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The effectiveness of two common sampling methods for assessing imperilled freshwater fishes M. S. P OOS *†, N. E. M ANDRAK ‡
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*Department of Integrative Biology, University of Guelph, Guelph, Ontario, N1G 2W1, Canada and ‡Great Lakes Laboratory for Fisheries and Aquatic Sciences, Department of Fisheries and Oceans Canada, 867 Lakeshore Road, Burlington, Ontario, L7R 4A6, Canada (Received 5 January 2006, Accepted 6 October 2006) This study tested the hypothesis that the most common gear type used to sample ﬁshes in wadeable systems, electroﬁshing, was more effective than another commonly used gear type, seining, for sampling ﬁsh species at risk. Five predictions were tested. At sites where species at risk were detected, (1) the probability of detecting the species at risk, (2) the probability of only one gear type detecting the species at risk and (3) the estimated catch per unit effort of the species at risk, was as high as, or higher, when using electroﬁshing than when using a seine. (4) The number of sample sites required to detect a species at risk within a watershed and (5) the number of subsections required to detect a species at risk within a site, were as low as, or lower, using electroﬁshing than the number required using a seine. Based on analyses of these measurements, electroﬁshing was a more effective gear type than seining for sampling ﬁsh species at risk, irrespective of the unit (presence or absence or catch per unit effort) or scale of measurement (watershed or site level). Dissolved oxygen, turbidity, speciﬁc conductivity and nitrate concentrations were measured at each site and did not account for the between gear differences. Selection of sampling gear can be a fundamental consideration for the assessment of ﬁsh species at risk, where, unlike common species, they may be particularly inﬂuenced by small population sizes, restricted geographic ranges and narrow habitat preferences. Resource managers must weigh differences in the risks of injury of ﬁsh species at risk against differences in the effectiveness of each gear type when deciding between gear types and the utility of the # 2007 Crown copyright assessments they represent. Key words: conservation; recovery plans; resource management; sampling efﬁciency; species at risk; water chemistry.



INTRODUCTION Accurate, precise and economically feasible measurement of the distribution and abundance of ﬁsh assemblages is needed for making sound and scientiﬁcally defensible decisions regarding effective monitoring and management of aquatic systems (Hendricks et al., 1980; Lyons, 1992; Angermeier & Smogor,
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1995; Ensign et al., 2002). This need is especially important for species at risk of extinction, where species assessments are of primary importance to the assignment of conservation designations and decisions on legal listings (Mace, 1994). In particular, imperilled species legislation across the U.S., Europe, Australia and, more recently, in Canada, has reinforced the value of thorough assessments using rigorous sampling protocols for species being considered for, or assigned, conservation designations (Rice, 2005). Without assessments based on rigorous sampling protocols, species vulnerable to extinction could go overlooked or common species that are poorly assessed could be inappropriately assigned a conservation designation (Mace, 1994). To develop conservation actions assisting the recovery of species at risk, resource managers need to know the distribution and abundance of those species at risk. Selection of sampling gear is important to the assessment of ﬁsh assemblages (Yoder & Smith, 1999) and to management decisions based on those assessments (McInerny & Cross, 2000). Currently, electroﬁshing is most commonly used and regarded as the most effective gear type for sampling stream ﬁsh assemblages (Larimore, 1961; Bohlin et al., 1989; Reynolds, 1996; Ensign et al., 2002). This sampling method is the primary (and often only) gear used in assessment and bio-monitoring protocols by management agencies in the U.S. (Rabeni et al., 1997; Barbour et al., 1999), Canada (Stanﬁeld et al., 2001) and Europe (FAME Consortium, 2004; Pont et al., 2006). Further, protocols which rely on both electroﬁshing and seining, recommend seining only in cases where the size selection of electroﬁshing may be an issue (Cowx et al., 2001; King & Crook, 2002; Peck et al., 2005) or where sites have high turbidity (Yoder & Smith, 1999). Fish assessments based on these protocols provide the basis for decisions regarding conservation designations and for evaluations of the ecological condition of watersheds. Effectiveness of electroﬁshing, in terms of the number of individuals and species collected and the effort required to collect them, is an outcome of complex interactions between the biological characteristics of the ﬁshes (Hill & Willis, 1994), physical characteristics of where these ﬁshes live (Simonson & Lyons, 1995; Wang et al., 1996) and technical characteristics of the sampling protocol (Reynolds, 1996). Biological characteristics include differences in the body size and behaviour of the ﬁshes (Ensign et al., 2002). Physical characteristics include factors such as stream ﬂow, conductivity and turbidity (Reynolds, 1996). Technical characteristics of the sampling protocol include factors such as the use of single v. multiple passes by electroﬁshing; the number of netters, or the use of systematic and habitatbased sampling (Bohlin et al., 1989). Despite the importance of these characteristics, researchers are often hindered by economic constraints which facilitate the use of a single-gear sampling method without validation of its effectiveness. Seining provides an alternative active method of sampling stream ﬁshes. A seine has ﬂoats along the top and weights along the bottom. The net is pulled from the ends through the water to sample ﬁshes (Reynolds, 1996). Surveys based on seining have been used for management purposes for >100 years (Bayley & Herendeen, 2000). Moreover, use of seines is becoming increasingly attractive as ﬁsheries managers look for alternatives to electroﬁshing, because electroﬁshing can cause injury or mortality of ﬁsh species through haemorrhaging and spinal displacement (Sharber & Carothers, 1988; Hollender & Carline, #
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1994; Carline, 2001; Dwyer et al., 2001; Holliman & Reynolds, 2002; Dolan & Miranda, 2004). Such sampling injuries are particularly important for ﬁsh species at risk because of the potential for, and added concern about, negative effects on population growth rate (Nielsen, 1998). This study tests the hypothesis that electroﬁshing is more effective than seining for sampling ﬁsh species at risk. Electroﬁshing is often the primary and sometimes only sampling method used for assessment protocols, with the implicit assumption that electroﬁshing is more effective than other gear types for sampling ﬁshes, including those at risk. This assumption warrants testing as a hypothesis because few studies have compared the effectiveness of electroﬁshing v. seining (Wiley & Tsai, 1983; King & Crook, 2002) and no study has compared their effectiveness in detecting ﬁsh species at risk. Moreover, for rare species the hypothesis that electroﬁshing is more effective than seining, as observed for common species, may be incorrect. For example, in areas where ﬁshes are common, rare ﬁshes may be displaced into a suite of habitats (competition) that impede their susceptibility to electroﬁshing and alter their behaviour (e.g. schooling, activity and movement away from refuges) in ways that impede capture. Five predictions were used to test whether electroﬁshing was more effective than seining. First, at sites where species at risk were detected, the probability of detecting a species at risk using electroﬁshing was expected to be as high as, as or higher, than it was using a seine. Second, at sites where species at risk were detected, the probability of a species at risk being detected with only electroﬁshing was expected to be as high as, or higher, than it was when using only a seine. Third, at sites where species at risk were detected, the catch estimated using electroﬁshing was expected to be as high as, or higher, than catch estimates obtained using a seine. Fourth, the number of sample sites required to detect a species at risk within a watershed when using electroﬁshing was expected to be as low as, or lower, than the number required when using a seine. Finally, at sites where a species at risk was detected, the number of subsections within a site that were required to detect a species at risk using electroﬁshing was expected to be as low as, or lower, than the number required using a seine. The ﬁrst three predictions were included as they represent intuitive metrics of accuracy and precision: detectability in general, detectability in cases where one sampling method was inadequate and catch per unit effort. The ﬁnal two predictions were included to determine whether scale (watershed level or site level) inﬂuenced the effectiveness of each sampling method. Such a division can allow resource managers to determine not only the amount of sampling required to detect a species at risk (i.e. how many sites are needed to initially detect a species at risk in a watershed), but also to determine the duration of sampling (i.e. how many subsections should be sampled within a site to maximize the probability of detecting a species a risk). As sampling methods should be accurate, precise and economically feasible, the ability to detect imperilled species across scales (e.g. how far and how long) is a useful metric for determining precision and economic feasibility. The criterion for the most effective sampling method was determined as the sampling method which was signiﬁcantly better across the majority of the ﬁve predictions and species at risk captured. This criterion was used as it reﬂects a balance between accuracy, #
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precision and the economic feasibility of the sampling method, a necessity for all sampling approaches. STUDY AREA



The predictions were tested using data collected in the Sydenham River in south-western Ontario, Canada. The Sydenham River watershed is being used as a model system to develop scientiﬁc tools supporting the assessment needed to defend conservation designations and to monitor the success of recovery plans required by the Canadian Species at Risk Act. This 2725 km2 watershed is characterized by low relief, with low stream gradients and shallow valleys. Although, the population within the watershed is small (18 000 people), the watershed experiences signiﬁcant anthropogenic stress with 85% of the area used intensively for agriculture (Dextrase et al., 2003). The Sydenham River watershed has a high number (eight) of ﬁsh species at risk relative to other watersheds in Canada (Staton et al., 2003). These species at risk include: the endangered benthivore the northern madtom Noturus stigmosus Taylor, the threatened eastern sand darter Ammocrypta pellucida (Putnam), threatened spotted gar Lepisosteus oculatus Winchell, and four species of special concern, including greenside darter Etheostoma blennioides Raﬁnesque, pugnose minnow Opsopoeodus emiliae (Hay), bigmouth buffalo Ictiobus cyprinellus (Valenciennes) and blackstripe topminnow Fundulus notatus (Raﬁnesque). Many of these species are demersal, including: the spotted sucker, bigmouth buffalo, northern madtom, eastern sand darter and greenside darter, and their declines are thought to be due to increases in agriculture and associated sediment loads (Dextrase et al., 2003). MATERIALS AND METHODS S A M P L E SI T E S Fifty sites were sampled across the Sydenham River watershed in 2003 (Fig. 1). Forty-two sites were spread across the watershed, at least 2 km apart, to achieve uniform coverage. Eight sites were selected to overlap with ongoing surveys of mussels (Metcalfe-Smith et al., 2003), benthic macroinvertebrates (M. Andreae, pers. comm.), and previous surveys of ﬁsh species at risk (Dextrase et al., 2003). Non-wadeable river sections near Shetland Conservation Area (CA) and in the lower portions of the watershed were not sampled (Fig. 1). Each site was deﬁned as either a pool-rifﬂe sequence c. 60 m in length (n ¼ 15) or, where there were no clearly deﬁned pool-rifﬂe sequences (e.g. due to channelization for agriculture), a 60 m length of stream (n ¼ 35). This followed the recommendation of Bohlin et al. (1989) to use sites of roughly equal length. Each site was further subdivided into 10 subsections of equal length using 11 transects laid out perpendicular to the bank. The subdivision of each site was needed to accurately divide ﬁsh sampling into two scales: site level (based on the accumulation of subsections) and watershed level (based on the accumulation of sites).



F I S H SA M P L I N G Fishes were collected using two different methods: single-pass backpack electroﬁshing (pulsed DC current at 200–225 V, hertz ¼ 60, pulse length ¼ 3 ms) with two netters, or #
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FIG. 1. Sites (n ¼ 50) sampled in the Sydenham River watershed in 2003.



a bag seine (82 m  2 m, 75 mm mesh, bag 2 m  2 m  2 m) pulled by two people with a third lifting the net over obstructions. Fishes were collected in each subsection sequentially, identiﬁed to species, counted and returned to the river, with the exception of those retained as voucher specimens. Both gear types were deployed when habitat was appropriate (with water depths 05 m). On average, a site was 722  54 m2 (mean  S.E., range 208 to 1954 m2). The order of gear deployment was determined randomly. Approximately 1 h after the last sample of ﬁshes was returned to the water, the site was re-sampled using the other gear type. Electroﬁshing was carried out in an upstream direction at a rate of 1 m2 per 5 s (Stanﬁeld et al., 2001), systematically and continuously covering each subsection sequentially from side to side for the entire site. The total sampling effort depended on the area of the site. A minimum of 2000 s (mean  S.E. 4257  130 s) was shocked at each site, exceeding the recommendation of 1500 s of electroﬁshing to quantify the structure of ﬁsh assemblages (Yoder & Smith, 1999). The added time was used to address the rarity of ﬁsh species at risk (Mace, 1994), and the possibility that they would require more sampling to be detected. Seining was completed in a downstream direction using ﬁve to eight seine hauls to systematically sample the entire area of two subsections sequentially and continuously for the entire site. Some variation occurred in the number of hauls due to obstructions and physical features of the individual sites. In lower sections of the river (below Dawn Mills, Fig. 1), where the seine could not stretch the entire stream width (n ¼ 4), care was taken not to disturb the un-sampled areas and seining was systematically repeated. Gillnets (5 cm mesh) were used as block nets on the upstream end of the site during electroﬁshing and the downstream end of the site during seining, unless a natural obstruction (e.g. shallow water) was present. One voucher specimen of each species was kept for each site.



WATER CHEMISTRY Water chemistry variables, such as dissolved oxygen, speciﬁc conductivity, turbidity and nitrate concentration, were taken at each sample site. Water quality variables were



#
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measured using a HydroLab DataSonde 4a multi-probed sensor. The sensor measured speciﬁc conductivity (0001 mS cm1), turbidity (5 NTU), dissolved oxygen ( 02 mg l1) and nitrate concentration (02 mg l1N). These measurements were made c. 20 m above the upstream end of the sample site continuously for the duration of sampling. Measurements were averaged (S.E.) over the sampling duration for each site sampled. Pooled species at risk abundance at each site was used to test the effects of water chemistry on each gear type and whether there was an interaction. A multiple linear regression (PROC GLM) was run in SAS version 9.1. The multi-probed sensor malfunctioned at one site and those data were not included in the analysis.



DATA ANALYSIS A comparative approach was used, in which the ﬁve predictions for electroﬁshing and seining were tested. For this approach, all sites where species at risk were not found were eliminated (i.e. the number of sites included in the study design, the sampling universe, was deﬁned to be only those sites where the species was known to be present from their capture by at least one gear). This step was necessary to eliminate zero inﬂation bias (Martin et al., 2005). Although, those zeros were considered to be ‘true’ observations given the extent of sampling as compared to most other standard protocols (Yoder & Smith, 1999; Stanﬁeld et al., 2001), comparisons were optimized to minimize the effect of false negatives and to maximize between gear differences.



Prediction 1 At sites where species at risk were detected, the probability of detecting any individual of a species at risk (at a site) using the electroﬁsher was expected to be as high as or higher than it was using a seine. The probability of detection (as a proportion) was deﬁned as the number of sites where a species at risk was detected with a given gear type divided by the total number of sites where this species was detected with any gear type. Contingency table analysis comparing detection (detected or not-detected) with gear type (electroﬁshing or seining) was used to determine if the probability of detection differed between gear types. Tables were calculated for each species separately, and for all species at risk after pooling. Statistical signiﬁcance was assessed using a G-test (Zar, 1999). Prediction 2 At sites where species at risk were detected, the probability of detecting any individual of a species at risk (at a site) with only the electroﬁsher was expected to be as high as, or higher, than it was when using only a seine. This probability was deﬁned as the number of sites where a speciﬁc gear type was the only gear to detect a species at risk divided by the number of sites where that species at risk was detected. This prediction differs from the ﬁrst as it considers which sampling methodology detected a species when the other did not. Such a comparison is useful as it determines which sampling methodology captured unique specimens, which would have otherwise been missed. Contingency table analysis comparing detections unique to each gear type (detected or not-detected) with gear type (electroﬁshing or seining) was used to determine if the probabilities differed. Tables were calculated for each species separately, and for species at risk after pooling. Statistical signiﬁcance was assessed using a G-test (Zar, 1999). Prediction 3 At sites where species at risk were detected, the catch per unit effort estimates using electroﬁshing (at a site) were expected to be as high as, or higher, than catch per unit effort estimates obtained using a seine. The catch per unit effort at each site was estimated by dividing the number of individuals (i.e. abundance) of a given species at risk collected using a speciﬁc gear type by #
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the area (m2) of the site. Differences in catch per unit effort estimates obtained using the gear types were tested using a Wilcoxon matched pairs signed rank test. This distribution free test was used because catch per unit effort estimates were not normally distributed (Zar, 1999).



Prediction 4 The number of sample sites required to detect a species at risk within a watershed when using electroﬁshing was expected to be as low as, or lower, than the number required when using a seine. This prediction was tested by modelling how the probability of detecting a given species at risk within the watershed changed as the cumulative number of sites sampled increased (i.e. a cumulative probability-of-detection curve). For each species at risk, separate cumulative probability-of-detection curves were generated for electroﬁshing and seining separately, and the two gears combined. For a given site, a sampling gear was assigned a value of 1 if a species at risk was detected using it, and a value of 0 if it was not. Each curve was generated by randomizing the sequence of detections from the ﬁeld survey 1000 times and estimating the mean probability of detection in relation to the number of sites sampled. The estimated number of sites required to obtain a probability of detection equal to 095 was compared among accumulation curves. Mean area sampled by electroﬁshing, seining and the combination of electroﬁshing and seining were calculated for comparison, given that using both gears would require extra effort at a site. Prediction 5 At sites where species at risk were detected, the number of subsections within a site that were required to detect a species at risk using electroﬁshing was expected to be as low as, or lower, than the number required using a seine. This prediction was tested by modelling how the probability of detecting a given species at risk within a site changed as the cumulative number of subsections sampled increased. For each species at risk, separate cumulative probability-of-detection curves were generated for electroﬁshing and seining, but not together because subsections were sampled two at a time while seining. For a given subsection, a sampling gear was assigned a value of 1 if a species at risk was detected using it, and a value of 0 if it was not. The curve was generated by randomizing the observed sequence of detections from the ﬁeld survey 1000 times and estimating the mean probability of detection in relation to the number of subsections. A stratiﬁed randomization process was used to quantify the number of subsections need to detect a species at risk with a given site across all sites. Each randomization was blocked by site and species were counted as detected after the ﬁrst capture. As the randomization process for subsections was blocked by site, maximal and minimal boundaries were included to reduce the potential error of constraining the randomization to sites with greatly disproportionate probabilities of detection. This was done by simulating data which represented maximal (simulated data completely ﬁxed for half of the subsections and equally random for the other half of subsections) and minimal (simulated data equally random for all subsections) boundaries for each species accumulation curve. The simulated randomization boundaries provide a surrogate measure of the error of blocking the randomization by site, a requirement unique to randomizing subsections and not sites. The estimated number of subsections required to obtain a probability of detection equal to 095 was compared among accumulation curves.



RESULTS F I S H SA M P L I N G



Four of the eight species at risk expected to be in the watershed were collected. They were eastern sand darter, greenside darter, blackstripe topminnow #
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and spotted sucker. The remaining four species at risk previously reported in the Sydenham River (Staton et al., 2003), pugnose minnow, northern madtom, bigmouth buffalo and spotted gar, were not collected in this study. Two of these species (the northern madtom and spotted gar) are thought to be extirpated from the river, while the other two (bigmouth buffalo and pugnose minnow) are thought to be in non-wadeable sections, which were not sampled (Dextrase et al., 2003). No species at risk were captured in the block nets. WATER CHEMISTRY



Sample sites were characterized by, on average (S.E.), speciﬁc conductivity of 4301  1152 mS cm1, turbidity of 952  113 NTU, dissolved oxygen of 73  033 mg l1 and nitrate concentration of 773  124 mg l1N, with northern branches of Black Creek and Bear Creek with higher turbidity, conductivity and nitrate concentrations than the East Sydenham River (Fig. 1). None of the water chemistry variables inﬂuenced the abundance estimates of species at risk (multiple linear regression, n ¼ 49, P > 005). The overall nine variable model was signiﬁcant for determining the abundance of species at risk (multiple linear regression, n ¼ 49, P < 005), but sampling gear was the only signiﬁcant variable in the model (multiple linear regression, n ¼ 49, P < 0001). There was no interaction between dissolved oxygen, speciﬁc conductivity, turbidity and nitrate concentration and sampling method used to estimate the abundance of ﬁsh species at risk (multiple linear regression, n ¼ 49, P > 005). DATA ANALYSIS Prediction 1 The probability of detecting a ﬁsh species at risk was as high, or higher, for electroﬁshing than it was for seining. Overall, electroﬁshing detected species at risk at 95% of the sites where they were ultimately found to occur with either method. This was signiﬁcantly higher than seining (G-test, n ¼ 63, P < 0001), which detected ﬁsh species at risk at 67% of the sites where they were ultimately found to occur. For individual species, electroﬁshing was signiﬁcantly better than seining at detecting the greenside darter (100% v. 697%; G-test, n ¼ 33; P < 0001) and the spotted sucker (100% v. 0%; G-test, n ¼ 6; P < 0001). Further, there was a strong difference between electroﬁshing and seining at detecting the eastern sand darter, (83% v. 33%), but this difference between gear types was not statistically signiﬁcant at the conventional a ¼ 005 (G-test, n ¼ 6, P ¼ 007), probably because of the low number of sites where the eastern sand darter was detected. Finally, the detection of the blackstripe topminnow was identical for electroﬁshing and seining. It was detected by both gears at 89% (16/18) of the sites where it was ultimately found to occur. Prediction 2 The probability that a ﬁsh species at risk was detected using only the electroﬁsher was as high, or higher, than for a seine only. Overall, electroﬁshing detected ﬁsh species at risk at an additional 30% of the sites where seining did #
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not. This was signiﬁcantly higher (G-test, n ¼ 63, P < 0001) than seining, which detected ﬁsh species at risk at an additional 4% of sites where electroﬁshing did not. For individual species at risk, electroﬁshing detected the greenside darter (212% v. 0%; G-test, n ¼ 33, P < 001) and the spotted sucker (100% v. 0%; G-test, n ¼ 6, P < 0001) signiﬁcantly more often than seining. Electroﬁshing and seining both detected the blackstripe topminnow at 11% of sites when the other gear did not (G-test, n ¼ 18, P > 005). Finally, electroﬁshing detected the eastern sand darter at 67% of sites when seining did not; compared to the 17% of the sites when seining detected the eastern sand darter and electroﬁshing did not. Although this difference is important, it was not statistically signiﬁcant (G-test, n ¼ 6, P ¼ 008), possibly because of the small sample sizes. Prediction 3 The catch per unit effort of ﬁsh species at risk was as high as, or higher than, using electroﬁshing than when seining. Overall, electroﬁshing caught signiﬁcantly more species at risk than seining (Wilcoxon matched pairs signed rank test; n ¼ 63, P < 0001). For the greenside darter and the spotted sucker, electroﬁshing caught signiﬁcantly more per unit area than with seining (Wilcoxon matched pairs signed rank test, n ¼ 33, P < 0001, and n ¼ 6, P < 005, respectively). For eastern sand darter and blackstripe topminnow, the catch per unit effort tended to be higher for electroﬁshing than for seining but did not differ signiﬁcantly between electroﬁshing and seining (Wilcoxon matched pairs signed rank test; n ¼ 6, P > 05, and n ¼ 18, P > 005, respectively). Prediction 4 In all cases considered, the number of sample sites required to detect a ﬁsh species at risk in the watershed was as low as, or lower, using electroﬁshing than when using the seine (Fig. 2). For the blackstripe topminnow, the number of sample sites required to achieve a 95% probability of detection was estimated to be eight for both gear types, although they differed in the area required for sampling (4619 m2 for electroﬁshing v. 5257 m2 for the seine; Fig. 2). When sample area (effort) was considered, electroﬁshing required sampling less area than seining (4610 v. 5257 m2 respectively), on average, to achieve 95% probability of detection (Table I). This was also the case for the eastern sand darter (24 sites and 26 457 m2 for electroﬁshing v. 38 sites and 57 485 m2 for seining) and the greenside darter (three sites and 2474 m2 for electroﬁshing v. ﬁve sites and 4164 m2 for seining), while the spotted sucker was detected only with electroﬁshing (19 sites and 13 273 m2; Table I). When the two gear types were considered together, the number of sites needed to achieve a 95% probability of detection remained effectively the same as the number required with electroﬁshing alone. For example, the eastern sand darter and greenside darter were found in the same number of sites (24 and three respectively) with the two gears combined as they were with just electroﬁshing. The only exception was the blackstripe topminnow, where the number of sample sites required to achieve 95% detection was slightly lower when combining gear types than when electroﬁshing (six sites for both gears combined #
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FIG. 2. Estimated number of sample sites needed to detect the occurrence of: (a) eastern sand darter, (b) greenside darter, (c) blackstripe topminnow, (d) spotted sucker and (e) ﬁsh species at risk (pooled across 50 sampled sites) with probability 095 on the Sydenham River, Ontario, in 2003. Curves are provided for electroﬁshing , seining , and electroﬁshing and seining together . The vertical line and corresponding value represent the number of sites required to reach 95% probability of detection for the watershed.



v. eight for electroﬁshing and seven for seining); however, combining gear types required almost twice the sampling effort in terms of area (7404 v. 4619 m2 for electroﬁshing and 5257 m2 for seining; Table I). Prediction 5 The number of subsections required to detect a ﬁsh species at risk with probability 095 at a site where it was detected and known to occur was the same #
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TABLE I. Total area (m2), number of sites (n), and the number of subsections within sites required to initially detect the eastern sand darter, greenside darter, blackstripe topminnow, spotted sucker and all ﬁsh species at risk (pooled) across 50 sampled sites on the Sydenham River, Ontario, in 2003 with 95% probability using electroﬁshing, seining and both gears sequentially together Electroﬁshing



Seining



Both



Sites Subsections Area Sites Subsections Area Sites Area (n) (n) (m2) (n) (m2) (n) (n) (m2) Eastern sand darter Greenside darter Blackstripe topminnow Spotted sucker



24 3 8



9 7 6



26 457 2474 4619



38 5 8



7 8 7



57 485 4164 5257



24 3 6



57 838 4968 7404



19



10



13 273



nc



nc



nc



19



26 546



nc, no individuals collected.



using electroﬁshing or seining. Two species at risk, the greenside darter and the blackstripe topminnow, were caught within one subsection of each other (seven subsections for electroﬁshing v. eight for seining), while the spotted sucker was caught using only electroﬁshing (Fig. 3). The variability in the effectiveness of electroﬁshing and seining for the eastern sand darter was too high to draw any conclusions. Although this species was found (at 95% probability of detection) at two less subsections using seining than electroﬁshing (seven v. nine respectively), this ﬁnding may not represent a signiﬁcant difference in sampling as there was a large deviation in the minimum (boundary ¼ 2 subsections) and maximum (boundary ¼ 10 subsections) boundaries of detection in the six sites where they were sampled with the seine (Fig. 3).



DISCUSSION Given the criterion of effectiveness (i.e. accuracy, precision and economic feasibility), electroﬁshing was more effective than seining for sampling ﬁsh species at risk in the Sydenham River. In general, all ﬁve of the predictions regarding effectiveness were supported (Table II). For example, at a site where a ﬁsh species at risk was detected, the probability of detecting it, the probability of a single gear type detecting it, and the number of individuals detected per sample area, were all as high, or higher, for electroﬁshing as they were for seining. In addition, the number of sites and subsections within a site needed to detect (at 95% probability) a ﬁsh species at risk was as low, or lower, for electroﬁshing than it was for seining. Seining was not signiﬁcantly better than electroﬁshing for any of the predictions across any of the imperilled species sampled (Table II). The conclusion regarding the greater effectiveness of electroﬁshing is consistent with the ﬁndings of several studies that independently showed electroﬁshing was more effective than seining in detecting ﬁsh species in general across varying types of habitats (Dauble & Gray, 1980; Wiley & Tsai, 1983; Pygott et al., 1990). Electroﬁshing alone, however, may not be appropriate in all #
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FIG. 3. Estimated number of subsections within a sample site in the Sydenham River, Ontario, in 2003 (n ¼ number of sub-samples). Separate detection curves required to detect a species at risk within a site with 95% probability of detection using electroﬁshing and seining are provided for: (a) eastern sand darter, (b) greenside darter, (c) blackstripe topminnow and (d) spotted sucker. The vertical line and corresponding value represent the number of subsections required to reach 95% probability of detection for the site. The dashed lines indicate simulated minimal and maximal boundaries for probability of detection.
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TABLE II. Outcome of the ﬁve predictions used to compare the effectiveness of electroﬁshing and seining for sampling the eastern sand darter, greenside darter, blackstripe topminnow, spotted sucker and ﬁsh species at risk (pooled) across 50 sampled sites on the Sydenham River, Ontario, in 2003. The ﬁve predictions tested were: at sites where species at risk were detected, (1) the probability of detecting the species at risk, (2) the probability of only one gear type detecting the species at risk and (3) the estimated catch of the species at risk, was as high as, or higher, when using electroﬁshing than when using seining. (4) The number of sample sites required to detect a species at risk within a watershed and (5) the number of subsections required to detect a species at risk within a site, were as low as, or lower, using electroﬁshing than the number required using seining



Eastern sand darter Greenside darter Blackstripe topminnow Spotted sucker All Species at Risk (Pooled) Overall conclusion



Prediction 1



Prediction 2



Prediction 3



Prediction 4



Prediction 5



¼ E ¼ E E



¼ E ¼ E E



¼ E ¼ E E



E E ¼ E E



¼ E E E N/A



E



E



E



E



E



E, electroﬁshing performed signiﬁcantly better than seining; ¼, no statistical difference between the two; N/A, a situation which was not applicable.



situations. Effectiveness of electroﬁshing can be inﬂuenced by environmental conditions at each sample site (Reynolds, 1996). For example, the blackstripe topminnow was found in sites with signiﬁcantly higher speciﬁc conductivity (mean  S.E. 5262  1150 mS cm1, t-test, d.f. ¼ 127, P < 005) and in signiﬁcantly higher turbidity (mean ¼ 1826  1691 NTU, t-test, d.f. ¼ 127, P ¼ 0001) than the other species at risk (conductivity: 4921  1051 mS cm1, turbidity: 9162  8501 NTU). These factors can reduce electroﬁshing success (Hill & Willis, 1994), because ﬁshes captured by the electric ﬁeld may not be seen and trapped by the netters (Pygott et al., 1990). Alternatively, high turbidity could aid the effectiveness of seining by limiting the avoidance response of ﬁsh species at risk to the oncoming seine (Weinstein & Davis, 1980; Glass & Wardle, 1989). Such an example highlights the value of testing the suitability of a gear type or sampling protocol for the particular condition, species and geographic area, as done in this study. The results indicate that electroﬁshing was as effective as, or better, than seining across the variety of water chemistry variables and wadeable habitat types sampled. Effectiveness of electroﬁshing can also be inﬂuenced by different characteristics of ﬁshes. Larimore (1961) concluded that the greenside darter was easily captured using electroﬁshing and he attributed this success to the relatively large body size and bright colouration of this species relative to other ﬁsh species in the study system. He also concluded that the relatively small size and surface swimming behaviour of the blackstripe topminnow made it difﬁcult to stun and collect with electroﬁshing. The difference in the characteristics may also explain the relative success of the seine for sampling the blackstripe #
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topminnow, as compared to the other species at risk sampled. Another related species from the same taxonomic family, the mummichog Fundulus heteroclitus (L.), is captured effectively using seines (Allen et al., 1992). The tendency for Fundulus spp. to swim up in the water column ahead of the approaching seine, may make them more susceptible to capture with a seine than demersal species that try to swim under, or around, the net (Lyons, 1986; Allen et al., 1992; Holland-Bartels & Dewey, 1997; Snyder, 2003). Targeted sampling for speciﬁc imperilled species may require specialized sampling protocols which take into consideration species speciﬁc differences to maximize their effectiveness. Alternatively, standardized sampling protocols need to be accurate, precise and cost efﬁcient across a variety of species and habitat types. The results from this study suggest that electroﬁshing is well suited for standardized sampling protocols for imperilled species, although validation of this claim is required for other systems and species. When choosing gear types, biologists need to give greater consideration to the trade-off between differences in the risks of injury to ﬁsh species at risk associated with alternative gear types and differences in the sampling effectiveness of those gears. Recent literature has advocated seining over electroﬁshing in an attempt to reduce potential injuries and mortalities of ﬁshes (Nielsen, 1998; Snyder, 2003). Species at risk are a particular concern, because they are often found at low abundances. Although, the mortality caused by each sampling method was not measured, changing from electroﬁshing to seining will probably entail a reduction in precision and accuracy in estimating the distribution and abundance of ﬁsh species at risk. In addition, injuries incurred by seined ﬁshes remain poorly understood. The associated mortality of seining may be much higher than perceived as seines capture ﬁshes in bulk, thus increasing the handling time for each ﬁsh as compared to electroﬁshing. Furthermore, recent research has shown that electroﬁshing for ﬁshes at risk may induce low, but acceptable, levels of mortality in the study of endangered ﬁsh species (Ruppert & Muth, 1997; Holliman et al., 2003a, b). Therefore, in situations where injury of individual ﬁsh is a concern, biologists will need to weigh differences in the chances of injury of ﬁsh species at risk against differences in the effectiveness of each gear type when deciding between gear types. It may be better to develop electroﬁshing protocols that are less injurious to species at risk than to outright switch to seining. For example, this study shows that switching to seining would require sampling 14 more sites for sampling the eastern sand darter, two more sites for the greenside darter, and would not detect the spotted sucker (Table I). The selection of sampling gear is easily overlooked, yet rigorous, quantitative comparisons of gear types represent one way in which science can support existing imperilled species legislation and assist efforts to conserve native species. The selection of gear types may inﬂuence estimates of the distribution and abundance of ﬁshes due to differences in their sampling effectiveness (Holland-Bartels & Dewey, 1997) and, in turn, this may inﬂuence management decisions. Unreliable estimates of the distribution and abundance of ﬁsh species at risk can result in failure to list species that need protection, or result in the inappropriate assignment of designations to species that do not need protection (Hilton-Taylor et al., 2000). In addition, recovery plans are mandated by #
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imperilled species legislation in both the U.S. and Canada (Mace, 1994; Dextrase et al., 2003). Monitoring the distribution and abundance of species listed as ‘at risk’ is fundamentally important for assessing the success of those recovery plans. The approach employed here tested ﬁve independent predictions considering multiple sampling metrics (presence or absence and catch per unit effort) and multiple spatial scales (watershed and site level) and demonstrated that electroﬁshing was more effective than seining for sampling ﬁsh species at risk under a variety of environmental conditions. Although many studies have shown that electroﬁshing is the single most effective sampling method for characterizing ﬁsh assemblages in wadeable systems (Vincent, 1971; Hendricks et al., 1980; Gammon et al., 1981; Reynolds, 1996; Yoder & Smith, 1999), none have tested whether electroﬁshing was more effective against other gear types for sampling ﬁsh species at risk. Examinations speciﬁcally focusing on species at risk are important and needed because species at risk typically occur at lower abundances and in more restricted habitat types (Mace, 1994), which can make them more challenging to detect and sample than non-listed species. Sampling methods should reﬂect the species at risk biology, and by necessity, need to be accurate, precise and economically feasible so that species at risk can be effectively detected, enumerated, and properly assessed by conservation agencies. Funding was provided by the Department of Fisheries and Oceans Canada Species at Risk Program (SARCEP) and the federal Interdepartmental Recovery Fund (IRF) to NEM and a Natural Sciences and Engineering Research Council Discovery Grant to R.L.M. Thanks to the Department of Fisheries and Oceans, Environment Canada and the Royal Ontario Museum for contributing resources and assisting with the completion of this study, M. Finch, J. Keenliside, M. Parslow and S. Foley for their dedicated ﬁeld sampling, A. Dextrase, S. Staton, J. Barnucz, T. Heiman, J. Clark, F. Neave and T. den Haas for their technical advice, D. A. Jackson for statistical advice and assistance, and, D. L. G. Noakes, R. J. Wootton and anonymous reviewers for their constructive comments on earlier drafts of this manuscript. Research protocols were approved by the University of Guelph Animal Care Committee (Animal Use Protocol #03R055).
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