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Rapid River Brook Trout Genetics

Background: 

Brook trout inhabiting Rapid River, Androscoggin River drainage, Maine, are threatened by an illegal introduction of smallmouth bass. The Maine Department of Inland Fisheries and Wildlife is considering starting a brood line of Rapid River brook trout to prevent their extirpation.

Objectives: 

The objectives of this study were to analyze and quantify genetic diversity of brook trout within Rapid River (hereafter referred to as RR) to (1) test the hypothesis that RR brook trout were genetically distinct from brook trout found in nearby Lower Magalloway River (LMR), Oxford County, Maine, and to (2) determine the genetic relationship of RR brook trout with other surrounding populations from Maine examined in Castric et al. (2001a). 

Materials and Methods:

Individual brook trout (n = 30) from RR were analyzed with six microsatellite loci. Such microsatellite loci are genomic regions that evolve quickly and are neutral and relatively widespread in the genome. Thus, they are particularly effective for characterizing the genetic composition of closely related populations. Of the six loci used, five had been used in previous studies (details provided in Castric et al. 2000). A sixth locus, SfoC86 (TL King, unpublished, U.S. Geological Survey, Kearneysville, VA) was substituted for the locus Mst85 because it amplified more cleanly and facilitated easier allele scoring. Consequently, brook trout from LMR were also analyzed at this locus for samples used in Castric et al. (2001b). DNA was first extracted from ethanol-preserved tissue by successive washing in phenol and chloroform until sufficiently clean DNA was obtained. We scored alleles within RR by running two standard individuals previously scored from LMR on all gels.

1. Hardy-Weinberg Equilibrium in RR and LMR was evaluated. Linkage disequilibrium tests were also conducted between all pairs of loci. This allowed us to determine if RR could be considered a randomly mating population and if the information obtained at each locus was independent. 

2. The observed and expected heterozygosities of RR and LMR brook trout were determined, as well as the numbers of alleles at each microsatellite locus. These analyses provided an indication of the total amount of genetic diversity within RR and LMR. 

3. Genetic differentiation (FST) between RR and LMR was compared to determine if RR brook trout were genetically distinct from LMR brook trout, using a permutation test for population differentiation.

4. Genetic differentiation (FST) of RR and LMR brook trout was also compared to other brook trout populations in the Androscoggin drainage (Kennebago Lake = A1; Long Pond = A2) and to populations from the next closest drainage (Kennebec) analyzed by Castric et al. (2001a) (Rock Pond = K1; Massachussetts Bog = K2; Round Pond = K3). We also graphically represented multilocus genotypes of individuals from populations in multivariate space (FCA). This analysis provided information at the individual level to determine to which populations RR individuals clustered the closest.

Results: 

1. There was no indication of deviations from Hardy-Weinberg equilibrium at the six loci, suggesting random mating within each sample (LMR and RR). There was also no evidence of linkage disequilibrium between any pairs of loci, supporting that each contributed independent information on the genetic diversity with samples.

2. RR genetic diversity was lower than LMR (expected heterozygosity = 0.62 vs. 0.71, mean number of alleles per locus 7.0 vs. 10.3), but consistent with that found in other Maine populations (Castric et al. 2000, 2001a).

3. The value of genetic differentiation between RR and LMR was significant (FST = 0.04; P<0.001). This result confirms that RR represents a genetically distinct population from LMR. Note the differing allele frequency distribution between RR and LMR at several loci in Fig. 1.

4. Compared with other populations analyzed in Castric et al. (2001a), brook trout from RR and LMR were also genetically differentiated (FST) from all others (P<0.001 for all pairwise comparisons); fish collected from RR were nonetheless more similar to LMR than all other populations (data not shown). Figure 2 illustrates the genetic relationships of individuals from RR and LMR with surrounding populations from the Androscoggin (A1, A2) and Kennebec River drainages (K1, K2, K3). Note that RR individuals cluster the most strongly with LMR individuals, followed by A1 and then A2.  

Discussion:
· The results support the hypothesis that Rapid River brook trout represent a genetically distinct population from brook trout found in the Lower Magalloway River. The results also suggest that Rapid River and Lower Magalloway brook trout are more closely related to each other than to all other populations examined in the Androscoggin and Kennebec River drainages.  

· These results suggest that a brood line for Rapid River brook trout started from Rapid River brook trout itself would represent the best approach for population rehabilitation. However, in the event that ample broodstock is unavailable from Rapid River, the next closest potential broodstock source for rehabilitation in the Androscoggin drainage should come from Lower Magalloway River, followed by Kennebago Lake, and lastly Long Pond.  
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Figure 1: Allele frequency distributions at six microsatellite loci between the Lower Magalloway River (at left in each graph) and the Rapid River (at right in each graph), showing that the two are geneticially distinct populations.
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Figure 2: A graphical representation of genetic resemblance among individuals from brook trout populations in Androscoggin and Kennebec River drainages from Maine. A1 = Kennebago Lake; K1 = Rock Pond; K2 = Massachussetts Bog; K3 = Round Pond (from Castric et al. 2000; 2001a); LMR = Lower Magalloway River (from Castric et al. 2001b; RR = Rapid River (this study); A2 = Long Pond (Castric et al. 2000). Arrows point towards the mean FC1/FC2 values (cross symbols) for each population sampled in the Androscoggin drainage.    
























































