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ABSTRACT: The endohelminth component communities of creek chub (Semotilus atromaculatus) were studied in southeastern Nebraska to determine whether parasite community similarity corresponded to drainage identity. Creek chub were sampled from 12 sites on 3 drainages of the Big Nemaha River system during 4 periods from summer, 2003 to summer, 2005. Analysis of similarity (ANOSIM), cluster analyses, and ordination suggested that community similarity was more similar among sites within drainages than among drainages. Vector analysis and indicator species analysis demonstrated that the distributions of 2 of the parasite species, Paulisentis missouriensis (Acanthocephala) and Rhabdochona canadensis (Nematoda), were highly aggregated among drainages. Allocreadium lobatum (Trematoda) and Proteocephalus sp. (Cestoda) occurred more uniformly among sites and drainages. Procrustean analyses suggested that drainage-level differences in species composition better explained the spatial pattern of community similarity than did physical distance. These results suggest that there are predictable differences in component communities among drainages.
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Recent work on animal communities in streams suggests that community composition varies consistently with the fluvial hierarchy, i.e., among levels of organization such as watersheds, drainages, rivers, reaches, etc. (Matthews and Robison, 1998; Angermeier and Winston, 1999; Parsons et al., 2004). Correspondence between community structure and the physical structure of a watershed suggests that suites of environmental factors that covary at a particular level of organization determine the processes that govern community structure at that level (Parsons et al., 2003), or that historical constraints on species distributions persist in the system (Matthews and Robison, 1998). Alternatively, community properties can vary across space due to spatially-correlated stochastic effects that produce a pattern of decreasing similarity with increasing distance (Nekola and White, 1999). Some studies have found evidence that multiple processes are evident in animal communities in streams (Thompson and Townsend, 2006).

Many studies of parasite communities have examined distance effects (Poulin, 2003; Karvonen et al., 2005; Fellis and Esch, 2005a,b), including those in watersheds (Barger and Esch, 2001; Karvonen and Valtonen, 2004). However, studies of parasite communities in streams have not addressed whether the physical structure of a watershed corresponds to community structure or similarity. Recent studies on whitefish parasites have examined patterns of community similarity among lakes interconnected by rivers. However, these studies focused on distance among lakes (Karvonen and Valtonen, 2004) and limnological properties of lakes (Goater et al., 2005) as the primary determinants of community similarity.

Barger (2006) found that regional parasite species pools and properties of infracommunities (richness, abundance) of creek chub (Semotilus atromaculatus) varied among drainages in the Big Nemaha River in Nebraska, U.S.A. However, patterns of component community structure were not addressed by that study. The goal of the present investigation was to determine if component community structure of endohelminths in creek chub varied consistently among drainages in the Big Nemaha River system in southeastern Nebraska. Further, the study assessed whether the abundance and distribution of different parasite species varied among drainages and analyzed whether the spatial pattern of community similarity is better explained by discrete differences among drainages or distance effects.
MATERIALS AND METHODS
Details concerning the watershed and sampling protocol can be found in Barger (2006); an abbreviated description follows. The Big Nemaha River system (BNR) drains the southeastern corner of Nebraska and the northeastern corner of Kansas, and its watershed consists of 4 major tributaries: Muddy Creek (MC); South Fork BNR (SF); North Fork BNR (NF); and, Turkey Creek (TC). Two sets of sites were sampled in the present investigation. The first set (filled circles, Fig. 1) included 4 sites on each of 3 BNR drainages (MC, SF, and TC) from which creek chub were sampled during 4 time periods: 9-27 July 2003 (summer 2003); 7-12 March 2004 (spring 2004); 24 Feb-7 March, 2005 (spring 2005); and, 17-20 July, 2005 (summer 2005). Creek chub were collected using 0.63 cm mesh seines, transported to the laboratory in aerated stream water, and necropsied within 24 hr. Thirty creek chub representing the entire size range were sought for each sample from each of these sites. However, most samples were ~25 creek chub, and in a few cases, samples of less than 20 fish were used (Table I). The data from these samples were the basis of all subsequent statistical analyses.

The second set of sites included 5 localities, 4 of which are on the NF and 1 of which is in the downstream region of MC (open circles, Fig. 1). These additional samples were collected during 2005 and 2006 to provide information on the distribution of the helminths in the North Fork drainage and in a stream of the Muddy Creek drainage closer to its confluence with the South Fork drainage. The data from these sites were not used in statistical analyses.
Creek chub were necropsied using standard techniques. Intestines were removed, dissected with the aid of a microscope; worms were removed, relaxed, stained, mounted, and identified. Four helminths were present: 1 trematode (Allocreadium lobatum); 1 cestode (Proteocephalus sp.); 1 nematode (Rhabdochona canadensis); and 1 acanthocephalan (Paulisentis missouriensis). Voucher specimens of each helminth were deposited in the Harold W. Manter Laboratory of Parasitology, University of Nebraska State Museum, Lincoln, Nebraska (A. lobatum, HWML 16480; Proteocephalus sp., HWML 48165; R. canadensis, HWML 16481; P. missouriensis, HWML 16478, 16479). Parasitological terms follow Bush et al. (1997).
Analysis of similarity (ANOSIM) was used to determine if parasite community structure was more similar within drainages than among drainages. Dissimilarity matrices for quantitative data (Bray-Curtis dissimilarity index with species’ mean abundances standardized to unit maxima) and presence/absence data (Jaccard dissimilarity index) were calculated by site for data from each of the 4 sample dates. ANOSIM was run in DECODA (Minchin, 2005), utilizing Monte-Carlo significance tests with 10,000 iterations (α=0.05). ANOSIM was supplemented with a cluster analysis (Bray-Curtis index; UPGMA) on mean abundances for each sample date to assist in interpretation.
The influence of individual species distributions on the pattern of community similarity among drainages was determined with indicator species analysis (conducted in PC-ORD; McCune and Mefford, 1999). Indicator species analysis calculates the degree of fidelity in occurrence and abundance of taxa among sites in different sample sets. Those species whose distributions are highly aggregated among a priori defined sample sets (drainages, in the present investigation) have high indicator values (range from 0-100), i.e., their distributions are highly diagnostic of drainages. For each of the 4 sample dates, indicator values calculated for each species among the 3 drainages were tested for significance using a Monte Carlo approach with 1,000 iterations (α=0.05).

Multidimensional ordinations of samples were produced in DECODA using non-metric multidimensional scaling (NMDS). NMDS uses quantitative data on species at multiple sites to construct a dissimilarity matrix, from which a multidimensional solution is sought that places samples in ordination space such that the distance between all pairs of sites is as similar as possible to their dissimilarities in the matrix (Fasham, 1977; Kenkel and Orloci, 1986; Minchin, 1987). To examine the spatial pattern of overall community structure, NMDS was run using the default settings (global NMDS; random start) in DECODA for each sample date using Bray-Curtis index of dissimilarity on mean abundance (standardized to maximum abundance of species). Both 2-dimensional and 3-dimensional solutions were saved and examined for significant differences in topology (2-D solutions were chosen; reduction in stress with additional axes was negligible) Whether species abundances were associated with community similarity was assessed with vector fitting. DECODA finds the best fit of each species’ abundance through the configuration of sample points in the ordination and uses a Monte-Carlo approach (10,000 iterations) to determine if that fit is significantly better than expected by chance (α=0.05).

For each sample date, the ordination based on quantitative data (see above) was compared using procrustean analysis to 3 other ordinations: 1) an ordination (NMDS from DECODA) of sample sites utilizing only presence/absence data (Jaccard index); 2) an ordination of sample sites utilizing the distance among sample sites along the stream course (stream distance) produced in SAS (PROC MDS, level=ordinal); and, 3) an ordination of sample sites utilizing straight-line geographical distances among sample sites, e.g., geographical coordinates (map distance). Procrustean analysis in DECODA rotates, reflects, and scales ordinations to maximize their fit to the reference ordination, and then calculates the residual mean square (RMS) for each fit. RMS is a measure of the degree to which the configuration of points in 2 ordinations deviate from each other; thus, lower RMS values indicate better fit between ordinations. The significance of each fit was assessed using PROTEST software (Jackson, 1995).
RESULTS
ANOSIM revealed that drainage membership was significantly associated with parasite community structure in 3 of 4 samples when using quantitative community data and all 4 samples when using presence/absence data. For quantitative data, ANOSIM R and p-values were as follows: summer 2003 (R=0.52; p<0.001); spring 2004 (R=0.24; p=0.088); spring 2005 (R=0.56; p=0.001); summer 2005 (R=0.41; p<0.001). For presence/absence data, ANOSIM R and p-values were as follows: summer 2003 (R=0.31; p=0.016); spring 2004 (R=0.47; p=0.001); spring 2005 (R=0.66; p<0.001); summer 2005 (R=0.45; p<0.001). Cluster analyses (Fig. 2) were consistent with the results of ANOSIM, with sites within drainages clustering together to the exclusion of sites from other drainages in most cases. Overall, regardless of similarity index, intra-drainage dissimilarities were highest in MC (0.57-0.75 for Bray-Curtis; 0.33-0.61 for Jaccard), intermediate in TC (0.32-0.66 for Bray-Curtis; 0.17-0.49 for Jaccard), and lowest in SF (0.40-0.45 for Bray-Curtis; 0-0.17 for Jaccard). Sites from SF displayed the highest tendency to cluster to the exclusion of other sites, sites from MC displayed the least such tendency, and sites from TC were intermediate in this regard (Fig. 2).
The PROTEST comparisons of presence/absence versus community ordinations were always significant, whereas comparisons of distance and community ordinations were significant only in the spring, 2004 and summer, 2005 samples. Ordinations based on presence/absence of species were always more closely associated with the ordinations based on community data than were ordinations based on distance. Ordinations of community data (Fig. 4) were consistent with the results of the ANOSIM and cluster analyses. The abundance of P. missouriensis was significantly associated with overall community similarity in 3 out of 4 samples, and the abundance of A. lobatum was associated with community similarity in 2 out of 4 samples; the abundances of Proteocephalus sp. and R. canadensis were associated with community similarity in 1 each of the 4 samples (Fig. 4). The abundance of P. missouriensis and of R. canadensis appeared to discriminate among drainages, whereas the abundances of the other 2 parasites were associated with other gradients of community structure (compare vectors to the pattern of sites in Fig. 4).
Indicator species analyses found that the distribution and abundance of R. canadensis (IV = 93.9-99.7; p<0.01 in all 4 samples) and P. missouriensis (IV = 57.3-89.1; p<0.05 in all 4 samples) were highly aggregated among drainages, as is also evident from Figure 5. In all 4 samples, the abundance of these 2 species successfully differentiated MC, TC, and SF communities. TC and MC communities grouped together based on the nearly complete absence in both drainages of R. canadensis compared to high abundance of this worm in SF; TC and SF communities grouped together based on shared presence in those drainages of P. missouriensis and the absence of this species in MC). The indicator values for A. lobatum (IV = 43.3-64.3; p>0.20 in all 4 samples) and Proteocephalus sp. (IV = 35.8-47.2; p>0.50 in all 4 samples) did not differentiate among drainages in any of the 4 samples.

Samples from the NF drainage and Halfbreed Creek from the MC drainage were similar to those from the remainder of the MC drainage (Table II). Allocreadium lobatum and Proteocephalus sp. were widely distributed, R. canadensis occurred at only 1 site, and P. missouriensis was absent.
DISCUSSION

The present investigation found that similarity among parasite component communities of creek chub corresponded to the drainage from which communities came. Samples from the same drainage shared in common properties of community composition much more so than did samples from different drainages. In 3 out of the 4 sample dates (summer, 2003; spring, 2005; summer, 2005), there was very good to perfect correspondence between community similarity and drainage identity. Communities from the SF drainage always clustered together to the exclusion of other sites. With the exception of the spring 2004 sample, communities from TC tended to cluster together, as well. Only the communities from the MC drainage failed to show a consistent tendency to cluster together. This is likely due to the lower species richness and abundance of parasites at the MC sites, leading to very high compositional dissimilarities (see Results).

Sample sites within drainages were physically closer to each other than sites among drainages. This was true whether the measure of distance was along the stream course (stream distance) or straight-line distance (map distance). Because of this, the observed correspondence of community similarity with drainage identity is confounded by distance effects. Community similarity often (Poulin, 2003; Karvonen and Valtonen, 2004; Fellis and Esch, 2005b), but not always (Poulin, 2003; Fellis and Esch, 2005a), declines with distance among sampling sites, a phenomenon known as distance decay. Distance decay can arise due to limited dispersal of species comprising the community and/or spatial autocorrelation of environmental factors that affect community structure.
All four of the parasite species in this study utilize creek chub as definitive hosts; none are allogenic. Thus, dispersal likely is limited to the movement of fishes and aquatic intermediate hosts. Creek chub tend to be restricted to small-order streams (Dinsmore, 1962; Heithaus and Grame, 1997; pers. obs.). All of the streams used in the present investigation are 1st-order or 2nd-order, and most sites are separated by much larger streams and rivers, the latter of which do not generally provide suitable habitat for creek chub (Heithaus and Grame, 1997). Thus, it seems unlikely that there is much movement of creek chub among drainages over time scales that would influence the patterns observed in the present investigation.
Environmental data were not collected on the sites or streams included in this study. Thus, currently it is not possible to fully evaluate the effects of spatial autocorrelation on the observed pattern of community structure. However, the additional data collected from the southern part of MC and from sites within the NF drainage shed some light on the issue. The sample from the southern part of the MC came from a stream close to the confluence of the MC and SF drainages. Nevertheless, creek chub from this site were not infected with either P. missouriensis or R. canadensis like creek chub from the SF. The samples from the NF revealed parasite community composition similar to that observed in the MC, as well; again, P. missouriensis was absent and R. canadensis occurred at only 1 of 4 sites. These data suggest that neither map distance nor stream distance per se underlie the pattern of community similarity in this system. Unfortunately, data from these sites could not be included in the analyses because they were not collected contemporaneously with the data from the 12 primary sites. Therefore, the above conclusions remain tentative.
Although distance effects cannot be ruled out as a contributor to the pattern of community structure, procrustean analyses revealed that simple presence/absence of parasite species corresponds more closely to community ordinations than either stream or map distance. Indicator species analyses and vector-fitting in ordination space suggested that differentiation of community similarity among drainages is confined to the distributions of P. missouriensis and R. canadensis. Paulisentis missouriensis occurred in both the SF and TC drainages, but was absent from the streams of the MC drainage. Rhabdochona canadensis occurred abundantly in the streams of the SF drainage but only sporadically in the streams of the other 2 drainages (Fig. 5). Together, the abundance of these two parasites allows association of a parasite community sample with its drainage: SF (P. missouriensis and R. canadensis both abundant); TC (P. missouriensis abundant; R. canadensis rare); MC (P. missouriensis absent; R. canadensis rare). 
In contrast, the remaining 2 parasite species (A. lobatum and Proteocephalus sp.) were more uniformly distributed among drainages (Fig. 5) and did not differentiate among drainages in indicator species analyses. In some samples, the abundances of these species did correlate with the pattern of similarity among sites in ordination space. However, those correlations were not associated with drainage identity. Factors other than those associated with drainages are apparently at work controlling the abundance of these species.
The existence of drainage-level patterns of community composition has been demonstrated in other taxa and systems (Matthews and Robison, 1998; Angermeier and Winston, 1999; Parsons et al., 2004). For instance, Matthews and Robison (1998) demonstrated that the similarity of piscine communities in drainages in the interior highlands of Arkansas corresponded to the pattern of connectivity among drainages at several levels of organization. However, such relationships have not been investigated widely among parasite communities.

The most similar recent studies of fish parasite communities are those of Karvonen and Valtonen (2004) and Goater et al. (2005), both of which examined the parasite fauna of whitefish in lakes interconnected by rivers. Although Karvonen and Valtonen (2004) emphasized the pattern of distance decay in their analysis of component communities from 8 lakes interconnected by 3 drainages (3 lakes in each of 2 drainages; 2 lakes in the remaining drainage) in Finland, at least some of the variation in community structure in that study could be attributed to what appear to be discrete differences among drainages: Triaenophorus crassus and Salmincola extensus each occurred in the 3 lakes of 1 drainage, but in no lake of the other 2 drainages; Ergasilus sieboldi occurred in the 6 lakes of the 2 largest drainages but not the 2 lakes of the other drainage; and, mean component community species richness among drainages was 9, 6.7, and 4. In contrast, Goater et al. (2005) found that component community similarity of whitefish parasites in Alberta varied most with limnological characteristics rather than drainage structure, but that study did not test for the effects of distance. Other similar studies of the relationship between watershed structure and parasite community structure are lacking, although Barker et al. (1996) found that, when examined over a range of levels of organization, species richness of specialist parasites of eels reached an asymptote at the watershed level.

Streams and their watersheds are good models for the study of the spatial patterning of animal communities because these communities vary consistently among habitats and because the occurrence of the habitats themselves is constrained by larger-scale geomorphological processes coincident with the physical hierarchy of the stream (Parsons et al., 2004). However, distance among locales will often be correlated with these habitat-oriented features of the watershed. Some studies in streams have succeeded in decoupling these effects (Thompson and Townsend, 2006), but nonetheless have found evidence that both sets of factors are important for structuring communities within and among watersheds. Similar problems have been addressed in studies of terrestrial and lentic communities (Fellis and Esch, 2005b; Krasnov et al., 2005), where it is difficult to differentiate between gradual changes in community structure with distance and the effects of range boundaries of hosts and parasites. The largest weakness of the current investigation is that the pattern of sites among drainages confounds drainage membership and distance among sites. Future studies of the spatial ecology of parasite communities in streams should attempt to sample sites so that distance and features of the watershed hierarchy are decoupled. If conducted, such studies will provide a much more comprehensive understanding of the true patterns of community composition across space in lotic systems.
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[image: image1.emf]Table I. Number of creek chub (N) and average and ranges of creek chub lengths (mm)  from 12 sites and 4 sampling dates.              Summer, 2003  Spring, 2004  Spring, 2005  Summer, 2005             Site*  N  Mean fish  length (range)  N  Mean fish  length (range)  N  Mean fish  length (range)  N  Mean fish  length (range)             LM1  15  89 (64 - 120)  29  104 (69 - 194)  22  93 (63 - 145)  25  84 (63 - 104)   LM2  30  85 (68 - 110)  19  100 (68 - 159)  18  80 (58 - 121)  22  102 (75 - 151)   MAC  30  121 (71 - 180)  27  124 (52 - 196)  27  120 (55 - 160)  15  99 (6 2 - 142)   SAR  25  80 (60 - 139)  27  110 (69 - 147)  27  89 (57 - 163)  21  93 (64 - 158)   SPR  28  79 (58 - 144)  30  101 (56 - 185)  23  96 (45 - 140)  24  92 (61 - 148)   EAS  28  112 (75 - 195)  30  90 (68 - 112)  30  95 (54 - 130)  30  97 (60 - 180)   4MI  26  121 (67 - 165)  28  106 (50 - 165)  26  96 (62 - 170)  18  93 (41 - 156)   HON  25  93 (59 - 190)  30  98 (65 - 127)  25  91 (45 - 143)  28  110 (70 - 190)   WBT  29  96 (65 - 151)  30  106 (60 - 160)  29  64 (53 - 80)  30  88 (64 - 155)   BB  27  83 (53 - 124)  25  86 (55 - 141)  18  92 (58 - 149)  26  87 (62 - 124)   JON  28  31 (27 - 36)  15  116 (55 - 197)  21  110 (65 - 165)  20  89 (42 - 150)   TUR  30  91 (61 - 150)  27  83 (49 - 130)  26  77 (40 - 133)  20  89 (42 - 138)     * Site codes as in Fig. 1.    




[image: image2.emf]Table II. Number of creek chub (N), sampling date, and presence (+) or absence ( -- ) of  Allocreadium lobatum  (AL),  Proteocephalus  sp. (PS),  Rhabdochona canadensis  (RC),  and  Paulisentis missouriensis  (PM) at 5 sites on the North Fork and lower Muddy Creek  dr ainages.               Parasite Species            Site  N  Date  AL  PS  RC  PM           HB  20  May/Sept., 2006  +  +  --  --   LB  24  July, 2006  +  +  --  --   YC  26  July, 2006  +  +  +  --   CB  16  Sept., 2005  +  --  --  --   CC  20  July, 2006  +  +  --  --     * Site codes as in Fig. 1.      



FIGURE LEGENDS
Figure 1. Map of southeast Nebraska showing region of the Big Nemaha River system and sites used in the present investigation. Filled circles: sites used for the statistical analyses included those on the Muddy Creek drainage (Little Muddy Creek 1 [LM1], Little Muddy Creek 2 [LM2], Sardine Creek [SAR], and Mackelroy Creek [MAC]); those on the South Fork drainage (Fourmile Creek [4MI], Easly Creek [EAS], Spring Creek [SPR], and Honey Creek [HON]); those on the Turkey Creek drainage (Turkey Creek [TUR], Balls Branch [BB], West Branch Turkey Creek [WBT], and Johnson Creek [JON]). Open circles: sites used to confirm helminth distributions included those on the North Fork drainage (Yankee Creek [YC], Corson Branch [CB], Clear Creek [CC], and Long Branch [LB]) and 1 site on MC (Halfbreed Creek [HC]).
Figure 2. UPGMA cluster diagrams (mean abundance; Bray-Curtis dissimilarity index) for 12 sites for each of 4 sampling dates. Site codes are as in Figure 1: sites in normal text are from Muddy Creek drainage; sites in bold are from South Fork drainage; sites in italics are from Turkey Creek drainage.
Figure 3. Root mean square (RMS) from procrustean comparison of ordinations based on presence/absence, stream distance, and map distance among sites to ordinations based on quantitative data. Open bars: presence/absence vs. quantitative data; hatched bars: stream distance vs. quantitative data; solid bars: map distance vs. quantitative data. Significance of PROTEST randomization test (α=0.05) indicated by asterisk above bar.
Figure 4. Non-metric multidimensional scaling ordinations of sample sites using Bray-Curtis index on standardized mean abundances for each of 4 sample dates. Vectors of parasite species abundance are shown that showed a significant correlation with the configuration in Monte-Carlo simulations. Solid circles: sites from South Fork (SF) drainage; solid rectangles: sites from Turkey Creek (TC) drainage; solid triangles: sites from Muddy Creek (MC) drainage.
Figure 5. Mean abundances of Paulisentis missouriensis, Rhabdochona canadensis, Allocreadium lobatum, and Proteocephalus sp. from 48 samples. Site codes are as in Figure 1; left column is summer 2003 (hatched) and spring 2004 (open); right column is spring 2005 (hatched) and summer 2005 (open).
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Table I. Number of creek chub (N) and average and ranges of creek chub lengths (mm) from 12 sites and 4 sampling dates.


		

		

		

		

		

		

		

		

		



		

		Summer, 2003

		Spring, 2004

		Spring, 2005

		Summer, 2005



		

		

		

		

		

		

		

		

		



		Site*

		N

		Mean fish length (range)

		N

		Mean fish length (range)

		N

		Mean fish length (range)

		N

		Mean fish length (range)



		

		

		

		

		

		

		

		

		



		LM1

		15

		89 (64-120)

		29

		104 (69-194)

		22

		93 (63-145)

		25

		84 (63-104)



		LM2

		30

		85 (68-110)

		19

		100 (68-159)

		18

		80 (58-121)

		22

		102 (75-151)



		MAC

		30

		121 (71-180)

		27

		124 (52-196)

		27

		120 (55-160)

		15

		99 (62-142)



		SAR

		25

		80 (60-139)

		27

		110 (69-147)

		27

		89 (57-163)

		21

		93 (64-158)



		SPR

		28

		79 (58-144)

		30

		101 (56-185)

		23

		96 (45-140)

		24

		92 (61-148)



		EAS

		28

		112 (75-195)

		30

		90 (68-112)

		30

		95 (54-130)

		30

		97 (60-180)



		4MI

		26

		121 (67-165)

		28

		106 (50-165)

		26

		96 (62-170)

		18

		93 (41-156)



		HON

		25

		93 (59-190)

		30

		98 (65-127)

		25

		91 (45-143)

		28

		110 (70-190)



		WBT

		29

		96 (65-151)

		30

		106 (60-160)

		29

		64 (53-80)

		30

		88 (64-155)



		BB

		27

		83 (53-124)

		25

		86 (55-141)

		18

		92 (58-149)

		26

		87 (62-124)



		JON

		28

		31 (27-36)

		15

		116 (55-197)

		21

		110 (65-165)

		20

		89 (42-150)



		TUR

		30

		91 (61-150)

		27

		83 (49-130)

		26

		77 (40-133)

		20

		89 (42-138)





* Site codes as in Fig. 1.
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Table II. Number of creek chub (N), sampling date, and presence (+) or absence (--) of Allocreadium lobatum (AL), Proteocephalus sp. (PS), Rhabdochona canadensis (RC), and Paulisentis missouriensis (PM) at 5 sites on the North Fork and lower Muddy Creek drainages.


		

		

		

		

		

		

		



		

		

		

		

		Parasite Species

		



		

		

		

		

		

		

		



		Site

		N

		Date

		AL

		PS

		RC

		PM



		

		

		

		

		

		

		



		HB

		20

		May/Sept., 2006

		+

		+

		--

		--



		LB

		24

		July, 2006

		+

		+

		--

		--



		YC

		26

		July, 2006

		+

		+

		+

		--



		CB

		16

		Sept., 2005

		+

		--

		--

		--



		CC

		20

		July, 2006

		+

		+

		--

		--





* Site codes as in Fig. 1.



