumulation
plots indicate ten is a sufficient number of stations, because ten is the typical number of
stations at which the maximum number of species was attained (Figure 4).

The degree to which differences between CAMP and the combined CAMP+SRD data
would affect the interpretation of the nekton assemblages, and consequently, manage-
ment decisions was explored using PERMANOVA. The one-way PERMANOVA using the
combined dataset suggested estuaries were significantly different (F = 12.6, p = 0.0001).
A pair-wise test confirmed all estuaries were significantly different from each other (all
pairwise comparisons p ≤ 0.003, Table S3).

Table 5. Number of species captured by each sampling design (Community Aquatic Monitoring Program [CAMP] and
Stratified Random Sampling Design [SRD]), and the individual species captured by only one sampling design.

Estuary
Number of Species Captured Additional/Different Species

CAMP SRD Total CAMP SRD

Scoudouc 15 14 15 9SS (6 at 1 station)

Shediac 13 13 16
BSS (1 at 1 station) 9SS (1 at 1 station)

GASP (7 at 1 station) KIL (8 at 2 stations)
3SS (3 at 3 stations) FLOU YOY (5 at 2 stations)

Souris 14 14 16
SFL (4 at 2 stations) GRUB (1 a 1 station)

FUND YOY (1 at 1 station) MUM (2 at 1 station)

Cocagne 13 12 14
TOM (1 at 1 station)

SBA (1 at 1 station)SFL (7 at 1 station)

Summerside 13 14 14 MCR (16 at 3 station)

Brudenell 12 13 13 FUND YOY (7 at 1 station)

Richibucto 20 20 21 FUND YOY (1 at 1 station) EEL (1 at 1 station)

Bouctouche 17 15 17
SMEL (19 at 1 station)

3SS (2 at 2 stations)

St. Louis de Kent 15 15 18
GCR (2 at 1 station) EEL (1 at 1 station)
WFL (2 at 1 station) PER (8 at 4 station)

FLOU YOY (1 at 1 station) WNFL (1 at 1 station)

Trout River 14 15 16 CUN (17 at 3 stations)
SFL (13 at 1 station)
EEL (8 @ 2 stations)

3SS: Threespine stickelback (Gasterosteus aculeatus) 9SS: Ninespine stickleback (Pungitius pungitius) BSS: Blackspotted stick-
leback (Gasterosteus wheatlandi) CUN: Cunner (Tautogolabrus adspersus) EEL: American eel (Anguilla rostrata) FLOU: Flounder
(Pseudopleuronectes americanus or Pleuronectes putnami) FUND: Fundulus (Fundulus heteroclitus or Fundulus diaphanous) GASP: Gaspereau
(Alosa pseudoharengus or Alosa aestivalis) GCR: Green crab (Carcinus maenas) GRUB: Grubby (Myoxocephalus aeneus) KIL: Banded kil-
lifish (Fundulus diaphanous) MCR: Mud crab (Neopanope sayi, Rhithropanopeus harrisi) MUM: Mummichog (Fundulus heteroclitus) PER:
White perch (Morone americana) SBA: Striped bass (Morone saxatilis) SFL: Smooth flounder (Pleuronectes putnami) SMEL: Rainbow smelt
(Osmerus mordax) TOM: Atlantic tomcod (Microgadus tomcod) WFL: Winter flounder (Pseudopleuronectes americanus) WNFL: Windowpane
flounder (Scophthalmus aquosus) YOY: Young-of-the-Year.
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Community Aquatic Monitoring Program (CAMP) and Stratified Random Design (SRD) stations at
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3.3. Defining the Precision of the Six CAMP Stations in Estimating Influential Species Abundances

The results of the SIMPER analysis (Table 6) revealed the dissimilarities between es-
tuaries, based on CAMP data, were governed by several abundant species. The four most
influential species in defining the differences between the estuaries were adult mummichog
(Fundulus heteroclitus), fourspinestickleback(Apeltesquadracus), sandshrimp(Crangon septemspinosa),
and YOY Atlantic silverside (Menidia menidia). The one-way ANOVA results (Table S4)
were used to calculate the variance of the mean for each of the influential species. The
variance of the mean was used to formulate confidence intervals for six through 12 stations.

Table 6. Results of the similarity percentages routine (SIMPER) measuring the contribution of each species to the dissim-
ilarities between estuaries as defined by the Bray–Curtis dissimilarity between each pair of estuaries based on nekton
data collected from the Community Aquatic Monitoring Program (CAMP) stations. In addition, the occurrence, median
abundance, and range of average abundances within estuaries for each species.

Species
Average %

Contribution
to Dissimilarity

Occurrence at
Estuaries (%) 1

Occurrence at
Stations (%) 2

Median
Abundance 3

Range of Mean
Abundances

within Estuaries

Sand Shrimp (Adult) 18 100 92 43 6–1791
Atlantic Silverside (YOY) 13 90 70 7 0–1096

Mummichog (Adult) 12 90 73 18 0–994
Fourspine Stickleback (Adult) 11 100 78 10 0–505

Sand Shrimp (YOY) 8 90 58 2 0–368
Grass Shrimp (Adult) 6 80 53 2 0–125

Black Spotted Stickleback (Adult) 4 90 73 2 0–60
Threespine Stickleback (Adult) 4 100 63 1 0–98

Killifish (Adult) 3 20 10 0 0–112
Green Crab (Adult) 3 90 71 4 0–42

Fundulus (YOY) 3 80 31 0 0–63
Atlantic Silverside (Adult) 3 100 53 1 0–30
1 Calculated as the % of estuaries (n = 10) where the species was observed at a minimum of 1 station. 2 Calculated as the % of stations
(n = 59) where the species was observed. 3 The median abundance of the species counts from all stations.

Adult mummichog abundance among all stations ranged from 0 to 4277 per station.
The smallest range within an estuary was 0 to 20 mummichog and the largest was 164 to
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4277 mummichog (Table 7). The average abundances that contributed to the dissimilarity
(at least 10%) between estuaries ranged from 11 to 994 mummichog (Table 8). The six
CAMP stations could detect adult mummichog abundances with an estimated precision of
+/− 276 individuals, and twelve stations would increase the precision to +/− 204 individu-
als (Figure S14). With the six CAMP stations, there was sufficient precision to be confident
in the larger differences in mean adult mummichog abundance that differentiated the Trout
River estuary from all other estuaries sampled (Figure 5). However, there was insufficient
precision to be confident in the adult mummichog abundances that differentiated Scoudouc,
Brudenell, and St Louis de Kent from the other estuaries. Twelve stations would still lack
the precision to be confident in these smaller differences.

Table 7. Minimum, maximum, and mean counts of the four influential species for each estuary.

Species
Abundances

Estuary 1

BOUC BRUD COCA RICH SCOU SHED SOUR STLO SUMM TROU

Adult Mummichog

Minimum 0 0 0 0 70 0 0 3 0 164
Maximum 20 320 77 82 1200 77 0 355 132 4277

Mean 6 54 30 19 333 23 0 110 43 994

Adult Fourspine Stickleback

Minimum 4 0 8 11 11 0 0 0 0 317
Maximum 184 10 50 579 277 7 2 79 1 781

Mean 65 2 30 228 94 3 1 16 0 505

Adult Sand Shrimp

Minimum 51 15 5 59 22 0 642 10 0 1
Maximum 738 404 72 674 896 16 3474 84 33 315

Mean 314 111 27 429 266 10 1791 31 6 80

Young-of-the-year Atlantic Silverside

Minimum 6 0 1 0 10 7 0 0 3 0
Maximum 2689 35 102 203 463 220 0 8 901 53

Mean 1096 8 26 36 212 62 0 2 309 9
1 BOUC: Bouctouche, BRUD: Brudenell, COCA: Cocagne, RICH: Richibucto, SCOU: Scoudouc, SHED: Shediac, SOUR: Souris, STLO: St.
Louis, SUMM: Summerside, TROU: Trout River.

Table 8. The differences in mean influential species counts between estuaries.

SCOU SHED SOUR COCA SUMM BRUD RICH BOUC STLO

Adult Mummichog

SHED 310 *
SOUR 333 * 23
COCA 303 * 7 30
SUMM 290 * 20 43 13 *
BRUD 279 * 31 * 54 24 * 11 *
RICH 314 * 4 19 11 24 35
BOUC 327 * 17 6 24 37 48 13
STLO 223 * 87 * 110 * 80 * 67 * 56 * 91 * 104
TROU 661 * 971 * 994 * 964 * 951 * 940 * 975 * 988 * 884 *

Adult Fourspine Stickleback

SHED 91
SOUR 93 2
COCA 64 27 29
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Table 8. Cont.

SCOU SHED SOUR COCA SUMM BRUD RICH BOUC STLO

SUMM 94 * 3 1 30 *
BRUD 92 * 1 1 28 * 2
RICH 134 * 225 * 227 * 198 * 228 * 226 *
BOUC 29 62 64 35 65 63 163 *
STLO 78 13 15 14 * 16 14 212 * 49
TROU 411 * 502 * 504 * 475 * 505 * 503 * 277 * 440 * 489 *

Adult Sand Shrimp

SHED 256 *
SOUR 1525 * 1781 *
COCA 239 * 17 1764 *
SUMM 260 * 4 1785 * 21 *
BRUD 155 * 101 * 1680 * 84 * 105 *
RICH 163 * 419 * 1362 * 402 * 423 * 318 *
BOUC 48 * 304 * 1477 * 287 * 308 * 203 * 115 *
STLO 235 * 21 1760 * 4 25 80 * 398 * 283 *
TROU 185 71 1710 * 54 75 30 348 * 233 50

Young-of-the-Year Atlantic Silverside

SHED 150 *
SOUR 212 * 62
COCA 186 * 36 * 26
SUMM 97 * 247 * 309 * 283 *
BRUD 204 * 54 * 8 18 * 301 *
RICH 176 * 26 36 10 273 * 28
BOUC 884 * 1034 * 1096 * 1070 * 787 * 1088 * 1060 *
STLO 210 * 60 * 2 24 307* 6 34 1094 *
TROU 203 * 53 9 17 300* 1 27 1087 * 7

*≥10% influence on dissimilarity of estuaries. Bolded numbers are the values that are distinguishable from values
at other estuaries with the replication (n = 6) provided by the CAMP program
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Figure 5. Boxplots generated using the adult Mummichog counts collected from the Community Aquatic Monitoring
Program (CAMP) stations at each estuary. The box shaded dark grey identifies the adult Mummichog abundances that are
significantly different from the abundances at the other estuaries, and the difference is large enough to be detected, with
confidence, in consideration of the precision of the CAMP sampling design.
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Circles above the boxplots (i.e., outliers) are outside 1.5 times the interquartile range
(IQR). One outlier removed from Trout estuary (4277).

Adult fourspine stickleback abundance among all stations ranged from 0 to 781 per
station. The smallest range of fourspine stickleback counts within an estuary was 0 to 1 and
the largest was 11 to 579 (Table 7). The average fourspine stickleback abundances that
contributed to the dissimilarity (at least 10%) between estuaries ranged from 14 to 505
(Table 8). The six CAMP stations could detect adult fourspine stickleback abundances
with an estimated precision of +/− 143 individuals, and twelve stations would increase
the precision to +/− 120 individuals (Figure S15). With the six CAMP stations, there
was sufficient precision to be confident in the larger differences in mean adult fourspine
stickleback abundances that differentiated Trout River from all other estuaries sampled,
except Richibucto (Figure 6). However, there was insufficient precision to be confident in
the adult fourspine stickleback abundances that differentiated Richibucto from all other
estuaries. Twelve stations would still lack the precision to be confident in these smaller
differences. Seven stations would have a sufficient level of precision to be confident in the
differences between Trout River and Richibucto.
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Figure 6. Boxplots generated using the adult Fourspine Stickleback counts collected from the Community Aquatic
Monitoring Program (CAMP) stations at each estuary. The box shaded dark grey identifies the adult Fourspine Stickleback
abundances that are significantly different from the abundances at the other estuaries (except the light grey box), and the
difference is large enough to be detected, with confidence, in consideration of the precision of the CAMP sampling design.
Circles above the boxplots (i.e., outliers) are outside 1.5 times the interquartile range (IQR).

Adult sand shrimp abundance among all stations ranged from 0 to 3474 per station.
The smallest range of adult sand shrimp counts within an estuary was 0 to 16 and the largest
was 642 to 3747 (Table 7). The average adult sand shrimp abundances that contributed to
the dissimilarity (at least 10%) between estuaries ranged from 21 to 1785 (Table 8). The six
CAMP stations could detect adult sand shrimp abundances with an estimated precision of
+/− 133 individuals, and twelve stations would increase the precision to +/− 107 individ-
uals (Figure S16). With the six CAMP stations, there was sufficient precision to be confident
in the larger differences in mean adult sand shrimp counts that differentiated Souris from
all other estuaries sampled (Figure 7). In addition, six stations had sufficient precision to be
confident in the abundance estimates that differentiated Richibucto and all estuaries, except
for Scoudouc and Bouctouche. However, there was insufficient precision to be confident
in the abundances that differentiated Scoudouc from the majority of estuaries. Twelve
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stations would still lack the precision to be confident in most of these smaller differences.
Twelve stations would have a sufficient level of precision to be confident in the differences
between Scoudouc and Summerside and Shediac.
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YOY Atlantic silverside abundances among all stations ranged from 0 to 2689 per
station. The smallest range in YOY Atlantic silverside counts within an estuary was 0 to 8
and the largest was 6 to 2689 (Table 7). The average YOY Atlantic silverside abundances
that contributed to the dissimilarity (at least 10%) between estuaries ranged from 18 to
1096 (Table 8). The six CAMP stations could detect YOY Atlantic silverside abundances
with an estimated precision of +/− 303 individuals, and twelve stations would increase
the precision to +/− 246 individuals (Figure S17). With the six CAMP stations, there was
sufficient precision to be confident in the larger differences in mean YOY Atlantic silverside
abundances that differentiated Bouctouche from all other estuaries (Figure 8). However,
there was insufficient precision to be confident in the abundances that differentiated
Scoudouc, Shediac, and Summerside from the majority of estuaries. Twelve stations
would still lack the precision to be confident in these smaller differences. Seven stations
would have a sufficient level of precision to be confident in the abundance estimates that
differentiated Trout River and Richibucto.

Overall, the six CAMP stations had the precision to detect 42% of the differences in
mean abundances that accounted for at least 10% influence on the estuary dissimilarities
(Table 8). Increasing the number of stations to 12 would likely only increase the detection
rate by 2%. The difference between the confidence intervals of six stations versus the
confidence intervals of 12 stations (72 adult mummichog, 23 adult fourspine stickleback,
26 adult sand shrimp, and 57 YOY Atlantic silverside) is small when considering the typical
variability in counts of these species within estuaries.
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4. Discussion

Previous studies have assessed the scientific utility of community-based monitoring
programs (CBMPs) through comparisons of the data collected by community members
and professional scientists (e.g., Fore et al. [24]; Thériault et al. [25]; Danielsen et al. [26];
van der Velde et al. [27]). This study took a different approach by testing if the CBMP
data are biased due to the sampling design facilitating volunteer participation, rather than
testing volunteer competency. Thériault et al. [25] previously tested the accuracy of the
CAMP volunteers’ nekton identification skills and concluded they were comparable to
DFO scientists (i.e., <10% disagreement in abundance counts).

The first objective of this study was to test the hypothesis that nekton assemblage data
collected from the CAMP stations would not be significantly different than data collected
from stations located through a stratified random design. The nekton assemblages collected
with the two sampling designs were generally not significantly different. In addition, when
observed individually, both study designs yielded the same result that all estuaries differ
significantly in nekton structure. The exceptions were the Cocagne and Shediac estuaries,
where significant differences were detected between the sampling designs. However,
Shediac’s nekton assemblages differed from all estuaries, regardless of sampling design.
Cocagne was not significantly different from Richibucto when considering the nekton
data collected from the SRD stations, but was significantly different from all estuaries
when considering the data collected from the CAMP stations. The potential causes for the
differences detected between the sampling designs at Cocagne and Shediac were explored.

Of the environmental variables measured, tide height had the strongest influence on
the differences in Cocagne nekton between the sampling designs. The average difference
in tide height between the CAMP and SRD stations during sampling in Cocagne was 0.6 m.
Conversely, the next largest difference in tide height between sampling designs within an
estuary was 0.1 m. Since tides are known to influence the distribution of nekton within an
estuary [37–40], studies typically standardize their sampling to a certain tide height (e.g.,
Schein et al. [41]; Ellis and Bell [42]; Gerwing et al. [43]). This study followed the CAMP
protocol of beginning sampling at 8:00 AM every day, and sampled the different sampling
designs only one day apart to maintain similar environment conditions. However, Cocagne
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CAMP station sampling began 1.75 h before the SRD sampling and finished 4.00 h before
the SRD sampling. The difference in time was a consequence of the late start of the SRD
sampling and longer sampling time due to shallow waters inhibiting boat access to the
shoreline. Therefore, the difference in sampling timing (resulting in a difference in tide
height) is likely the cause for the significant difference between the Cocagne datasets, rather
than the difference in station locations. These results provide further support for estuary
monitoring programs to standardize tide height among sampling locations and sampling
dates. Further research is required to test the maximum difference in tide height that will
not introduce significant variability.

Salinity had the strongest influence on the differences in Shediac nekton between the
sampling designs. Salinity is an influential factor contributing to nekton variability within
estuaries [10,44–47]. Shediac CAMP stations are clustered in the bay, resulting in those
stations experiencing higher salinity concentrations than the majority of the SRD stations
that were located further up the estuary (Figure S6). Yet, a greater difference in salinity was
measured between sampling designs at the Bouctouche estuary, and CAMP stations are
also clustered in the lower estuary at Brudenell and Scoudouc. Thus, there may have been
other environmental variables not measured that had a greater influence on the differences
between the sampling designs.

Overall, regardless of sampling design, the assessment of the nekton assemblage at
each of these estuaries would not change. Therefore, if assessments of these estuaries
were to be made using nekton assemblages as an indicator of estuary condition, the
recommendations informed by the assessment would not change. These findings are
evidence that a lack of station stratification and randomization does not limit the utility of
CAMP for decision-makers.

The remaining question concerning the scientific utility of CAMP was whether the
station number (i.e., six stations per estuary) is appropriate. When initiating a monitoring
program, it is best to oversample initially to identify the sufficient number of samples.
However, budget and time constraints often dictate sample numbers. Six stations were
originally proposed for CAMP estuaries, because that was the number of stations that
volunteers were predicted to be able to sample within one day [28], and considered the
minimum to achieve sufficient power with multivariate analyses. Accordingly, this study’s
second objective was to test the hypothesis that sampling an additional six stations would
not significantly change the dissimilarities between estuaries or substantively improve the
precision of nekton abundance estimates.

The results from analysis of the combined dataset (i.e., CAMP plus SRD station data)
demonstrated collecting an additional six stations would not alter conclusions based on
nekton assemblages. While the six CAMP and six SRD stations generally had similar
species richness values, the species accumulation plots showed, on average, the species
number continued to increase until ten stations. Yet, the one-way PERMANOVA results for
the combined dataset suggested collecting data from an additional six stations would not
alter the conclusion that all estuaries have dissimilar nekton assemblages. These results
indicate that the additional species gained past six stations do not significantly influence
the dissimilarity calculation for the multivariate analyses.

It was important to understand how confident one can be in the results that all estuar-
ies are significantly different based on the nekton assemblage data from six stations. The
nekton assemblage data are comprised of abundance estimates for individual species. The
confidence in the accuracy of these abundance estimates is based on the number of samples
and variability of the abundance data. Although accuracy cannot be determined because
we have no independent estimate of species number, the precision of these estimates can
be calculated to understand the likely range of values within which the mean truly falls.
The precision of estimates will govern whether you can be confident in the conclusions and
understand the risk of a Type I error (i.e., falsely concluding there are significant differences
between the means). Increasing sample size is one way to increase sampling precision
to detect biological differences between estuaries [48]. Therefore, the ideal sample size
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for CAMP is one that yields sufficient precision to detect the typical differences in mean
species abundance estimates that are considered biologically meaningful.

The SIMPER analysis revealed the differences in nekton assemblages among estuaries
were governed by four influential species (adult mummichog, fourspine stickleback, and
sand shrimp, and young-of-the-year Atlantic silverside). Abundance estimates from the
current six CAMP stations only have sufficient precision to be confident in the largest dif-
ferences in species abundances that differentiated estuaries. However, even six additional
stations would mostly still be insufficient for the numerous smaller differences recorded in
mean species abundances. Abundance estimates of all four influential species can range
in the 100′s within estuaries. This high within- and among- estuary variability makes it
difficult to substantially increase the precision of abundance estimates by adding stations.
Therefore, the results do not provide compelling evidence to suggest more stations would
substantively increase the precision of nekton community descriptions enough to warrant
additional sampling effort.

Restricting the number of CAMP stations in consideration of volunteer participation
does not appear to have substantively limited the precision of nekton abundance estimates.
Rather, the precision of nekton abundance estimates is limited by the naturally high
variability in nekton abundances, which has been identified by other studies as a limiting
factor in using nekton as an indicator of estuary health [42,49–51].

Future analysis and interpretation of the CAMP dataset should evaluate the precision
of the influential species estimates to understand if there can be a reasonable level of
confidence in the conclusions that nekton assemblages are dissimilar. This method will
help to differentiate from the inherent variability in nekton assemblages within and among
estuaries, and those differences that are large enough to signify a biologically meaningful
change. These larger differences in nekton abundances should then be investigated to
understand if they indicate healthy or degraded conditions relative to the other estuaries
or the same estuary overtime. Both conclusions of either healthy or degraded conditions
have implications for management decisions to restore habitat or protect what has yet to
be impacted.

5. Conclusions

The findings of this study suggest that the CAMP dataset yields similar results as a
program designed using more robust scientific methods. As such, the application of the
CAMP dataset for decision-makers should not be inhibited by concerns for data quality
due to volunteer participation. These findings contribute to the growing body of evidence
supporting the use of CBMP data to inform decision-makers.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10.3
390/fishes6030027/s1. Figure S1: Map of Bouctouche station locations, Figure S2: Map of Brudenell
station locations; Figure S3: Map of Cocagne station locations; Figure S4: Map of Richibucto station
locations; Figure S5: Map of Scoudouc station locations; Figure S6: Map of Shediac station locations;
Figure S7: Map of Souris station locations; Figure S8: Map of St. Louis de Kent station locations;
Figure S9: Map of Summerside station locations; Figure S10: Map of Trout River station locations;
Figure S11: Shade plot displaying the square-root transformed abundances of each nekton species
(y-axis) per sampling design (Community Aquatic Monitoring Program [CAMP] and Stratified
Random Design [SRD]) for the ten estuaries (x-axis). The intensity of the shade signifies the relative
abundance of each species and the contribution of each species to the similarity calculation. An (A)
indicates the adult life stage of the species and YOY indicates Young-of-the-Year life stage. The species
names are: BSS (blackspotted stickleback), 3SS (threespine stickleback), GAST (gasterosteus), GASP
(gaspereau), 4SS (fourspine stickleback), 9SS (ninespine stickleback), MUM (mummichog), FUND
(fundulus), SSH (sand shrimp), GSH (grass shrimp), SILV (Atlantic silverside), SFL (smooth flounder),
WFL (winter flounder), WNFL (windowpane flounder), FLOU (flounder), KIL (banded killifish), SBA
(striped bass), EEL (American eel), PIP (northern pipefish), CUN (cunner), TOM (Atlantic tomcod),
RCR (rock crab), GCR (green crab), MCR (mud crab), SMEL (rainbow smelt), PER (white perch),
and GRUB (grubby). Figure S12: Non-metric Multidimensional Scaling ordination plot of square-
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root transformed nekton data collected from Cocagne Community Aquatic Monitoring Program
(CAMP) and Stratified Random Design (SRD) stations. Vector overlay displays lines indicating
increased temperature/tide height along that axes; Figure S13: Non-metric Multidimensional Scaling
ordination plot of square-root transformed nekton data collected from Shediac Community Aquatic
Monitoring Program (CAMP) and Stratified Random Design (SRD) stations. Vector overlay displays
a line indicating increased salinity along that axes; Figure S14: Confidence interval values (+/−)
of estimates of Adult Mummichog abundances; Figure S15: Confidence interval values (+/−)
of estimates of adult Fourspine Stickleback abundances; Figure S16: Confidence interval values
(+/−) of estimates of Adult Sand Shrimp abundances; Figure S17. Confidence interval values
(+/−) of estimates of YOY Atlantic Silverside abundances; Table S1: Distance-based linear models
(DISTLM) routine results for the analysis of the environmental variables that best describe the
nekton assemblages in Cocagne; Table S2: Distance-based linear models (DISTLM) routine results
for the analysis of the environmental variables that best describe the nekton assemblages in Shediac;
Table S3: Permutational-MANOVA (PERMANOVA) pair-wise test among factor Estuary for nekton
data collected from the combined data set (Community Aquatic Monitoring Program (CAMP) plus
Stratified Random Design (SRD) station data); Table S4: Separate one-way analysis of variance
(ANOVA) using the factor Estuary for the number of each species captured.
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