
 

 

 

 

 

Seasonal Movement and Habitat Use of Eastern Brook Trout, Salvelinus 
fontinalis, in a Mountain Stream in Northern NH 

 

by 
 

Rachel E. D. Whitaker 
B.S. Environmental Science, Lyndon State University, 2009 

 
 

THESIS 
 

Submitted to Plymouth State University 
in Partial Fulfillment of 

Master of Science 
in 

Biology 
 

August 2011 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	   II	  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

© Copyright by Rachel E. D. Whitaker 

August 17, 2011 

All Rights Reserved 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 



	   III	  

This thesis has been examined and approved. 

 
 
 
 
________________________________________ 
Thesis Director, Brigid C. O’Donnell, Ph.D. 
Professor of Biology, Plymouth State University 
Department of Biology 
 
 
 
________________________________________ 
Leonard Reitsma, Ph.D. 
Professor of Biology, Plymouth State University 
Department of Biology 
 
 
 
________________________________________ 
John A. Magee 
Habitat Biologist 
New Hampshire Fish and Game Department 
 
 

___________________________________ 
Date 

 
 
 
 
 
 
 

I understand that my thesis will become part of the permanent collection of Plymouth 
State University, Lamson Library. My signature below authorizes release of my thesis 
to any reader upon request. 
 
 

___________________________________ 
Rachel E. D. Whitaker, Author 



	   IV	  

ACKNOWLEDGEMENTS 

I would like to thank Dianne Timmins, John Magee, and Dr. Len Reitsma for 

serving on my thesis committee and frequently giving me advice throughout this 

process. I would also like to thank John Magee for encouraging me to pursue my 

master’s degree and providing me with the opportunity to collect my data as part of 

New Hampshire Fish and Game research. I would like to thank Dr. Brigid O’Donnell, 

John Magee, Dianne Timmins, Andy Schafermeyer, Ben Nugent, Emma Lundberg, 

Whitney Meister, and Morgan Parker for assistance in the field. I would like to thank 

the New Hampshire Fish and Game Region I staff for their continual support during 

my field season 2010. I would also like to thank the following people, without whom 

this would not have been possible: Dr. Tom Boucher for his ever-patient help with my 

statistical analysis and Dr. Meredith Bartron for conducting the genetic analysis 

associated with my project. I would also like to thank the New Hampshire Fish and 

Game Department for the use of PIT tags and associated equipment and the United 

States Fish and Wildlife Service for providing grant money to begin the Nash Stream 

Restoration project – under which I collected my data in 2010. I would like to thank 

my family for their love and support through my long days of data collection and 

writing – especially my husband, Scott, my mom, Ruth, and my father, Mike. I would 

like to extend a special thank you to Dr. Brigid O’Donnell for being a supportive and 

caring advisor in the field, through countless hours of meetings, and many drafts of 

this thesis. Thank you all! 

 



	   V	  

TABLE OF CONTENTS 

 

LIST OF FIGURES .......................................................................................... VI 

LIST OF TABLES .......................................................................................... VIII 

LIST OF APPENDICES ................................................................................... IX 

ABSTRACT ....................................................................................................... X 

INTRODUCTION ............................................................................................... 1 

METHODS ........................................................................................................ 15 

RESULTS .......................................................................................................... 33 

DISCUSSION .................................................................................................... 42 

LITERATURE CITED ...................................................................................... 56 

FIGURES AND TABLES ................................................................................. 73 

APPENDIX ...................................................................................................... 102 
  



	   VI	  

LIST OF FIGURES 

1 Map of Nash Stream Watershed .................................................................... 73 

2 Map of Emerson Brook ................................................................................. 74 

3 Lower Waterfall on Emerson Brook .............................................................. 75 

4 Upper Waterfall on Emerson Brook .............................................................. 76 

5 Fyke Nets in Emerson Brook ......................................................................... 77 

6 Scale Sample and Microprojector .................................................................. 78 

7 PIT Tag Wanding Unit .................................................................................. 79 

8 Habitat Survey Riffle and Pool Samples ....................................................... 79 

9 Habitat Survey Instream Wood Jam  ............................................................. 80 

10 Habitat Survey Instream Log ......................................................................... 81 

11 Habitat Survey Instream Wood Not Included ............................................... 82 

12 Temperature in Emerson Brook Summer 2010 ............................................. 83 

13 Water Level in Emerson Brook Summer 2010 .............................................. 84 

14 pH in Emerson Brook Summer 2010 ............................................................. 85 

15 Age Distribution in Emerson Brook Summer 2010 ...................................... 86 

16 Fyke Net Fish in Emerson Brook .................................................................. 87 

17 Age Distribution for Fyke Net Fish in Emerson Brook ................................. 88 

18 Habitat Distribution in Emerson Brook ......................................................... 89 

19 Instream Wood Distribution in Emerson Brook ............................................ 90 

20 Brook Trout Biomass vs Pool Habitat Present in Emerson Brook ................ 92 

21 Brook Trout Biomass vs Riffle Habitat Present in Emerson Brook .............. 93 

22 Brook Trout Biomass vs Instream Logs in Emerson Brook .......................... 94 



	   VII	  

23 Brook Trout Biomass vs Instream Wood Jams in Emerson Brook ............... 94 

24 Brook Trout Biomass vs Cascade Habitat Present in Emerson Brook .......... 95 

25 Total Movement vs Length of Fish in Emerson Brook (Reach Two) ........... 96 

26 Average Movement Per Day vs Length of Fish in Emerson Brook (All Fish)
 ....................................................................................................................... 96 

27 Average Movement Per Day vs Length of Fish in Emerson Brook (Reach One)
 ....................................................................................................................... 97 

28 Average Movement Per Day vs Length of Fish in Emerson Brook (Reach 
Two) ............................................................................................................... 97 

29 Average Movement Per Day vs Age of Fish in Emerson Brook (Reach Two)
 ....................................................................................................................... 98 

30 Average Movement Per Day vs Reach in Emerson Brook (Age One Fish) .. 98 

31 Average Movement Per Detection vs Date in Emerson Brook (All Fish) .... 99 

32 Average Movement Per Detection vs Date in Emerson Brook (Reach One) 
 ....................................................................................................................... 99 

33 Average Movement Per Detection vs Date in Emerson Brook (Reach Two)
 ....................................................................................................................... 100 

34 Average Movement Per Detection vs Date in Emerson Brook (Age Zero Fish)
 ....................................................................................................................... 100 

35 Average Movement Per Detection vs Date in Emerson Brook (Age One Fish)
 ....................................................................................................................... 101 

36 Average Movement Per Detection vs Date in Emerson Brook (Reach One/Age 
Zero Fish) ....................................................................................................... 101 

37 Average Movement Per Detection vs Date in Emerson Brook (Reach Two/Age 
One Fish) ....................................................................................................... 102 

38 Total Movement vs Time Detected in Riffles in Emerson Brook (All Fish). .102 



	   VIII	  

 
 

LIST OF TABLES 

1 Monthly Average Water Temperatures in Emerson Brook ........................... 84 

2 Age Cohort Distribution in Emerson Brook Summer 2010 .......................... 86 

3 Habitat Distribution in Emerson Brook (sq m) .............................................. 90 

4 Instream Wood Distribution in Emerson Brook (sq m) ................................. 90 

5 Emerson Brook Genetic Analysis .................................................................. 91 

6 Emerson Brook Pairwise Differences in Allele Frequencies ........................ 92 
 

 

 

 

 

 

 

 

 

 

 

 

 



	   IX	  

LIST OF APPENDICES 

1 Log Transformed Movement Data With Corresponding Actual Movement 
Data ................................................................................................................ 104 

2 Eastern Brook Trout Data from Emerson Brook Summer 2010 ................... 105 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	   X	  

ABSTRACT 

Seasonal Movement and Habitat Use of Eastern Brook Trout, Salvelinus 
fontinalis, in a Mountain Stream in Northern NH 

 

Rachel E. D. Whitaker 

B.S. Environmental Science, Lyndon State College 

Master’s in Biology Candidate, Plymouth State University 

August 17, 2011 

 

Abstract Approved: 

____________________________________________ 

Brigid C. O’Donnell, Ph.D.  

We conducted a study of brook trout, Salvelinus fontinalis, movement and 

habitat use in an unnamed tributary (hereafter referred to as Emerson Brook) in the 

Nash Stream watershed, Coos County, NH in 2010. We measured movement and 

dispersal in this small, fragmented mountain stream population of brook trout using 

Passive Integrated Transponder (PIT) tags to track movement from May to November. 

Emerson Brook is a small, mountain stream that flows into Nash stream on its western 

side that is divided into three discrete reaches by two waterfalls. We hypothesized that 

the geomorphology of these two waterfalls would prevent any upstream movement 

between reaches, therefore decreasing genetic mixing. Through instream monitoring 

of fish, we discovered that the upper waterfall was impassable to PIT-tagged brook 

trout and the lower waterfall was navigated by five PIT-tagged fish that moved 
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upstream through the waterfall in 2010. These findings were corroborated by genetic 

analysis based on microsatellite-based markers showing that little introgression 

occurred across these geomorphological features.  

We collected data over the course of the 2010 season to address the following 

objectives: 1) to describe habitat and instream wood use by brook trout, 2) to quantify 

brook trout movement, and 3) to determine the relationship between fish movement 

and habitat use. Brook trout in Emerson Brook (on average 107 mm in total length) 

moved continually throughout the season with an average total movement of 98 m 

over the course of the season in 2010. Habitat use by brook trout in Emerson Brook 

was similar to that reported for other salmonids in that they were keying into pools and 

habitat with instream wood near by. Juvenile brook trout preferred pool habitat 

(Pearson Chi-Sqare = 21.836, df = 2, p < 0.001) and habitat with wood jams close by 

(Pearson Chi-Square = 10.880 df = 3, p < 0.001). Adults also preferred pools with 

both logs and wood jams (compared to pools without wood) and riffles without wood 

(Pearson Chi-Square = 121.406, df = 4, p < 0.001). We found positive significant 

relationships between movement and fish total length (df = 134, R2 = 0.148, p < 0.001) 

and movement of fish and age (df = 13, R2 = 0.316, p = 0.036). Fish in the upper 

reaches of Emerson Brook moved significantly less than those by its confluence with 

Nash Stream (df = 112, R2 = 0.037, p = 0.042). Also, brook trout in Emerson Brook 

moved more to access pool habitat than riffle habitat (Paired T-test, T = 4.22, p < 

0.001). The findings of this study support that brook trout in small, mountain streams 
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need habitat diversity and specifically prefer pool habitat and instream wood.  

Mountain streams that have fragmented subpopulations, as seems likely for 

Emerson Brook, should be carefully considered in watershed-wide management. 

Tributaries like Emerson Brook provide coldwater input into Nash Stream, constitute a 

refuge for mainstem brook trout when temperatures increase, and offer an opportunity 

for genetic mixing when mainstem brook trout enter the lower, easily accessible 

reaches of the tributary to spawn.  
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INTRODUCTION 

 Salvelinus fontinalis (Mitchill, 1814) has many common names: Eastern brook 

trout, brook char, coaster trout, squaretail, speckled trout, and brookies. Brook trout 

are actually not true trout, but instead are members of the char family, although they 

are most commonly referred to as a trout. They are also referred to as the most 

beautiful fish of eastern North America in many texts, peer reviewed journals, and 

amongst anglers. Brook trout change dramatically in appearance throughout their lives 

and over the seasons. In the spring, 50 cm fry have beautiful parr markings (a row of 

dark spots down the side of the body), are dark in color and have faint yellow and red 

dots on their sides. As adult fish, those same dots brighten while the red ones become 

haloed in blue. The back, or dorsal region, darkens and becomes patterned with brainy 

vermiculations while their fins become lined with bright white. In the fall, the males 

don spawning colors: their bellies become bright orange, the white lines on their fins 

seem to glow, and the blue halos on their ventral dots brighten.   

 Brook trout are the only trout native to the eastern U.S., have been a valuable 

commercial and recreational resource, and are supported by both federal and state 

stocking programs. Brook trout require clean, cold water; as such, they are used as 

indicators for gauging the relative health of aquatic systems (Raleigh 1982). In the 

past, historical land use, including river usage for timber, agriculture and textile 

industries, resulted in severe decline in brook trout populations (Raleigh 1982); 

however, more recently, self-sustaining wild brook trout fisheries have been of 

heightened interest. The Eastern Brook Trout Joint Venture (EBTJV) is a coalition of 
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federal and state agencies, non-profit and private firms, and universities working to 

protect and restore wild brook trout habitat across their native range from Maine to 

Georgia. As part of the National Fish Habitat Action Plan (a national effort to improve 

America’s fish populations and water quality), EBTJV conducts fish surveys, riparian 

and stream restoration, removal of barriers like dams and culverts, removal of exotic 

or non-native species, and improvements in water quality. Through this work, brook 

trout populations have been restpred in areas where they had been previously 

extirpated, populations on the brink of loss have been improved, and intact 

populations have been protected (EBTJV 2007).  

 The EBTJV has improved many brook trout populations and watersheds 

throughout the species’ native range. However, there are still watersheds with brook 

trout populations that remain entirely unstudied and some that need to be further 

evaluated to determine whether protection or restoration is necessary. Watershed 

health, in general, needs to be maintained. State and federal entities continue to assess 

watersheds and the presence, integrity, and distribution of brook trout populations, as 

well as restore and protect those populations in decline, under the guide of the EBTJV.  

 The current distribution of brook trout is significantly decreased from that of 

historic patterns. General distribution of brook trout was greatly affected by glaciation 

in North America (Karas 2002), and as a result, the native range originally included 

eastern Canada (up to the Arctic Circle), New England and southward through 

Pennsylvania, along the Appalachian Mountains into northeastern Georgia. Western 

limits historically included Manitoba south through the Great Lakes and into Ohio 

(Raleigh 1982, EBTJV 2007). Due to pollution, siltation, and stream warming 
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resulting from deforestation (Raleigh 1982), and the impacts of introduced non-native 

species, it is estimated that currently less than 9% of the areas that once supported 

brook trout are intact (EBTJV 2007).  

 Although high quality brook trout habitat has been degraded to the extent of 

altering the species’ current distribution, the historical distribution has played a large 

part in influencing their phylogenetic relationship. Brook trout are a member of the 

family Salmonidae, which is comprised of three subfamilies: Coregoninae (whitefish 

and ciscoes), Thymallinae (graylings), and Salmoninae (salmon, trout, and chars). 

Salmoninae, the most speciose group of the three, includes five genera all found 

within the northern hemisphere: Brachymystax (commonly known as lenok), Hucho 

(huchen and taimen), Oncorhynchus (pacific trout and salmon), Salmo (Atlantic 

salmon and brown trout), and Salvelinus (char) (Crespi and Fulton 2004, Allendorf 

and Thorgaard 1984). Four additional genera (Acantholingua, Parahucho, 

Salmothymus, and Salvethymus) have been proposed to be included in this group, 

however, consensus has not been reached regarding the status of Salmothymus or 

Salvethymus (Phillips and Oakley 1997). There is strong evidence, however, to 

support Acantholingua as part of the genus Salmo (Phillips et al. 2000, Snoj et al. 

2002, Susnik et al. 2007) and also for Parahucho to be a distinct genus (Froufe et al. 

2004, Matveev et al. 2007, Oleinik and Skurikhina 2008).  

 Well resolved phylogenetic relationships for the entire salmonid family have 

been particularly challenging for three main reasons: 1) salmonids underwent rapid 

adaptive radiation following their tetraploidization 50-100 million years ago 

(Allendorf and Thorgaard 1984), 2) hybridization and introgression is very common in 
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this group (reviewed in Utter and Allendorf 1994) leading to discrepancies between 

strictly maternally inherited characters (mtDNA) and biparentally inherited characters 

(Phillips and Oakley 1997), and 3) recolonization of glacial waterbodies within the 

past 10,000 years has resulted in assemblages of sympatric morphotypes with different 

degrees of reproductive isolation amongst northern lakes (reviewed in Savvaitova 

1989, 1995). The resulting presence of different morphotypes in the family has caused 

many species and subspecies to be described, particularly in Salvelinus, in an attempt 

to categorize what appear to be different varieties of fish (Phillips and Oakley 1997). 

 Paleoichthyologists theorize that Salvelinus branched from other salmon-like 

fishes early in the Oligocene (24 - 34 mya) (Karas 2002, Bonney 2007). This early 

Salvelinus group divided again in the late Miocene (5 - 24 mya) and then again in the 

Pliocene (1.8 - 5 mya) yielding one branch with bull trout (S. confluentus), Dolly 

Varden trout (S. malma), and Arctic char (S. alpinus), and another branch giving rise 

to brook trout, lake trout (S. namaycush), and white spotted char (S. leucomaenis), 

along with a few Asiatic species whose taxonomy has not been resolved (Karas 2002). 

Hybridization is extensive in Salvelinus and has made resolution of the phylogenetic 

trees difficult, even with modern day genetic methods. For example, ancient 

introgression of mtDNA and subsequent fixation has been demonstrated for Arctic 

char and brook trout (Bernatchez et al. 1995, Glemet et al. 1998), and for Arctic char 

and lake trout (Wilson and Bernatchez 1998). In addition, ongoing hybridization and 

introgression have been reported for Arctic char and lake trout (Wilson and Hebert 

1993), Dolly Varden trout and bull trout (Baxter et al. 1997), and bull trout and brook 

trout (Kanda et al. 2002, Redenbach and Taylor 2002, Spruell et al. 2001). Brook trout 
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can be artificially hybridized with lake trout, producing fertile offspring called splake 

(Stenton 1950, Buss and Wright 1956, Buss and Wright 1958) suggesting a close 

evolutionary history between the two. They can also be artificially hybridized with 

rainbow trout, Onchorhynchus mykiss (Buss and Wright 1958). Rarely, natural hybrids 

occur between brook trout and brown trout, Salmo trutta, (producing what is called a 

tiger trout) and also between brook trout and bull trout (Behnke 1980). 

 Although the phylogenetic tree of salmonids is somewhat unresolved, there is 

osteological, karyological (Cavender and Kimura1989, Cavender 1984, Phillips et al. 

1989), and molecular data (Phillips et al. 1994, Phillips and Peyte 1991) to support the 

sister relationship between brook trout and lake trout (Crespi and Fulton 2004, Phillips 

and Oakley 1997). However, there is relatively little consensus on the placement of the 

clade of brook and lake trout with respect to the rest of the members of Salvelinus 

(Phillips and Oakley 1997, Phillips and Peyte 1991).  

 Like all other species of Salvelinus, brook trout spawning can last for many 

weeks and occurs from September to December, depending on water temperature, 

latitude, and elevation. Spawning behavior is triggered initially by photoperiod 

(Holcombe et al. 2000, McCormick and Naiman 1984, Karas 2002, Bonney 2007, 

Meehan and Bjornn 1991) with water temperature playing a key role in spawning 

duration and peak (Karas 2002, Bonney 2007). Lake populations spawn in tributaries, 

but will spawn in areas of spring seepage if tributaries are inaccessible (Bonney 2007, 

Karas 2002, Everhart 1950, Fishes of Maine 2002). In both lentic and lotic systems, 

brook trout seek out pea-sized gravel as the preferred substrate for their eggs (Raleigh 

1982, Bonney 2007, Everhart 1950). Pea-sized gravel allows for high interstitial 
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oxygen concentrations that increase spawning success (Peters 1965, Harshbarger 

1978, Young 1989). In fact, due to often colder temperatures and higher oxygen 

concentrations, a preference for groundwater can be so pronounced as to sometimes 

override the preference of good spawning sediment when spawning location is chosen 

(Bonney 2007, Witzel and MacCrimmon 1983, Curry and Noakes 1995).  

 Spawning location is chosen by the female and can occur before or after 

pairing with a dominant male (Karas 1997, Pennell et al. 2001). Brook trout lay their 

eggs in redds, small pits made in benthic gravel. The female excavates and cleans the 

redd, after choosing a location with suitable conditions. The female’s choice of redd 

location is influenced by water velocity, water temperature, sediment size, location of 

upwellings, and location of cover (Karas 1997, Curry and Noakes 1995). Males will 

compete for spawning privileges, sometimes quite vigorously, before and during redd 

construction (Karas 2002, Bonney 2007, Esteve 2005, Fleming and Gross 1994). Once 

the redd is prepared, the dominant male and female swim side by side over the redd 

and simultaneously extrude milt and eggs after which the female gently covers the 

eggs with sediment. Subdominant males have developed many adaptive strategies for 

also contributing milt to a dominant pairs’ nest (Esteve 2005). Brook trout participate 

in multiple spawning events in a single season with females building multiple redds 

(Karas 2002, Garant et al. 2001). 

 In order to participate in spawning events, brook trout must be sexually 

mature, which is highly variable and dependent on resource availability, photoperiod, 

and growth (McCormick and Naiman 1984). In Maine, age three and older (III+) fish 

comprise the largest age class of spawning brook trout (Bonney 2007). Male brook 
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trout consistently reach sexual maturity before females (Bonney 2007, Karas 2002, 

McCormick and Naiman 1984) with some precocious males developing ripe gonads 

and spawning during their first year (age 0+) (Karas 2002, Behnke 2002, Buss and 

McCreary 1960, Hunt 1966). Females, however, need at least one full year to ripen 

their eggs and so cannot participate until reaching a minimum spawning age of age I+. 

 Once spawning is complete, fertilized brook trout eggs incubate for varying 

periods and hatch from January to April depending on local temperature regimes. 

Optimum incubation of brook trout eggs requires water temperatures ranging from 4.5 

- 11.5°C (MacCrimmon and Campbell 1969) and water flow that yields 50% or 

greater dissolved oxygen (Harshbarger 1975); however, incubation periods range from 

30 - 165 days at mean water temperatures ranging from 11.2 - 1.9°C (Raleigh 1982). 

In addition to high oxygen concentrations, eggs must be located in areas with little to 

no silt and other fine particulate matter or in areas where the water velocity is high 

enough to keep these fine particles from settling around the eggs and smothering them. 

Once eggs hatch, yolk-sac fry (alevins) require similar temperature, dissolved oxygen, 

and pH levels as adult fish. Alevins settle in benthic sediment, surviving off of the 

yolk sac for three to four weeks until their mouth, digestive tract, and excretory organs 

fully develop and enable them to feed on prey (Pennell et al. 2001). Once they begin 

to feed, alevins consume macroscopic crustaceans including ostracods, copepods and 

cladocerans (Karas 2002, Pennell et al. 2001, Ricker 1930), zooplankton (Wurtsbaugh 

et al. 1975), and insect larvae (Hubert and Rhodes 1989, Clemens 1928, White 1930, 

Ricker 1930, Leonard 1938, Pennel et al. 2001, Everhart 1950). 
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 Brook trout in their first year of life grow most productively between water 

temperatures of 12.4 - 15.4°C (Raleigh 1982). They tend to associate with instream 

cover objects (such as substrate) rather than overhead stream bank cover (Wesche 

1980). Early in the season, juvenile brook trout feed on plentiful macroinvertebrate 

larvae, with a later season shift to terrestrial insects and other invertebrates, as they get 

larger towards the end of their first growing season (Karas 2002, Hubert and Rhodes 

1989, Ricker 1930). 

 As adults, brook trout are opportunistic feeders, actively feeding primarily 

during the day with a peak in the early evening in early summer, shifting to a peak at 

earlier daytime hours in late summer (Allan 1981). The type and size of prey that can 

be consumed is dependent on the size of the individual brook trout. Brook trout diet is 

composed of mayflies, dipterans, stonefly larvae, caddisfly larvae, terrestrial ants, 

dragonfly larvae, amphipods, and isopods (Allan 1981, Bonney 2007, Ricker 1930, 

Meehan and Bjornn 1991, Behnke 2002). Like juveniles, adult brook trout tend to 

favor aquatic prey early in the summer and terrestrial and emerging insects in mid - 

late summer and fall (Allan 1981, Hubert and Rhodes 1989). Smelt, often present in 

the lake habitats that brook trout occupy, can compose up to 76% of large bodied 

brook trout’s diet (Cooper 1940). In addition, large brook trout, particularly in 

northern waters, have been documented to eat small mammals including field mice, 

voles and shrews (Karas 2002). 

 Brook trout can be separated into two ecological forms: a short-lived form (3-4 

years) and a long-lived form (8-10 years) (Raleigh 1982). The short-lived form is 

small, (200-250 mm in length) and is typical of high elevation and small, cold stream 
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and lake habitats found in the United States and in the more southern part of Canada 

(Behnke 1980). The long-lived form is large (4-6 kg), predaceous, inhabits large lakes, 

rivers, and estuaries, and is usually located in the northern portion of the brook trout’s 

range (i.e. Canada) (Behnke 1980). 

 Brook trout can be considered the most adaptable of the Salvelinus species 

(Raleigh 1982), due to the two ecological forms; however, they are relatively poor 

competitors. For example, other salmonids and warmwater fish in lakes and ponds 

often displace brook trout in the shallow areas of these waterbodies (Bonney 2007). 

Brook trout will migrate into tributaries to avoid competitors, high water temperatures, 

and to spawn. There are also some populations of brook trout that have adapted to 

saltwater: New England sea-run populations will move into brackish or salt water at 

all times of the year, but only spend a short time there to feed and then return to 

freshwater habitat (Bonney 2007). 

 For those brook trout completing their life cycles strictly in freshwater, 

survival and reproductive success depends on the availability of high quality 

freshwater habitat. Although brook trout are the most generalized and adaptable of all 

Salvelinus species, they cannot survive without cold, clear water with low-silt rocky 

substrate in riffle-run areas augmented with areas of slow, deeper water (Raleigh 

1982). Ideal brook trout habitat also includes relatively stable water flow and 

temperature regimes, high instream cover, dissolved oxygen levels ≥ 7 mg/l at 

temperatures <15°C and ≥ 9 mg/l at temperatures ≥ 15°C, and pH values between 6.5 - 

8.0 (Raleigh 1982). Brook trout tend to occupy headwater streams in the southern 

portion of their range, south of and including Kentucky and Virginia (Raleigh 1982), 
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particularly when rainbow and brown trout are also present in the lower portions of 

these systems (Rose 1986, Fausch and White 1981, Dewald and Wilzbach 1992, 

Webster 1975, Marschall and Crowder 1996, Vincent 1987). Brook trout are 

especially sensitive to introduction of rainbow and brown trout and tend to be 

displaced by them (Raleigh 1982). Conversely, brook trout often occupy large riverine 

ecosystems in the northern portion of their native range, including Canada and 

northern New England (Behnke 1980). 

 Water temperature is the most important limiting factor of salmonid 

distribution (Creaser 1930, Mullen 1958, McCormic et al. 1972, Elliot 2000, Ohlund 

et al. 2008). Temperature affects fish directly by influencing rates of metabolism, 

feeding, and growth (Brett 1971, Elliot 1981) and indirectly by mediating competitive 

interactions (De Staso and Rahell 1994, Taniguchi et al. 1998, Reese and Harvey 

2002) and also by influencing prey availability (Hinz and Wiley 1998). Power (1980) 

cites that brook trout typically inhabit water with temperatures ranging from 0 - 20°C, 

with optimal brook trout growth occurring from 11 - 16°C (Schofield et al. 1993, 

Baldwin 1951). Although metabolism is maximized at higher temperatures (≥20°C) 

(Hartman and Cox 2008), brook trout activity rates are lowest at these temperatures 

(Fisher and Sullivan 1958). The upper incipient lethal temperature for yearling brook 

trout has been documented at 25.3°C (Fry et al. 1946), but since larger fish, for any 

given species, are more sensitive to temperature increases due to greater metabolic 

demands (Baldwin 1956, Coutant 1977, Hartman and Cox 2008), this upper incipient 

lethal temperature is probably an overestimate for larger bodied brook trout. A range 

of critical thermal maxima for brook trout are reported in the literature: 28.7 - 29.8°C 
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(Lee and Rinne 1980), 28.3 - 30.8°C (Selong et al. 2001), and 29°C (De Staso and 

Rahel 1994). Wehrly et al. (2007) reported that stream salmonids have adapted to 

living in cyclic thermal regimes that can approach their upper tolerance level, with 

short periods of near lethal temperatures occurring periodically. Although short-term 

exposure to near lethal high temperatures is usually stressful to fish, the role of these 

somewhat predictable temperature fluctuations in regulating long-term persistence of 

brook trout remains unclear (Wehrly et al. 2007).  

 Next to temperature, adequate cover is recognized as one of the basic and 

essential components of trout streams (Bjornn 1971, Meehan 1991, Behnke 1992). 

Cover can be present in the form of rocky substrate, instream wood, submerged 

vegetation, undercut banks, overhanging riparian vegetation, turbulent water surfaces, 

and depth (Giger 1973). Areas of decreased velocity coupled with aquatic cover 

provide refuge for fish from predators and also function as places of rest (Raleigh 

1982, Behnke 1992, Carline and McCullough 2003, Roghair 2002).  Additionally, 

brook trout make use of shade produced by riparian vegetation (Butler and Hawthorne 

1968, Enk 1977, Bonney 2007). Shading can help to stabilize water temperature, 

although too much shade can decrease primary productivity (Raleigh 1982, Cada et al. 

1987, Ensign et al. 1990). A well-vegetated riparian area also decreases erosion and 

maintains undercut stream banks that typify good trout cover (Raleigh 1982, Adams et 

al. 2008). 

 In addition to temperature and cover, brook trout habitat choice is also 

influenced by flow regimes, turbidity, and adequate overwintering locations. Low 

water velocities are key for juvenile brook trout (Bonney 2007, Raleigh 1982) and 
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base flows (the lowest flows of high summer and winter) that are above 25 - 50% of 

average daily flows are considered beneficial for trout populations (Hartman 1965, 

Everest 1969, Bustard and Narver 1975). Raleigh (1982) notes that the optimum 

turbidity values for brook trout growth are approximately 0 - 30 JTUs. Accelerated 

rates of fine sediment deposition have numerous adverse effects, resulting in disturbed 

macroinvertebrate communities, smothered eggs and embryos in redds, and decreased 

benthic refuge and overwintering habitat (Raleigh 1982). Suitable winter habitat may 

also be a major limiting factor of salmonid population density (Bustard and Narva 

1975, Everest 1969). Trout appear to prefer overwintering habitat with increased cover 

and areas of deep water (Raleigh 1982, Cunjak and Power 1986). These areas provide 

protection from the physical damage of ice scouring (Hartman 1965, Chapman and 

Bjornn 1969) and allow fish to conserve energy (Chapman and Bjornn 1969, Everest 

1969). 

 The necessity for the habitat features described above has a direct impact on 

movement patterns in brook trout populations. Previous studies have focused on the 

extent of trout movement in streams; however, brook trout have only recently been 

documented to move large distances over their lifespan (Rodriquez 2002, Logan 2003, 

Riley et al. 1992, Young 1994, Boucher and Timmins 2008). Early studies suggested 

that stream salmonids were typically sedentary (Gowen et al. 1994) with high fidelity 

to a single pool habitat, leaving a pool only to spawn late in the season (Allen 1951, 

Holton 1935, Miller 1954, 1957, Newman 1956, Schuck 1943, Shetter 1937, Stefanich 

1952, Gerking 1959). In the 1950s, Gerking (1953, 1959) hypothesized that adults of 

resident stream fish species (salmonids including brown trout, brook trout, and 
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cutthroat trout, and members of the following families: Coregonidae, Catostomidae, 

Ictaluridae, Percida, Centrarchidae, Holocentridae, Girellidae, Chaetodontidae, 

Canthuridae, Pomacentridae, Gobiidae, and Cottidae) are sedentary and spend most of 

their lives within a 20 - 50 m stretch of stream – this was later referred to as the 

“restricted movement paradigm,” or RMP (Gowen et al. 1994). As a result, early 

fisheries research strongly suggested that fish use cost-minimizing behaviors for 

feeding and dominance hierarchies (Bachman 1984), resulting in little to no movement 

in the non-winter season. Through Gerking’s influential papers, the RMP became a 

widely accepted tenet in fisheries research. 

 Although RMP was accepted for decades, starting in the 1990s there was a 

shift in fish movement theories. Since this point, significant and continuous movement 

is believed to play a large and important role in the life histories of stream fishes, trout 

included. There is now much evidence that fish move on a daily and seasonal basis 

(Rodriguez 2002, Clapp 1990, Meyers et al. 1992, Brown and Mackey 1995, Gowan 

and Fausch 1996), and most populations consist of a mix of two groups: fish that 

move and fish that do not, with individuals of both groups existing along a continuum 

(Rodriguez 2002). There are a variety of factors that influence fish movement: water 

temperature, flow, fish size, local population density, habitat availability, species 

composition, food quality, and refuge from predators (Riley et al. 2002, Young 1995, 

Gowan and Fausch 1996, Schlosser 1991, 1995). In particular, in small, low order 

mountain streams, a high degree of movement may be necessary for fish to key into 

the complex heterogeneous patchwork of resources available (Riley et al. 2002).  
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 Salmonids (Curry et al. 2002) and brook trout in particular (Rodriguez 2002), 

show high levels of movement. High mobility has been documented in brook trout 

populations in Maine (Boucher and Timmins 2008), West Virginia (Logan 2003, 

Hansbarger 2005), and Colorado (Riley et al. 2002). Boucher and Timmins (2008) 

documented a radio telemetry tagged brook trout that moved approximately 116 km 

cumulatively over the course of their study period (late June 2005 to mid July 2006). 

Additionally, large-scale movement has been documented in brown trout populations 

in Wyoming (Young 1994), Michigan (Clapp et al. 1990), and Wisconsin streams 

(Meyers et al. 1992). 

 With exceptions to RMP becoming prevalent, a new understanding of fish 

movement has been acknowledged: the “non-restricted movement paradigm” or 

NRMP (Hansbarger 2005).  Fausch et al. (2002) has determined that movement is a 

key component in “ranging behavior”, defined as long-distance movement that ceases 

when patches with suitable resources and/or critical habitats are encountered by stream 

fishes. Many researchers agree that movement enables fish to access productive and 

required habitats in patchy, dynamic lotic systems (Meehan 1991, Swanbarg 1997, 

Fausch et al. 2002). 

 We conducted a study of brook trout movement and habitat use in an unnamed 

tributary (hereafter referred to as Emerson Brook) in the Nash Stream watershed, Coos 

County, NH in 2010 (April – November). Whereas other brook trout movement 

studies have focused on large-bodied individuals (>200mm total length) using 

telemetry in large, high order rivers, we focused on seasonal movement in a small 

mountain stream population of brook trout using Passive Integrated Transponder (PIT) 
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tags. We followed individual brook trout throughout the season and documented their 

movement. We then calculated average daily and cumulative movement. Our 

objectives were to: 1) describe habitat and instream wood use by brook trout, 

comparing use between age classes of fish, 2) quantify brook trout movement, 

comparing movement between seasons, across populations and between age and 

length classes of fish, and 3) examine the relationship between fish movement and 

habitat use. In addition, we collected samples for genetic analysis to determine if 

genetically distinct populations exist between Emerson Brook and Nash Stream (the 

stream into which Emerson Brook flows) and across three different reaches of 

Emerson Brook.  

 

METHODS 

Study Site 

 Emerson Brook (N 044.736517, W-071.439370) is a first order mountain 

stream in Stratford, Coos County, New Hampshire (Fig. 1). It is part of the Nash 

Stream watershed and contains a wild population of brook trout. The headwaters flow 

off of Sugarloaf Mountain (1131 m) and the study stretch of the brook is located in a 

northern hardwood forest. The upper canopy consists of yellow birch (Betula 

alleghaniensis), red maple (Acer rubrum), American beech (Fagus grandifolia), 

balsam fir (Abies balsamea), and several species of spruce (Picea spp.). The 

understory is dominated by hobblebush (Viburnum lantanoides) and American beech 

(F. grandifolia) sprouts. Brook trout and slimy sculpin (Cottus cognatus) are the only 
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recorded resident fish species in Emerson Brook. Although bedrock directly beneath 

and surrounding Emerson Brook have not been described, the area is largely underlain 

by Long Mountain Granite and fine to medium grained schistose (Chapman 1949). 

There is also likely to be a large presence of syenite talus from Sugarloaf Mountain 

(Chapman 1949). 

 Our study focused upon 879 m of Emerson Brook beginning at its confluence 

with Nash Stream and proceeding upstream (Fig. 2). The confluence of Emerson and 

Nash is located 7.8 mi north on the Nash Stream Road and about 20 m downstream of 

a bridge, on the western bank of Nash Stream. The study site was flagged starting at 

the confluence using pink forester’s flagging in 10-m increments, which were further 

divided into 2-m increments. Each 10-m flagged region was numbered and labeled as 

a distinct section, with section zero starting at the confluence.  

 The study site is on average 2.2 m wide (wetted width) and is naturally divided 

into three discrete sections by two fluvial geomorphological features. The lower 

elevation feature (lower waterfall) is located at section 55.4 (i.e. 554 m upstream from 

the confluence) and is a waterfall/cascade where water flows over an outcropping of 

bedrock. It is 7.2 m long, 2.4 m wide, and has a 44% gradient (Fig. 3). The feature 

further upstream (upper waterfall) is located from section 66.5 to section 67.9, and is 

significantly larger and more complex than the lower waterfall. It is 14.5 m long, 

about 6.7 m wide, has a 42% gradient, and consists of a series of glides, waterfalls, 

cascades, and pools (Fig. 4). 

 



	   17	  

History of Emerson Brook 

 Emerson Brook is located in the Nash Stream State Forest, which has a 

timberland history as described in the Nash Stream Forest Management Plan (1995). 

In October 1988, the land was acquired by the state of New Hampshire through the 

Land Conservation Investment Program and with the assistance of the United States 

Forest Service, The Nature Conservancy, Trust for New Hampshire Lands, and the 

Society for the Protection of New Hampshire Forests. Prior to that, Diamond 

International Corporation, a subsidiary of the French timber company General 

Occidentale, owned the area surrounding Nash Stream. A different company, Rancourt 

Associates, briefly owned the land just prior to the transaction that resulted in the state 

becoming the final owner. Nash Stream State Forest was placed into a conservation 

easement in 1989 and has been under the state’s care and management since that time. 

 Nash Stream played an important role in the area’s timber history, as it was 

part of a working forest since the mid 1800s. It had been cleared for the purpose of log 

transport and in the late 1800’s three log driving dams were built. The largest of these 

was called Big Bog Dam. The dam created a 236-acre impoundment called Nash Bog 

Pond, which was used to store water for driving logs. Although Nash Stream ceased 

being used for log transport in the 1930s, the dam was left in place and thus the pond 

remained intact for recreational uses. Due to high rains in the spring of 1969, the dam 

failed causing mass flooding through the nine miles of Nash Stream downstream of 

Nash Bog Pond. The flash flood straightened the channel within Nash Stream and 

destroyed the riparian zone. The construction of large berms to prevent future flooding 

and straightening of the Nash streambed was initiated during the clean-up period. No 
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riparian or fluvial restoration took place, which severely decreased habitat diversity in 

Nash Stream and left the waters subject to warming.  

 As a result of the dam failure, habitats in and directly around Nash Stream 

were dramatically changed; eddies, zones of erosion and deposition, and meanders 

were particularly damaged. Large, deep pool habitat also became virtually nonexistent. 

The riparian zone was left to look like moonscapes with large, unproductive gravel 

and sand bars along the edges of the stream. Remnant berms, slow tree growth and a 

general lack of herbaceous plant growth along the stream are all impacts that can still 

be observed more than forty years later. Nash Stream tributaries, including Emerson 

Brook were largely unaltered by the 1969 flood; however, due to the destruction to 

Nash mainstem and the modification of the surrounding landscape during cleanup 

after the breach, this critical habitat became less accessible to fish (DRED 1995).  

 When the New Hampshire Department of Resources and Economic 

Development (NHDRED) acquired Nash Stream State Forest, they continued to 

manage it as a working forest, while maintaining a fish-stocking program for the 

mainstem of Nash Stream. However, in 2005, the state joined a restoration team with 

the goal of returning the Nash Stream waterway to a high-end salmonid fishery, that is 

more robust than the one existing prior to the dam breach. The Nash Stream 

Restoration Project, as it is referred to today, is a partnership between Trout 

Unlimited, the New Hampshire Fish and Game Department (NHFGD), and NHDRED. 

Since 2005, the project has completed general habitat and fish assessments, culvert 

removals, culvert replacements, streambed and riparian restoration, added woody 

habitat to streams and riparian zones, and monitored fish movement. 
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Brook Trout Sampling  

 As part of the Nash Stream Restoration Project, in June and July of 2010 we 

collected brook trout and inserted Passive Integrated Transponder (PIT) tags into them 

throughout portions of the 879 m study area within Emerson Brook. We started at the 

confluence with Nash Stream and tagged fish in sections 0-30, 50-56.2 (about 50 m 

below and including the lower waterfall), and sections 60-77.9 (about 50 m below the 

upper waterfall, the upper waterfall, and 100 m above the upper waterfall). To capture 

fish for insertion of PIT tags, we temporarily isolated pre-measured and flagged 10-m 

sections with 0.64 cm mesh block seines, rocks, and seine poles, and subsequently 

electrofished the sections using a two-pass depletion method (Smith-Root, Inc. Model 

12-B POW Electrofisher, 600-900 volts, 60 hz). All captured fish were measured for 

total length to the nearest millimeter (mm) and weighed to the nearest tenth of a gram 

(g). Fish were anesthetized using clove oil and a PIT tag (12.0 mm long, 2.1 mm in 

diameter) was surgically implanted into the intraperiotineal cavity of all brook trout 

that were > 60 mm (total length). We also collected adipose fins into 95% ethanol for 

genetic analysis of fish 1+ years old, resulting in about 50 samples from each of the 

three main sections (below the lower waterfall, between the waterfalls, and above the 

upper waterfall). After PIT tag insertion, fish were held in fresh water for up to 30 

minutes until they resumed a normal swim pattern and returned to the stream within 

1.0 m of where they had been collected.  
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 We also collected and PIT tagged fish over the entire season (25 May 2010 to 

24 November 2010) using fyke nets placed near the confluence. Two nets (4-panel, 

0.61 m hoop net with 0.63 cm mesh) were stationed at section 4.1 with one net facing 

downstream, to catch fish moving upstream from Nash Stream into Emerson Brook, 

and one facing upstream, to catch fish moving downstream and out of Emerson Brook 

(Fig. 5). These nets were typically deployed five days a week (except when high water 

events were predicted). We checked the fyke nets daily and when fish were captured, 

we scanned them for PIT tag presence (including adipose fin observation) and we 

tagged any new fish as described above. Fish were released on the upstream or 

downstream sides of the nets depending on which direction they were headed when 

caught. We treated the data collected from these fish separately from our main dataset 

and, due to the small number of data points, we used descriptive statistics to 

investigate any trends in this subset of data. 

 PIT tagging technology has been used in fisheries research since the mid 

1980s, starting with a mark-recapture project conducted by Prentice and Park (1984) 

on Chinook and Coho salmon, Oncorhynchus tshawytscha and Oncorhynchus kisutch 

respectively. PIT tagging technology has many desirable qualities that are useful for 

evaluating survival, growth, and movement of fish (Batemen et al. 2009), including 

unique identification, indefinite tag life, and capacity for remote detection. Also, PIT 

tagging is relatively inexpensive and when coupled with the use of instream antennas, 

does not require as many hours spent in the field looking for tagged individuals, such 

is the case with telemetry. Moreover, PIT tags can also be used in fish populations 
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with much smaller individuals because the tags themselves are small, ranging from 8.4 

mm to 23 mm in length. 

 In addition to its low cost and ability to tag different size classes of fish, PIT 

tag technology has been demonstrated to have little effect on growth and survival of 

fish (Gries and Letcher 2002; Dare 2003; Bateman and Gresswell 2006), and tag 

retention rates have proven to be high in studies using juvenile salmonids (Prentice et. 

al 1990, Zydlewski et al. 2001, Gries and Letcher 2002, Ombredane et al. 1998, 

Dieterman and Hoxmeier 2009, Zydlewski et al. 2003, Bateman and Gresswell 2006). 

For instance, retention rates ranging from 98% to 100% have been reported for 

juvenile Chinook salmon (O. tshawytscha), sockeye salmon (O. nerka), and steelhead 

(O. mykiss) (Prentice et al. 1990), while retention rates have equaled or exceeded 99% 

in studies of juvenile Atlantic salmon, Salmo salar (Zydlewski et al. 2001; Gries and 

Letcher 2002). Similar results have been reported for juvenile brown trout, S. trutta, 

(97% retention rate, Ombredane et al. 1998), brook trout, Salvelinus fontinalis (70-

100% retention rate, Dieterman and Hoxmeier 2009), and for steelhead (89-98% 

retention rate, Zydlewski et al. 2003; 97% retention rate, Bateman and Gresswell 

2006).  For juvenile salmonids, in general, PIT tag retention rates range from 70 - 

100%.  

 Although PIT tag retention has been thoroughly studied in juvenile salmonids, 

little research has been conducted on adults of these species. In one study by Batemen 

et al. (2009), PIT tag retention rates for adult salmonids were much lower than those 

rates reported for juveniles. Tag retention rates for 100-250 mm (fork length) coastal 

cutthroat trout (Oncorhynchus clarkii clarkii) were approximately 25% lower than 
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those reported for the much smaller sized juvenile salmonids. A number of PIT tags 

were recovered in redds, demonstrating that mature male and female fish can pass tags 

during spawning (Bateman et al. 2009). Some of the cutthroat trout in the Bateman et 

al. (2009) study retained PIT tags for up to four years, while others expelled them 

repeatedly and were re-PIT tagged three times or more. PIT tag expulsion during 

spawning has also been documented in rainbow trout, Oncorhynchus mykiss (Meyer et 

al. 2011). More research is needed to determine PIT tag retention rates and PIT tag 

ejection during spawning in adult salmonids.  

 In spite of low retention rates in adult fish, once an individual has been PIT 

tagged, it can be monitored for as long as the PIT tag persists within the fish. Using a 

portable PIT tag-detecting unit (such as our wanding unit) instream fish location can 

be monitored continually with minimal effect on fish (i.e. short term fright and flee 

response). Many different types of wanding units have been created and tend to be 

geared towards the specific geomorphology of the stream system being monitored. 

Our wand was similar in design to wands in Cucherousset et al. (2005) and Roussell et 

al. (2000). These wands were reported as having detection efficiencies that are 69% 

and higher, with detection distances between 17 and 100 cm (Cucherousset et al. 2005, 

Roussell et al. 2000).  

 For PIT tagging studies spanning more than one year, studies with small 

sample sizes, or studies examining survival and growth within a population, a 

subsample of tagged fish should be kept for 24 hours after tagging to observe potential 

mortality and tag loss. Any tagging mortality or initial tag-loss information should be 

included in the overall study results (Columbia Basin Fish and Wildlife Authority PIT 
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Tag Steering Committee 1999). Moreover, using a method in addition to the inserted 

PIT tag to identify fish in the case of PIT tag loss is recommended, such as the adipose 

fin clip we used in this study. 

 For all PIT tagged fish in the Emerson Brook Study, we took a scale sample to 

use in age estimation. We collected scales from the left side of the fish, just behind 

and below the dorsal fin. After wiping away the fish’s slime coat (dragging the scalpel 

in line with the scales towards the tail), scales were scraped from the fish onto the 

scalpel (by using the opposite motion). Each individual scale sample was immediately 

stored between paper in a small envelope for later age analysis. To age scales we 

mounted a wetted scale sample between two standard glass slides and viewed the scale 

sample under a Ken-A-Vision Microprojector X-1000 (Fig. 6a). Brook trout growth is 

determined by observing the concentric circles, called circuli, that form a scale. The 

distance between each circuli is greater during summer months, representing faster 

growth, compared to that of winter months, when the circles form closer together 

(more compressed) due to slower growth. One year of growth, an annulus, is 

determined by a set of summer and winter growth. An easily aged single annulus 

consists of a series of evenly and widely spaced complete circuli surrounded by a 

series of tightly packed, incomplete circuli (Fig. 6b). The annulus is defined at the 

outer border of the compressed circuli. In order to estimate age, we counted the 

number of annuli present. Characters of annuli that can contribute to errors in age 

estimation include “cutting over” (when growth resumes in the spring, the circuli that 

form grow around or “cut” over the incomplete winter circuli) and variable packing of 

circuli. Scale samples can vary greatly due to varying growth rates because of 
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temperature and resource availability, damage to scales while on the fish, and potential 

damage to scale during harvest and mounting (Devries and Frie 1996). In addition, age 

estimation from scales can be difficult if scale samples are taken over the course of a 

season, as opposed to all in one sampling event. This results in a variety of levels of 

what is called “plus growth”, or the series of evenly and widely spaced complete 

circuli that represents summer growth. With varying levels of plus growth, depending 

on the time of season the scale sample was harvested, it can be difficult to distinguish 

patterns in the growth rates of members of a given population. In most cases we used 

multiple scales to verify the age estimate for a fish. We were not able to estimate the 

age of two fish due the presence of regenerated scales, which are damaged, regrown 

and do not accurately reflect complete growth of the fish.  

 

Fish Monitoring Methods 

 After the initial PIT tagging events, we tracked the movements of PIT tagged 

brook trout with in-stream stationary antennae and a portable PIT tag-detecting unit, 

referred to as the “wand”. The two in-stream stationary antennae were placed at 

sections 2.6 and 3.4 of Emerson Brook and were constructed of three-inch PVC piping 

to form waterproof PVC rectangles. Copper detection wire was run through the PVC 

rectangles and attached to a deep cycle, 12-volt marine battery in a weatherproof 

Pelican case. The copper wire was also attached to a PIT tag-reading computer 

(Destron Fearing Digital Angel Corporation – Portable Transceiver System Model 

FS2001-ISO). This dual-antenna system logged PIT tag detections with the tag 
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number and the date and time of detection, enabling us to determine directionality of 

fish movement. Antennas were deployed from 22 April 2010 to 24 November 2010. 

The batteries for this system were changed twice weekly and the PIT tag detection 

data was downloaded weekly. 

 In addition to the stationary antennae, we monitored in-stream fish location by 

conducting weekly wanding surveys, using a portable PIT tag detecting unit. The unit 

was constructed of 1 ¼-inch PVC, a portable PIT tag reading computer (Destron 

Fearing Digital Angel Corporation – Portable Transceiver System Model FS2001-

ISO), a portable PIT tag reading hoop, foam padding for comfort, and duct tape for 

increased durability (Fig. 7). We conducted weekly surveys from 11 May 2010 to 20 

November 2010. The length of stream wanded varied over the monitoring season due 

to PIT tagging events, weather, high water events, and availability of personnel to 

conduct surveys. For example, PIT tagging did not take place upstream of section 30 

until after the end of June; therefore, we did not conduct wanding surveys in those 

upper sections prior to that time. We conducted wanding surveys on 779 m of the 

study site beginning at the confluence (July and August 2010). On 18 September 2010 

we added ten sections above the upper waterfall to determine if fish were moving 

further upstream than we had previously observed. Therefore, from 18 September 

2010 to 20 November 2010 we conducted wanding surveys on the entire 879 m of the 

study site. Surveys were not conducted for the weeks of May 7 – 11, May 28 – June 2, 

August 30 – September 10, September 27 – October 1, November 1 – 5, and 

November 22 – 26.  
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 All wanding surveys began at section zero, the confluence of Emerson Brook 

and Nash Stream. Moving upstream, we slowly passed the wand over all wetted areas 

of the stream including undercut banks, under large rocks and in wood jams. When we 

detected a tagged fish we recorded 1) tag number, 2) instream location (to the closest 

meter based on the stream-side flagging system), 3) specifics of the habitat where the 

fish was detected (including habitat type, association with wood, and substrate type), 

and 4) a determination of whether the fish was dead or alive based on active 

movement. For example, to verify if a detected tag was a live fish, we tried to observe 

the fish fleeing the area, and/or detected movement of the tagged fish with the wand. If 

a fish did not move after initial detection, we initiated a flee response by either 

splashing water or slowly moving the substrate. If the fish moved, or the tag was not 

longer detected in that location, it was assumed to be alive.  

 

Habitat Survey 

 We conducted a habitat survey of 554 m of Emerson Brook in October and 

November 2010, and a second survey of the first 300 m of Emerson Brook in May 

2011. The second survey was conducted at similar flows as the previous surveys done 

in fall 2010, based on staff gauge measurements. We used the Basin Wide Stream 

Inventory Methods developed by the New Hampshire Fish and Game Department that 

we modified in the field to meet the objectives of this study. We classified and 

measured all riffle, pool, cascade, and waterfall habitat units that were observed in the 

study reach, at both macro- and micro-habitat scales. For example, we might 
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determine several longitudinal meters of stream as riffle or cascade habitat and also 

define several areas of microhabitat within the larger macro-habitat, such as small 

pools (Fig. 8). We also classified many stream width-spanning pools. For each of 

these habitat units we recorded instream location and measured habitat length, width, 

maximum and typical depth, dominant and subdominant substrate estimates, gradient, 

total dominant and subdominant fish cover present (created by aquatic vegetation, 

depth >2.5 ft, overhanging vegetation, substrate, turbulence, undercut banks, and 

woody material), dominant and subdominant riparian vegetation, and canopy cover. 

We documented instream wood that might influence brook trout or their habitat, 

including all stable wood or wood jams and woody habitat that affected stream flow 

(see Figs. 9 and 10 for examples). We did not count wood or wood/leaf jams that were 

unstable and likely to be easily moved downstream and that appeared to have no 

specific function in the stream (e.g. sediment retention, pool forming, wood jam 

forming, or providing potential cover for fish) (see Fig. 11 for examples). We 

classified wood at a fine scale to be consistent with our wanding survey wood 

classifications and to document wood that might be important for brook trout habitat. 

For each wood type (log or wood jam), we recorded length, diameter (or width for 

wood jams), location in the stream, stability level, and whether or not it was pool 

forming or sediment trapping. We recorded wood type (hardwood/softwood) and also 

noted the level of decay as a proxy for how long the wood had been in the streambed. 

 Also as part of documenting fish habitat, we deployed Onset temperature data 

loggers at section 8.2 of Emerson Brook (7 May 2010 to 20 November 2010) and in 

Nash Stream ~30 m upstream of the confluence of Nash Stream and Emerson Brook 



	   28	  

(14 June 2010 to 02 October 2010). We missed two days of logging temperature in 

Emerson Brook due to switching out the data logger (October 2nd, and 3rd). We also 

recorded daily pH and water level measurements during field visits from 03 May 2010 

to 30 November 2010. Water level measurements were recorded using a staff gauge 

anchored in the streambed at section 9.4 and pH measurements were consistently 

recorded at this location. 

 

Statistical Analysis 

We used a combination of descriptive statistics, regressions, and Pearson chi-

square analysis to explore our fish movement data (from live PIT tagged fish only) 

and habitat data. We separated all fish caught and PIT tagged in the fyke nets from our 

original PIT-tagged fish and treated them as a separate data set. Putative populations 

within Emerson Brook were defined based on the lower and upper waterfalls. These 

subpopulations in particular portions of Emerson Brook (hereafter referred to as 

reaches based on geographical location within the stream) were defined as follows: 

Reach 1 includes sections 0 - 56.2 (Emerson Brook below both waterfalls and to the 

confluence with Nash Stream), Reach 2 includes sections 56.2 - 67.9 (between the two 

waterfalls, including the upper waterfall), and Reach 3 includes sections 67.9 - 87.9 

(the 200 m upstream of the upper waterfall). We used Minitab 16.1.1 (2011) software 

to conduct all statistical analyses and create related figures. We also used Excel 14.1.2 

(2011) to create figures. 
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I. Habitat Data Analysis 

Our first objective was to quantify habitat and instream wood use by brook 

trout comparing use across reaches and between age classes of fish. We quantified 

details of Emerson Brook habitat using habitat survey data. We used fish location data 

from our wanding surveys. We divided our fish data up into two age classes based on 

ages from scale samples: YOY (young of year or age zero fish) and adults (any fish 

older than age zero). We used Pearson chi-square analysis to compare 1) fish age and 

habitat type (e.g. pools, riffles, etc.) for all fish combined and within the three reaches, 

2) fish age and instream wood (logs and wood jams) location for all fish combined and 

the three reaches, and 3) fish age and both habitat type and instream wood for all fish 

combined and the three reaches. We compared fish age and both habitat and wood 

type to see if different age classes of fish were using habitat and wood differently. We 

also compared fish age to both habitat and wood type to see if they were using these 

resources in unison. 

 

II. Movement Data Analysis 

Our second objective was to quantify trout movement (from our wanding 

survey data) and to subsequently compare movement between seasons, across reaches, 

and between age and length classes. We quantified movement using five different 

measures: 1) total movement (TM), defined as the total known cumulative distance a 

fish moved between the first time we detected it (typically the day the fish was 

originally PIT tagged) and the last time we detected the fish (via wanding or the 
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stationary antennas), 2) average movement per day (AMPDay) was quantified by 

dividing the total movement by the number of days between first and last detections, 

3) average movement per detection (AMPDetect) was calculated by dividing 

cumulative movement between individual detections by the number of days between 

individual detections, 4) minimum average movement per detection (MinAMPDetect), 

the smallest of the average movement per detections, and 5) maximum average 

movement per detection (MaxAMPDetect), the largest of the average movement per 

detections. Since our overall average movement per day was a season-wide metric, we 

used measures of average movement per detection in order to determine if fish were 

moving more or less at different times of the season. We log transformed the five 

movement metrics to assume a more normal distribution before performing statistical 

analyses.  

We used both linear and multiple regression to analyze our movement data. 

We examined patterns across all of Emerson Brook and then assessed any spatial 

effects by parsing our data by Reaches 1, 2 and 3. Three of the movement measures 

(TM, AMPDay, AMPDetect,) were related to average daily temperatures, date in the 

season, reach in the stream, age of fish, and total length. MinAMPDetect and 

MaxAMPDetect were related to date only. We used linear regression to compare TM 

and AMPDay to total length of fish (of fish from all reaches combined and individual 

reaches) to see if length was a good predictor of whether a brook trout will be likely to 

move more than another based upon size. We used linear regression to compare age 

and both TM and AMPDay. We did this for all brook trout combined and also by 

sorting the brook trout by reach to see if different aged fish move differently in 
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different regions of the stream. To evaluate if brook trout from different 

subpopulations were moving differently, we used linear regression to compare reach 

and both TM and AMPDay. We did this for all brook trout combined and by different 

age cohorts observed (age zero, age one, age two). To assess whether or not brook 

trout were moving differently at different times in the season, we used linear 

regression to compare AMPDetect, MinAMPDetect, and MaxAMPDetect to time in 

the season. We conducted this analysis for all fish combined and by parsing fish out 

by reach. When using AMPDetect as a movement metric, we parsed our data out by 

reach, by age, and by both reach and age (e.g., we defined subgroups of data that were 

age zero fish from reach one, age zero fish from reach 2, etc.). We also performed 

multiple regression analysis of TM, AMPDay and AMPDetect compared to average 

daily temperature, date in the season, reach in the stream, age of the fish, total length, 

weight, and relative weight. We did this to see if there were sets of predictors that 

explained movement patterns more thoroughly than using a single predictor in a linear 

regression.  

 

III. Movement and Habitat Use Analysis 

Our third objective was to relate movement to habitat type present to examine 

if brook trout seek out certain habitat causing them. We compared three of our 

different movement measures (TM, AMPDay, AMPDetect) to habitat characteristics 

in Emerson Brook. We used linear regression to compare TM and AMPDay to the 

percentage of time fish were detected in pools and riffles. We also looked at the 
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correlation between AMPDetect and the habitat type of fish in subsequent detections. 

For each AMPDetect measure, there was a correlating subsequent habitat type (the 

habitat type that a fish was detected in next).  We used a paired T-test to test for 

significant difference in the types of habitat brook trout were detected within for 

subsequent detections. 

 

Genetic Analysis 

 Meredith Bartron (United States Fish and Wildlife Service, USFWS, Northeast 

Fishery in Lamar, Pennsylvania) completed the genetic analysis of brook trout from 

populations sampled from Emerson Brook (this study), Nash Stream and the Twin 

Mountain Fish Hatchery (2007), in the spring of 2011. She conducted genetic 

characterization using twelve highly variable microsatellite loci (Tim King, USGS, 

unpublished; Perry et al. 2005) including microsatellites: B52, C24, C28, C38, C86, 

C88, C113, C115, C129, D75, D91, and D100 (Tim King, USGS, unpublished). 

Bartron used FSTAT (Goudet 1995) and GDA (Lewis and Zaykin 2001) to estimate 

observed and expected heterozygosity, within population variability, and allelic 

richness for each population of brook trout. Effective population sizes (the number of 

individuals in a population that are contributing genes to the next generation) were 

estimated from the microsatellite-based data using LDNe (Waples 2006), statistical 

significance was estimated using Bonferroni correction of multiple comparisons (Rice 

1989), and differences in allele frequencies were calculated using FSTAT (Goudet 

1995).  
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RESULTS 

I. Pit Tagging Results 

We PIT tagged 140 brook trout measuring 60 - 234 mm (total length). We 

analyzed data from 149 fish, each of which had been detected at least two times 

throughout the season (two detections over the course of the season allowed us to 

calculate our movement metrics). Most of the fish (78%) that we PIT tagged and 

monitored were age one (Fig. 15, Table 2). Of 149 total fish, 19 had been PIT tagged 

in 2009 and were still alive and mobile as of the 2010 season. There was no large-

scale mortality associated with the initial implantation of PIT tags. We located one 

dead fish, likely due to predation. This fish had been tagged on 08 July 2010 and was 

found dead on 13 August 2010, 36 days after tagging, and we removed the tag. We 

also found one tag on 18 September 2010 and hypothesize that it was expelled due to 

spawning activity. This fish was tagged on 22 June 2010. Over the course of the 

season, 24 PIT tagged fish were never detected post-surgery. This could be the result 

of emigration or predation, both by animals and anglers.  

Five PIT-tagged brook trout navigated upstream through the lower waterfall 

during our wanding season. Of these five fish, two were tagged in 2009 that we did 

not collect during electrofishing in 2010. The fish that navigated the waterfall tagged 

in 2010 averaged 121 mm and 22.8 g at time of capture. 



	   34	  

We PIT tagged thirty fish ranging from 77 to 230 mm (total length) captured in 

the fyke nets: four fish in the downstream moving net and twenty-six in the upstream 

moving net (Fig. 16). The average total length of fish caught in the fyke nets was 

149.6 mm and the average weight was 36.1 g compared to an average total length of 

102 mm and average weight of 13 g for the rest of the fish PIT tagged in Emerson 

Brook. The largest mover of the fyke net fish was an age one fish, 178 mm long, 

weighing 52.7 g, and moving a total cumulative distance of 569 m over the 2010 

season. Fyke nets were the only place that we collected and tagged age three fish in all 

of Emerson Brook over the entire 2010 season (Fig. 17). 

 

II. Seasonal Variation in Temperature and Water Levels 

The water temperature in Emerson Brook varied seasonally during our study 

(Fig. 12, Table 1). The average temperature during our monitoring period in 2010 was 

10.1°C. Water levels also varied with seasonal runoff, rainfall, and water temperature 

(Fig. 13). The Emerson Brook staff gauge read, on average, a water level of 9.1 cm 

above the streambed. The pH also fluctuated in accordance with rainfall and water 

temperature and averaged 6.4 (Fig. 14). 

 

III. Habitat Survey Results 

There is a diverse subset of habitats in Emerson Brook. Through our habitat 

survey, we documented habitat characteristics for every square meter of wetted habitat 
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in Emerson Brook in fall 2010 and spring 2011. Although habitats can change due to 

high water flow, we are confident that our methods represent the habitat availability in 

Emerson Brook accurately (Fig. 18, Fig. 19, Table 3, Table 4). Overall, Emerson 

Brook consisted of 21% pool habitat, 42% riffle habitat, 29% cascade habitat, and 8% 

waterfall habitat during the time surveyed (Fig. 18, Table 3). When the three reaches 

were parsed out, Reach 3 had the highest percentage of cascade and pool habitat. By 

comparison, Reach 3 had less than half the percentage of riffle habitat that was present 

in Reach 1 and 2. Reach 2 had the largest proportion of waterfall habitat due to the 

inclusion of the upper waterfall.  

Many of the habitat types present in Emerson Brook include two types of 

instream wood: 1) logs, or discrete and individual pieces of wood, or 2) wood jams, or 

multiple pieces of wood, each contributing to a jam structure. Overall, Emerson Brook 

contained 5% of the wetted surface area as logs and 12% as wood jams (Fig. 19, Table 

4).  Reach 3 had the smallest percentage of wood jams, but the most logs. Reaches 1 

and 2 had high percentages of wood jams, while Reach 3 had the highest percentage of 

logs.  

 

1V. Habitat & Fish Locale Data Analysis 

Our first objective was to quantify habitat and instream wood use by brook 

trout comparing use across populations and between age classes of fish. In general, the 

brook trout in Emerson Brook preferred pool habitat and habitat with wood jams 

nearby. Recall that we broke our fish up into two different age classes: YOYs (fish at 
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age zero) and adults (fish older than age zero). Our data indicates that fish used habitat 

differently depending on their age class. In general, we found a positive relationship 

between adult biomass (g/m2) and amount of pool habitat present (Fig. 21). 

Conversely, we saw a negative relationship between YOY biomass and amount of 

pool habitat present (Fig. 20). We also found a positive relationship between biomass 

of both YOYs and adults and the amount of riffle habitat available (Fig. 21). A 

negative relationship existed between both YOY and adult biomass and woody habitat 

as logs present (Fig. 22), while a positive relationship was found between both age 

class’s biomass and woody habitat as wood jams present (Fig. 23). We found a 

positive relationship between adult biomass and cascade habitat present and a negative 

relationship between YOY biomass and cascade habitat (Fig. 24). 

We also examined patterns of habitat use by brook trout in Emerson Brook. 

For all brook trout combined, YOYs occupied pool habitat significantly more than any 

other habitat (Pearson Chi-Square = 21.836, df = 2, p<0.001). Also, YOYs were 

detected significantly more in the vicinity of wood jams compared with logs (Pearson 

Chi-Square = 10.880, df = 2, p<0.001). Adult brook trout location was not 

significantly correlated with wood jam or log location. However, adults were detected 

significantly more often in pools with both logs and wood jams (compared to pools 

without wood) and in riffles without wood (Pearson Chi-Square = 121.406, df = 4, 

p<0.001). 

We see similar results for Reach 1 fish independently. YOYs were detected in 

pools significantly more than any other habitat type (Pearson Chi-Square = 21.874, df 

= 2, p<0.001).  In addition, YOYs were detected significantly more in the vicinity of 
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wood jams than logs and significantly more often than adult fish in these same habitats 

(Pearson Chi-Square = 13.000, df = 2, p<0.001). Adults were detected significantly 

more in pools with either logs or wood jams (than in pools without wood) and in 

riffles without wood (Pearson Chi-Square = 117.079, df = 4, p<0.001). Adult brook 

trout location was not significantly correlated with wood jam or log location when 

compared individually. We did not see these same trends in brook trout in Reach 2 or 

Reach 3: there were no significant relationships between age classes and habitat type 

or age classes and wood. Some of the possible comparisons for fish in Reach 2 and 

Reach 3 did not have a large enough sample size in each category to perform chi-

square analyses. 

 

V. Movement Data Analysis 

 Our second objective was to quantify trout movement and to subsequently 

compare movement between seasons, and between age and length classes. We also 

wanted to compare movement across populations based on location and extent of the 

waterfalls in conjunction with the structure suggested by the genetic data (Reaches 1, 

2, 3; defined earlier). Recall that we used total movement (TM), average movement 

per day (AMPDay), average movement per detection (AMPDetect), minimum average 

movement per detection (MinAMPDetect), and maximum average movement per 

detection (MaxAMPDetect) as metrics of fish movement for our study. When using 

AMPDetect, MinAMPDetect, and MaxAMPDetect, we had multiple detections (or 

repeated measures) per fish included.  We chose to include these data in order to 
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prevent a severe decrease in the size of our dataset. Brook trout in Emerson Brook (on 

average 107 mm in total length) moved continually throughout the season with an 

average total movement of 98 m over the course of the season in 2010. TM of brook 

trout in Emerson Brook ranged from 0.1 m to 647 m. AMPDay ranged from 0.00083 

to 32 m/day, while AMPDetect ranged from 0 to 51.3 m/day.  

We related TM and AMPDay to total length of fish to examine if length was a 

strong predictor of distance moved.  We analyzed the data for these relationships with 

fish from all reaches combined and sorted among the three reaches. TM was positively 

correlated with length for Reach 2 fish only (df = 11, R2 = 0.373, p = 0.035) (Fig. 25). 

There was a significant positive relationship between AMPDay and total length of fish 

from all reaches (df = 134, R2 = 0.148, p < 0.001) (Fig. 26), for Reach 1 fish (df = 110, 

R2 = 0.164, p < 0.001) (Fig. 27), and for Reach 2 fish (df = 11, R2 = 0.481, p = 0.012) 

(Fig. 28). We did not find statistical significance for Reach 3 fish; instead, fish in 

Reach 3 showed a slight negative trend between length and distance moved for both 

TM and AMPDay. 

We regressed TM and AMPDay with age for all fish monitored in Emerson 

Brook and also sorted fish by reach. Although all comparisons yielded positive trends, 

only age and AMPDay for Reach 2 fish returned a significant trend (df = 13, R2 = 

0.316, p = 0.036) (Fig. 29). 

We performed linear regressions between movement and reach for all fish 

combined and age one fish only (there were not enough fish in other age cohorts to run 
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this analysis separately beyond age one fish). AMPDay was negatively correlated with 

reach for age one brook trout only (df = 112, R2 = 0.037, p = 0.042) (Fig. 30). 

We used linear regression to compare AMPDetect to date in the season. We 

conducted this analysis for all brook trout combined and also by parsing our data out 

by reach, age, and both reach and age. AMPDetect was negatively correlated with 

time in season for all reaches combined (df = 393, R2 = 0.052, p < 0.001) (Fig. 31), 

Reach 1 fish only (df = 338 , R2 = 0.033, p = 0.001) (Fig. 32), and Reach 2 fish only 

(df = 31, R2 = 0.349, p < 0.001) (Fig. 33). AMPDetect was not significantly correlated 

with date in the season for Reach 3 fish. AMPDetect was negatively correlated with 

time in the season for age 0 fish (df = 86, R2 = 0.082, p = 0.007) (Fig. 34), and age 1 

fish (df = 340, R2 = 0.021, p = 0.007) (Fig. 35). AMPDetect was not significantly 

correlated with time in the season for age 2 fish. AMPDetect was negatively correlated 

with time in season for age zero fish from Reach 1 (df = 84, R2 = 0.077, p = 0.01) (Fig. 

36) and for age one fish from Reach 2 (df = 32, R2 = 0.253, p = 0.003) (Fig. 37). 

AMPDetect was not significantly correlated with time in the season for several of the 

small subgroups of data including: Reach 1/age one fish (age one fish from Reach 1), 

Reach 1/age two fish, and Reach 3/age one fish. Some subgroups did not contain 

enough data to perfomr regression analyses.  

  We regressed MinAMPDetect and MaxAMPDetect with date for brook trout 

from all reaches combined and by parsing our data by reach. MaxAMPDetect was not 

significantly correlated with date. There was, however, a negative trend between these 

variables, suggesting that brook trout were not making large movements later in the 

season. We saw similar negative trends in the MinAMPDetect (no statistical 
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significance). These analyses are consistent with the trend of a decrease in AMPDetect 

for brook trout in Emerson Brook as the season progressed.  

We also performed multiple regression analysis using TM, AMPDay, or 

AMPDetect as influenced by average daily temperature, date in the season, reach in 

the stream, age of the fish, total length, weight, and relative weight. When analyzing 

TM, there were no significant models using combinations of multiple predictors. For 

AMPDay, the best model used reach and total length as predictors (df = 131, R2(adj) = 

0.177, p < 0.001). There were two other models that had overall significance, but one 

of the predictors was not considered significant (the predictors in the model that were 

not individually considered significant were still contributing to the model and overall 

significance): 1) reach, total length, weight (weight was not significant) (df = 120, 

R2(adj) = 0.175, p < 0.001), 2) reach, total length, and relative weight (relative weight 

was not significant) (df = 130, R2(adj) = 0.174, p < 0.001). When using AMPDetect, 

the best model used detection date, reach, total length, and relative weight as 

predictors (df = 422, R2 = 0.191, p < 0.001).   

 

VI. Movement as Influenced by Habitat Use Analysis 

 Our third objective was to relate movement to habitat type used overall. We 

used linear regression analysis to compare TM and AMPDay to the percentage of time 

brook trout were detected in pools and riffles.  TM and AMPDay were not 

significantly correlated to the percentage of time a fish was detected in either pools or 

riffles. However, AMPDetect was significantly larger before brook trout were detected 
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in pools compared to brook trout detected in riffles (Paired T-test, T = 4.22 p < 0.001) 

(Fig. 38).  

 

VII. Genetic Analysis 

Results from the genetic analysis completed by M. Bartron corroborate our 

hypothesis that different subpopulations exist between the natural geomorphological 

features within Emerson Brook.  M. Bartron analyzed adipose fin clips from fish 

sampled from five different sites. Fifty samples were taken from Reach 3 (above the 

upper waterfall), forty-nine from Reach 2 (between the lower and upper waterfalls), 

and sixty-three from Reach 1 (below the lower waterfall) (Fig. 2). These samples were 

compared to 50 samples collected from brook trout captured previously (spring 2007) 

in the mainstem of Nash Stream most proximate to the Emerson Brook outflow. In 

addition, 100 samples had been obtained previously (spring 2007) from Twin 

Mountain Hatchery (Carroll, New Hampshire) that were analyzed to determine 

whether Emerson Brook fish were of native or hatchery decent. 

A gradient of genetic diversity exists within the brook trout population in 

Emerson Brook with the most upstream site having the least amount of diversity 

compared to the downstream sites (Bartron, unpublished report). Fish from Reach 3 

had the fewest number of alleles per locus (Na) and lowest allelic richness (Ar) 

(Na=3.33, Ar=3.32) relative to fish from Reach 1 (Na=7.25, Ar=6.94). Estimates of 

expected and observed heterozygosity were also lower in the headwater fish (Reaches 

2 and 3) compared to the downstream fish (Reach 1), which is consistent with the low 
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number of observed alleles in the more upstream fish (Table 5). Effective population 

size estimates from the microsatellite data indicated that Reach 3 and Reach 2 had 

extremely low effective population sizes (Table 5). This is likely due to low total 

populations and isolation due to the lower and upper waterfalls affecting upstream 

movement rates. The area of Nash Stream that was sampled had 5.8 alleles per locus 

and an allelic richness value of 5.74. The Twin Mountain Hatchery had 5.75 alleles 

per locus and an allelic richness value of 4.3. Generally high levels of genetic 

differentiation between subpopulations in Emerson Brook, the Nash Stream 

population, and the Twin Mountain Hatchery population are supported by estimates of 

pairwise differences in allele frequency (Fst). All possible pairwise Fst comparisons 

across subpopulations in Emerson Brook, Nash Stream and Twin Mountain Hatchery 

were significantly different, following Bonferroni corrections for multiple 

comparisons (Table 6) (Bartron, unpublished).  

 

DISCUSSION 

I. Pit Tagging as a Means of Tracking Brook Trout in Emerson Brook 

  PIT tagging as been a useful data collection tool in fisheries for the past two 

decades. Our study did not include data spanning more than one field season, and as 

such, potential tag loss during spawning was not problematic. Although some tags that 

were not found or detected may have been expelled during spawning, decreasing the 

amount of movement data at the end of our season, we had ample PIT tag detections 

of live fish after spawning season. We observed brook trout participating in spawning 
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starting in the middle of September and still had a third of our total detections occur 

between September 15th and November 30th. If we continued to collect data for 

subsequent seasons, we would have to further incorporate measures of tag loss or 

tagging related mortality. In summary, our data suggests that PIT tag technology is an 

efficient method for monitoring a population of brook trout in a small mountain stream 

like Emerson Brook.  

 

II. Seasonal Variation in Temperature and Water Levels 

The water temperature and pH of Emerson Brook from May to November 

2010 were well within the ranges reported in the literature as being suitable for brook 

trout (Power 1980, Schofield et al. 1993, Baldwin 1951, Raleigh 1982). Although 

water temperatures did spike above 18°C on five days, this is far below the critical 

thermal maxima temperatures of 25.3°C and higher reported in the literature for brook 

trout (Fry et al. 1946, Lee and Rinne 1980, Selong et al. 2001, De Staso and Rahel 

1994). Additionally, the water temperature was above 18°C only during the hottest 

part of the afternoon (1200-1800) on each of these days. There is evidence to suggest 

that stream salmonids have adapted to living in cyclic thermal regimes approaching 

their upper tolerance level, with short periods of near lethal temperatures occurring 

periodically within a range of sublethal temperatures (Wehrly et al. 2007). Since the 

temperatures we documented in Emerson Brook fell far below the reported thermal 

maxima, these brook trout were most likely unaffected by the temperatures reached. 

Although other tributaries to Nash Stream have been documented having colder 
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summer water temperatures than Emerson Brook, Emerson Brook was, on average, 

2°C colder than Nash Stream in Summer 2010. Also, Emerson Brook seems to be less 

prone to flash flooding than other tributaries to Nash Stream during high water events 

(R. E. D. Whitaker, personal observation). The stable water temperatures and water 

levels appear to make Emerson Brook an excellent location for brook trout.  

 

III. Suitable Brook Trout Habitat in Emerson Brook 

Brook trout require a variety of high quality habitat types to complete their life 

cycle including spawning habitat, nursery or rearing habitat, foraging habitat, and 

overwintering refuges (Behnke 1992, Chisholm and Hubert 1987, Cunjak 1996). A 

significant deficiency in any one of these habitat types has been suggested to 

potentially limit wild brook trout populations (Behnke 1992, Matthews 1996, 

Swanberg 1997). Therefore, it is critical for trout populations to have sufficient 

quantities of each of these habitat types to persist in mountain tributaries like Emerson 

Brook. The study site on Emerson Brook consists of 29% cascade habitat and 8% 

waterfall habitat. Both of these habitat types have gradients and water velocities 

making them virtually unusable to brook trout. However, Emerson Brook also 

contains 42% riffle habitat, which brook trout use as corridors during movement and 

for spawning, and 21% pool habitat, which brook trout predominantly use for resting, 

refuge, and feeding. We documented that there is a diverse sample of habitat types 

available to brook trout in Emerson Brook and those brook trout that might immigrate 

into Emerson Brook for thermal refuge or spawning.  
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IV. Habitat & Brook Trout Locale  

Two major findings resulted from the habitat use analysis of brook trout in our 

study: first, brook trout in Emerson Brook preferred pool habitat to riffle, cascade and 

waterfall habitat. Secondly, brook trout in Emerson Brook preferred habitat associated 

with instream wood. Both of these findings are consistent with brook trout and other 

salmonid habitat use documented in the literature (Raleigh 1982, Nuemann and 

Wildman 2002, Richmond and Fausch 1995, Riley and Fausch 1995). More 

particularly, YOYs appeared to be selecting pool habitat with wood jams over other 

potential habitats available in Emerson Brook. Adult brook trout associated more with 

pools that have either logs or wood jams present and in riffles lacking wood. Pool use 

by both age classes was probably due to low water velocities, high oxygen content, 

and food and cover availability that are typical in pools. Riffle use by adult brook trout 

may be explained by our detection of these fish during active movement between 

habitats or due to fish being scared away from pool habitat into riffles by our approach 

when wanding. 

Brook trout in Emerson Brook were probably using woody habitat for cover 

and also to take advantage of the biogeochemical hotspots that tend to be associated 

with them (McIntyre et al. 2008, Warren et al. 2007). Wood jams provide refuge and 

forage for macroinvertebrates (Benke et al. 1985, Wallace et al. 1993, Pitt and Batser 

2011, Nislow and Lowe 2006, Lemly and Hilderbrand 2000, Johnson et al. 2003), 

which brook trout depend on as a major food resource. Wood jams also retain 
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sediment, leading to increased phosphate and nitrogen sequestration and therefore 

directly influence productivity (Megahan 1982, Nakamura & Swanson 1993, 

Richmond and Fausch 1995, Johnson et al. 2003, Riley and Fausch 1995).  Overall, 

instream wood enhances aquatic habitat diversity by creating hydraulic complexity 

(Sullivan et al. 1987), increasing course and fine organic matter (Bilby and Ward 

1991, Wallace et al. 1995), and by creating off-channel habitat (Swanson et al. 1976; 

Bryant 1982; Beschta and Platts 1986). Brook trout in Emerson Brook were most 

often found in oxygen-rich, refuge-providing pools and by food-rich instream wood. 

 

V. Movement Patterns of Brook Trout in Emerson Brook 

We observed five major trends from the movement results of this study. The 

first is that larger brook trout within Emerson Brook moved more over the course of 

the season (TM) compared to smaller bodied brook trout. This trend was present 

within all of Emerson Brook and significant for brook trout residing in the Reach 2 

subpopulation. Additionally, larger brook trout moved more per day (AMPDay) than 

did smaller brook trout. This trend was significant for all reaches combined, and also 

in Reach 1 and 2 subpopulations analyzed individually. Larger brook trout in Emerson 

Brook were probably moving more due to their ability to navigate higher flows and 

more challenging instream terrain than smaller bodied brook trout. Reach 1 was the 

largest reach in our study site, which could explain the significant results in Reach 1 

for our AMPDay analysis. For this portion of Emerson Brook, brook trout simply have 

more area to traverse to find essential resources. Also, the pool habitat available in 
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Reach 1 is largely interspersed with riffle habitat, which larger-bodied fish may 

navigate more easily than cascade or waterfall habitat. In Reach 2, however, the 

waterfalls limit brook trout movement both upstream and downstream. Reach 2 also 

has the smallest proportion of pool habitat available to brook trout (13% in Reach 2 

compared to 19% in Reach 1 and 31% in Reach 3). The larger brook trout in Reach 2 

may move more in order to seek out the relatively sparse pool habitat that will provide 

the resources they need. 

Fish inhabiting Reach 3 were unique, as TM and AMPDay were not 

significantly correlated with length. One potential reason behind the a lack of 

significance when comparing movement trends in Reach 3 could be due to the large 

proportion of pool habitat that exists in this segment of Emerson Brook (31% pool 

habitat in Reach 3 vs. 19% in Reach 1 and 13% in Reach 2). Perhaps brook trout were 

not moving significantly more as they get bigger because they were more likely to find 

suitable pools and did not have to move as much in order to access needed resources. 

Furthermore, brook trout may not have to move as far to get from one pool habitat to 

another because of the high abundance of pools across Reach 3. A pool rich region of 

a stream might decrease the need for regular movement per day and over the course of 

the season.  

A second major trend in our movement data was that as brook trout get older, 

they tend to move more. However, when age was used as a predictor for movement, 

there were fewer significant correlation than when body length was used as a 

predictor. Body size can range within age classes of fish and a fish’s ability to 

navigate higher velocity water, defend productive pool habitat, and compete for food 
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depends on its size. Therefore, this suggests that parsing our brook trout by age is too 

coarse to see significant trends, whereas using total length, which is a more continuous 

variable, produced significant results.  

Our third major finding was brook trout were moving less fauther upstream. 

For age one brook trout only, we found this trend to be significant. Reach 3 brook 

trout moved less than Reach 1 and 2 brook trout and this trend tracks with age. One 

potential reason behind this limited movement could be that Reach 3 largely consists 

of cascade habitat. Cascade habitat typically has a higher gradient and velocity, and 

these features could in turn reduce brook trout movement. Although brook trout have 

been documented as having the ability to jump 70+cm waterfalls (Kondratieff and 

Myrick 2006), this type of movement requires a large output of energy, and it is not 

likely that the Reach 3 brook trout are navigating these cascades frequently.  

Another reason behind the decreased movement we observed in Reach 3 brook 

trout could be due to the large proportion of pool habitat that exists in this segment of 

Emerson Brook (31% pool habitat in Reach 3 vs. 19% in Reach 1 and 13% in Reach 

2). Perhaps brook trout are not moving as much as they get bigger because they are 

more likely to find suitable pools and do not have to move in order to access needed 

resources. Furthermore, brook trout may not have to move as far to get from one pool 

habitat to another because of the high abundance of pools across Reach 3. A pool rich 

region of a stream would decrease the need for regular movement.  

 Our fourth major finding from our movement data is that brook trout in 

Emerson Brook were moving less later as the season progressed. We observed this 
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using AMPDetect as a movement metric and noted that this was a significant trend for 

many of our classes of brook trout, indicating that brook trout have higher average 

daily movement rates early in the season. This is contrary to our original prediction 

that brook trout would make larger movements later in the season in order to 

participate in critical spawning events. Again, Reach 3 brook trout were unique 

relative to brook trout in Reaches 1 and 2. In spite of uncovering a significant negative 

trend for movement over the season for all brook trout combined, and Reach 1 and 2 

separately, AMPDetect was not significantly correlated with date in the season for 

Reach 3 fish, which could be a result of the smaller population size present there.  

It appears that the brook trout in Emerson Brook were not making large 

movements at the time of year when they were participating in critical spawning 

events. Spawning is an energy intensive act in a fish’s life history. In small headwater 

tributaries, like Emerson Brook, winter survival is also an energy intensive part of a 

resident fish’s life. Surface and anchor ice formation decreases the amount of suitable 

habitat for brook trout, forcing them to congregate in numbers not usually seen during 

the spring, summer, and fall in the remaining suitable habitat (Jakober et al. 1998, 

Brown and MacKay1995). Where other studies have documented salmonids making 

large movements to more suitable overwintering habitat just after spawning (Jakober 

et al. 1998, Brown and MacKay 1995), we did not observe this same increase in 

movement after spawning in Emerson Brook. Coupled with no apparent large 

movements just prior to or during spawning, perhaps this population has developed a 

strategy to cope with two energy intensive intervals of their life history that are closely 

linked in time. If the brook trout in Emerson Brook made large energy intensive 
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movements during spawning, perhaps they would be far less fit for overwinter 

survival. 

Lastly, brook trout movement is not influenced simply by one factor, but by a 

combination of many factors. The multiple regressions that we conducted comparing 

TM, AMPDay or AMPDetect to average daily temperature, date in the season, reach 

in the stream, age of the fish, total length, weight, and relative weight produced similar 

results. The best combination of predictors included location in the stream and a 

measure of fish condition. We did not get significant results comparing TM to the 

factors listed above, but when we used AMPDay and AMPDetect, the predictors that 

produced the best model explaining why brook trout were moving included location in 

the stream (represented here by reach) and a measure of the fish’s condition 

(represented by length). AMPDetect results were similar, but here date was also 

included as a contributing factor. The inclusion of this predictor in these results is 

probably implicated because of how we defined AMPDetect and its relation to time in 

the season. Brook trout that were in better condition (i.e., they were longer than others 

in their age cohort) will be better able to move in order to find suitable habitat. Also, 

these brook trout in sections of Emerson Brook that have more pool habitat or fewer 

cascades and fast moving riffles would be able to move more easily than those brook 

trout located in more difficult to navigate habitat mosaics. 

 

VI. Movement as Influenced by Habitat Use Analysis 
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We observed one potential trend and one significant trend when looking at the 

impact of habitat use on brook trout movement. First, it appears that brook trout 

continually detected in pools move less than fish detected in riffles. This was 

somewhat contrary to our significant finding of brook trout moving more (measured 

by AMPDetect) before we detect them in pool habitat, compared with smaller 

movements before we detect them in riffle habitat. Taken together, these data suggest 

that brook trout were moving more before we detected them in pools and then 

presumably moving less once in pools. This could be a result of us detecting brook 

trout in riffles as they move from one suboptimal habitat to another. Many studies 

have documented that pools contain the highest density of salmonids in a stream (Lau 

1994, Roni and Quinn 2001, Blanchett et al. 2006). Since salmonids prefer this type of 

habitat, once they place themselves within this habitat, they do not need to continue 

moving in order to find the resources that they need. 

 

VII. Genetic Analysis of Brook Trout in Emerson Brook, NH 

 Microsatellite based genetic data suggest that the allelic diversity and effective 

population size decreases upstream in Emerson Brook, from Reach 1 to Reach 3 

(Bartron, unpublished). This pattern is consistent with what has been documented 

from brook trout populations within other isolated headwater tributaries to Nash 

Stream (Bartron, unpublished data). In the case of Emerson Brook, both Reach 2 and 

Reach 3 are isolated by waterfalls, decreasing the opportunity for brook trout to move 

upstream and potentially interbreed with brook trout from the neighboring reach. As 
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such, movement within Emerson Brook across the waterfall barriers is largely 

restricted to downstream passage only. Low microsatellite-inferred allelic diversity 

and low effective population size (Table 5), as well as high pairwise differentiation 

(Table 6), in Reach 3 compared to the other reaches studied in Emerson Brok indicates 

that there little if any movement of brook trout inhabiting the downstream reaches into 

the upper reach (Bartron, unpublished). This is consistent with a lack of movement 

upstream through the upper waterfall, and is corroborated by data from our wanding 

surveys throughout the 2010 season. Reach 2 is also isolated, but may receive influx 

from trout residing in Reach 1 and 3 in the event of high flows (Bartron, unpublished 

data). High flows can wash fish downstream and increase upstream mobility through 

higher water volumes and flow outside of the regular stream channel. This can open 

up less challenging routes around what are normally barriers to upstream movement. 

This is also consistent with our wanding survey findings for 2010, as we observed five 

brook trout that navigated through the lower waterfall, moving from Reach 1 into 

Reach 2. 

The genetic analysis of brook trout from Reach 1 indicates minimal sharing of 

alleles with individuals from Reach 2 and 3 through their downstream movements, and 

more shared alleles with the Nash Stream and Twin Mountain hatchery strains of 

brook trout (Appendix 1 of Bartron, unpublished). Reach 1 is linked to the upstream 

subpopulations through any downstream movement of brook trout from the upper 

reaches plus any movement of fish from Nash Stream into Reach 1 of Emerson Brook. 

Reach 1 brook trout are also genetically linked to brook trout from the Twin Mountain 

hatchery strain, which are stocked annually into Nash Stream and may have interbred 
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with wild conspecifics at some point, although Fst values indicate low levels of 

introgression. Some of the alleles observed from brook trout in Reach 2 and 3 of 

Emerson Brook are distinct from those of brook trout residing in Nash Stream and 

those sourced from the Twin Mountain hatchery. This explains the increased number 

of alleles at all microsatellite loci observed in fish from Reach 1, suggesting Reach 1 

shares more alleles with both the upstream reaches (Reaches 2 and 3) and the 

downstream populations (Nash Stream and the hatchery strain) than these two 

separated groups share with each other. Although some low level of introgression has 

probably occurred between hatchery and native strains, the significant and relatively 

pairwise Fst values (indicating the level of genetic mixing between two subpopulations, 

with higher Fst values representing lower amounts of mixing) between both the native 

Reach 1 and Nash Stream collections and the Twin Mountain Hatchery sample 

suggests that introgression, if occurring, is not prevalent. 

 

VIII. General Conclusions 

Conservation and management of wild species begins with understanding of a 

species’ habitat needs. Brook trout populations exist in many different lotic systems, 

but little work has been done on small mountain streams in Northern New Englad, 

such as Emerson Brook. Habitat use by brook trout in Emerson Brook was similar to 

that reported for other salmonids, and this study supports the finding that brook trout 

in small, mountain streams need habitat diversity and specifically require pool habitat 

and instream wood.  
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Emerson Brook has a complicated genetic structure that should be considered 

in any future work done within this stream. Subpopulations that have physical 

restrictions to their movement, like the brook trout in Reach 2, should be carefully 

considered when management decisions are made. Although the subpopulation in 

Reach 2 shares alleles with brook trout in both Reach 1 and 3, the allelic diversity and 

effective population size was lower than that of Reach 1 and Nash Stream. This 

subpopulation in Reach 2 is important because it may contribute to genetic diversity in 

subpopulations downstream through potential downstream movement. The same 

applies to brook trout in Reach 3. Although allelic diversity and effective population 

size are severely reduced in brook trout from Reach 3 relative to brook trout in Reach 

1 and Nash Stream, periodic downstream passage of brook trout from Reach 3 could 

increase genetic diversity mixing and subsequent allelic diversity in these downstream 

locations as well. The decreased movement of brook trout that we observed in the 

Reach 3 subpopulation could be a result of the different array of habitats available in 

this stretch of stream or a unique behavior that has resulted from this population being 

isolated from others. Future work is required to more fully understand movement 

patterns in genetically distinct isolated headwater subpopulations of brook trout like 

those in Reach 3 of Emerson Brook. 

Mountain streams that have fragmented subpopulations, as seems likely for 

Emerson Brook, should be carefully considered in watershed-wide management. 

Although the Nash Restoration Project has focused a large amount of their effort on 
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the Nash mainstem due to the work needed there to restore quality salmonid habitat, 

tributaries like Emerson Brook may be an important habitat and genetic resource for 

mainstem brook trout. Tributaries like Emerson Brook provide coldwater input into 

Nash Stream, constitute a refuge for mainstem brook trout when temperatures 

increase, and offer an opportunity for genetic mixing when mainstem brook trout enter 

the tributary to spawn.  
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Figures and Tables 

 

	  

Figure 1: Emerson Brook is located in the Nash Stream State Forest in Coos County, 
New Hampshire. Note the bold black line delineating the Nash Stream Watershed. The 
red circle denotes the area formerly referred to as Nash Bog Pond. Image provided by 
NHFG and updated by R. E. D. Whitaker July 2011. 
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Figure 2: Schematic of Emerson Brook Study Site. We collected adipose fin clips for 
genetic analysis from the three reaches. Those areas marked here by yellow (sections 
0-30, 50-56.2, 60-77.9) indicate areas where PIT tagging took place. In total we PIT 
tagged 140 brook trout measuring 60-234 mm (total length). 
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Figure 3: The Lower Waterfall on Emerson Brook is located at section 55.4, and is a 
waterfall/cascade that is 7.2 m long, 2.4 m wide, and has a 44% gradient. 
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Figure 4: The Upper Waterfall on Emerson Brook is located from section 66.5 to 67.9. 
It is a series of glides, waterfalls, cascades, and pools and is 14.5 m long, on average 
6.7 m wide, and has a 42% gradient. 
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Figure 5: Fyke nets were stationed at section 4.1 on Emerson Brook from 25 May 
2010 to 24 November 2010. One net is facing downstream (in the foreground), to 
catch fish moving upstream into Emerson Brook, and one facing upstream 
(background), to catch fish moving downstream and out of Emerson Brook. Fyke nets 
were deployed for up to five days a week (except when high water flows made them a 
dangerous location for fish) to monitor immigration and emigration of fish and to 
present other PIT tagging opportunities throughout the season. 

 

 

 

 

 



	   78	  

 

Figure 6: a. Ken-A-Vision Microprojector X-1000. b. a projected image of a Eastern 
brook trout scale. The yellow line denotes the first year annulus. Wider spaced 
concentric circles outside the yellow arrow represent productive summer growth for 
the 2010 season. 
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Figure 7: The wanding unit consists of two inch PVC, a portable PIT tag reading 
computer (Destron Fearing Digital Angel Corporation – Portable Transceiver System 
Model FS2001-ISO), a portable PIT tag reading hoop, foam padding for comfort, and 
duct tape for increased durability. 

 

 

Figure 8: We documented all available brook trout habitat in the Emerson Brook study 
site. The area highlighted in orange is a longitudinal section of stream we classified as 
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Figure 8 (continued) a riffle. Within the general overall classification of riffle, we 
classified microhabitats; in this case, pools (highlighted in yellow). 

 

Figure 9: We documented instream wood that might influence brook trout, including 
all stable wood or wood jams and woody habitat that affected stream flow in the 
Emerson Brook study site. We classified wood at a fine scale to be consistent with our 
wanding survey wood classifications and to document wood that might be important 
for brook trout habitat. Here I have highlighted an example of a classic wood jam 
including several large logs, section 6.9 of Emerson Brook. 

 

	  



	   81	  

 

Figure 10: We documented instream wood that might influence brook trout, including 
all stable wood or wood jams and woody habitat that affected stream flow in the 
Emerson Brook study site. We classified wood at a fine scale to be consistent with our 
wanding survey wood classifications and to document wood that might be important 
for brook trout habitat. Here I have highlighted an example of a large log, section 8.4 
of Emerson Brook. 

 

 

 

	  



	   82	  

 

Figure 11: We documented instream wood that might influence brook trout, including 
all stable wood or wood jams and woody habitat that affected stream flow in the 
Emerson Brook study site. We did not count wood or wood/leaf jams that were likely 
to be continually moved downstream and that appeared to have no specific function 
(e.g., sediment retention, pool forming, wood jam forming, or cover for fish). Here I 
have highlighted two examples of instream wood that we did not count. 
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Figure 12: Hourly temperature measured in Emerson Brook, summer 2010. Data are 
from a temperature logger deployed in Emerson Brook at section 8.2 from 7 May 2010 
to 20 November 2010. Two days of temperature data are missing due to data logger 
switch over on 2 and 3 of October 2010. 
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Table 1: Monthly average water temperatures in Emerson Brook, summer 2010. Data 
are from a temperature logger deployed in Emerson Brook from 7 May 2010 to 20 
November 2010. Two days of temperature data are missing due to data logger switch 
over on 2 and 3 of October 2010. 

Month 
Number of 

Temperature 
Readings 

Average 
Temperature 

(°C) 

May 586 8.83 

June 720 11.18 

July 744 14.94 

August 744 13.23 

September 720 11.97 

October 669 6.43 

November 471 4.11 

 

 

Figure 13: Water level in Emerson Brook, summer 2010. Data were collected from a 
staff gauge anchored in the streambed at section 9.4. We noted staff gauge 
measurements whenever we were in the field from 03 May 2010 to 30 November 
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Figure 13 (continued) 2010. The average water level measurement for the season was 
9.1 cm. * denotes a period of flooding from high rain in the beginning of October 

 

 

Figure 14: pH in Emerson Brook, summer 2010. Data were collected whenever we 
were in the field from 03 May 2010 to 30 November 2010. The average pH 
measurement for the season was 6.4. 
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Figure 15: Distribution of brook trout age classes in Emerson Brook, summer 2010. 
78% of the fish that we monitored were age 1, based on our scale sample estimates. 

 

Table 2: Age cohort population percentage by reach for PIT tagged brook trout in 
Emerson Brook, summer 2010. We caught age zero fish not large enough to tag (and 
so are not included in this table) in each of the three reaches: Reach 1 (N = 29), Reach 
2 (N = 18), and Reach 3 (N = 3). 

Reach Age 0 Age 1 Age 2 

1 18% 74% 8% 

2 0% 100% 0% 

3 0% 100% 0% 

 

N	  =	  23	  

N	  =	  114	  

N	  =	  10	  

0 

20 

40 

60 

80 

100 

120 

Age 0 Age 1 Age 2 

C
o

u
n

t 
o

f 
Fi

sh
 

Age Distribution in Emerson Brook 
Summer 2010 



	   87	  

 

Figure 16: Brook trout distribution between upstream moving and downstream 
moving fyke net (N = 30) from 25 May 2010 to 24 November 2010.  The majority of 
fish caught in fyke nets were moving into Emerson Brook from Nash Stream. Age is 
in years, TL = Total Length (in mm). We were unable to age two fish that were 
collected in the upstream moving fyke net due to poor scale samples. 
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Figure 17: Age distribution of brook trout caught in the fyke nets at Emerson Brook 
from 25 May 2010 to 24 November 2010 (N = 30). 
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Figure 18: Emerson brook is comprised of several different types of habitat including 
pools, riffles, cascades, and waterfalls. Of the three reaches, reach three has the 
highest percentage of pool habitat; however, it also has the highest percentage of 
cascade. Reaches 1 and 2 have more than twice the amount of riffle habitat, that Reach 
3 has. Reach 2 is the only reach with noticeable waterfall habitat, but this is largely 
due to the upper waterfall being included in Reach 2. 
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Table 3: Summary of habitat distribution in Emerson Brook in square meters. 
Although Reach 3 has the highest percentage of pool and cascade habitat, in terms of 
square meters of habitat it has far less available to fish than Reach 1. 

Habitat Type Reach 1 Reach 2  Reach 3  Total 

Cascade 406.27 44.09 187.55 637.91 

Waterfalls 1.99 101.79 0.33 104.10 

Pool 317.73 54.33 109.69 481.74 

Riffle 943.78 226.47 60.68 1230.93 

Total 1669.77 426.67 358.25 2454.68 

 

 

Figure 19: Emerson brook is comprised of several different types of habitat that 
include two types of instream wood: 1) logs or discrete and individual pieces of wood, 
or 2) wood jams or multiple pieces of wood, each contributing to a jam structure. 
Reach 3 has the smallest percentage of wood jams, but the most logs. Reaches 1 and 2 
have high percentages of wood jams, while Reach 3 has the highest percentage of 
logs. 

Table 4: Summary of woody habitat distribution in Emerson Brook in square meters. 
Although Reach 3 has the highest percentage of logs, it has less than half of that of 
Reach 1 in terms of instream wood that are available to fish. 
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Table 4 (continued) 

Habitat Type Reach 1  Reach 2  Reach 3  Totals 

Log 64.29 23.68 24.90 112.86 

Wood Jam 239.78 59.37 7.15 306.29 

No Wood 1365.70 343.62 326.20 2035.53 

Total Wood Area 352.89 83.05 32.14 468.07 

Total Wetted 
Area 

1669.77 426.67 358.25 2454.69 

 

Table 5: Meredith Bartron (USFWS Northeast Fishery in Lamar, Pennsylvania) 
analyzed twelve microsatellites from brook trout from five different sites in Emerson 
Brook, Nash Stream and Twin Mountain Hatchery. A gradient of genetic diversity 
exists within the brook trout population in Emerson Brook with the most upstream site 
(Reach 3) having the least amount of diversity compared to the downstream sites 
(Reach 1, Nash Stream) (Bartron, unpublished report) 

Emerson 
Brook 
Reach 

Genetic 
Sample 

Size 

Number of 
Alleles Per 
Locus (Na) 

Allelic 
Richness 

(Ar) 

Effective 
Population 

Size Ne 
(95% Cl) 

Expected 
Hetero-
zygosity 

Observed 
Hetero-
zygosity 

Reach 3 50 3.33 3.32 
1.6 (1.2-

2.1) 
0.303 0.288 

Reach 2 49 4.12 4.16 
6.1 (3.8-

8.7) 
0.462 0.419 

Reach 1 63 7.25 6.94 
38.5 (29.3-

52.4) 
0.608 0.594 

Nash 
Stream 

50 5.8 7.74 
27.6 (21.0-

37.3) 
0.611 0.575 

Twin Mtn. 
Hatchery 

100 5.75 4.30 
39.8 (30.8-

52.4) 
0.521 0.524 
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Table 6: Pairwise differences in allele frequencies (Fst) between each of the five 
sample sites (Emerson Brook, the neighboring site in Nash Stream, and the Twin 
Mountain Hatchery). All Fst values were significantly different (p < 0.05), following 
Bonferroni corrections for multiple comparisons.  

  Reach 2 Reach 1 Nash Hatchery 

Reach 3 0.123 0.16 0.294 0.334 

Reach 2   0.082 0.19 0.244 

Reach 1     0.089 0.186 

Nash       0.231 

 

Figure 20: A positive relationship between adult brook trout biomass and amount of 
pool habitat present exists for Emerson Brook fish. Conversely, we see a negative 
relationship between YOY brook trout biomass and amount of pool habitat present. 

y = -0.5692x + 0.1894 
R² = 0.69263 

y = 3.3131x + 0.8704 
R² = 0.07853 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

0% 5% 10% 15% 20% 25% 30% 35% 

B
ro

o
k 

T
ro

u
t 

B
io

m
as

s 
(g

/m
2

) 

Percent of Emerson Brook as Pool Habitat 

Brook Trout Biomass vs Pool Habitat Present in 
Emerson Brook Summer 2010 

YOY 

Adult 

Reach 1 

Reach 2 

Reach 3 



	   93	  

Figure 22: We found a positive relationship between biomass of both YOY and adult 
brook trout and the amount of riffle habitat available. 
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Figure 22: A negative relationship exists between both YOY and adult brook trout 
biomass and instream wood habitat as logs present. 

 

Figure 23: We found a positive relationship between both YOY and adult brook trout 
biomass and instream wood habitat as wood jams present. 
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Figure 24: We found a positive relationship between adult brook trout biomass and 
cascade habitat present and a negative relationship between YOY brook trout biomass 
and cascade habitat. 
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Figure 25: Log transformed total movement for brook trout in Reach 2 of Emerson 
Brook. Larger fish move more than smaller fish over the course of the season (N = 12, 
df = 11, R2 = 0.373, p = 0.035).  

 

 

Figure 26: Log transformed average movement per day for all brook trout sampled in 
Emerson Brook. The larger a fish is, the more it will move, on average, each day (N = 
135, df = 134, R2 = 0.148, p < 0.001).  
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Figure 27: Log transformed average movement per day for brook trout from Reach 1 
Emerson Brook. The larger a fish is, the more it will move, on average, each day (N = 
111, df = 110, R2 = 0.164, p < 0.001).  

 

 

Figure 28: Log transformed average movement per day for brook trout from Reach 2 
of Emerson Brook. The larger a fish is, the more it will move, on a daily average (N = 
12, df = 11, R2 = 0.481, p = 0.012). 
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Figure 29: Log transformed average movement per day for brook trout in Reach 2 of 
Emerson Brook. As fish get older, they move greater distances (N = 12, df = 11, R2 = 
0.316, p = 0.036).  

 

 

Figure 30: Log transformed average movement per day for age one brook trout of 
Emerson Brook. The farther up stream a fish is located, the less it moves (N = 113, df 
= 112, R2 = 0.037, p = 0.042).  
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Figure 31: Log transformed average movement per detection of brook trout in 
Emerson Brook. Average daily movement decreases as the season progresses (N = 
394, df = 393, R2 = 0.052, p < 0.001).  

 

 

Figure 32: Log transformed average movement per detection of brook trout from 
Reach 1 in Emerson Brook. Average movement per detection decreases later in the 
season (N = 339, df = 338 , R2 = 0.033, p = 0.001).  
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Figure 33: Log transformed average movement per detection of brook trout from 
Reach 2 in Emerson Brook. Average movement per detection decreases later in the 
season (N = 32, df = 31, R2 = 0.349, p < 0.001).  

 

 

Figure 34: Log transformed average movement per detection of age 0 brook trout in 
Emerson Brook. Average movement per detection decreases later in the season (N = 
87, df = 86, R2 = 0.082, p = 0.007). 
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Figure 35: Log transformed average movement per detection of age 1 brook trout in 
Emerson Brook. Average movement per detection decreases later in the season (N = 
341, df = 340, R2 = 0.021, p = 0.007). 

 

 

Figure 36: Log transformed average movement per detection of age one brook trout 
from Reach 1 in Emerson Brook. Average movement per detection decreases later in 
the season (N = 85, df = 84, R2 = 0.077, p = 0.01). 
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Figure 37: Log transformed average movement per detection of age one brook trout 
from Reach 2 in Emerson Brook. Average movement per detection decreases later in 
the season (N = 33, df = 32, R2 = 0.253, p = 0.003). 

 

 

Figure 38: Log transformed average movement per detection and habitat type for 
brook trout in Emerson Brook. Brook trout move more before they are detected in 
pools than when they are detected in riffles (Paired T-test, T = 4.22 p < 0.001). 
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Appendix 1: Log transformation movement data with corresponding actual movement 
data to put movement figures into perspective 

Log 
Transformation 

Actual Movement  
(m or m/day) 

-8 0.0003 
-7 0.001 
-6 0.002 
-5 0.01 
-4 0.02 
-3 0.05 
-2 0.14 
-1 0.37 
0 1 
1 2.7 
2 7.4 
3 20.1 
4 54.6 
5 148.8 
6 403.4 
7 1096.6 
8 2980.9 

 

 

  

 

 

 

 

 

 

 



Appendix 2: PIT tagged Eastern brook trout data from Emerson Brook 2010 

 

PIT Tag Number 
Date PIT 
Tagged 

Reach 
Tagged 

In 
Section 

Max D/S 
Detection 

Max U/S 
Detection 

Age 
in 

2010 

Total 
Distance 
Moved 

Average 
Distance 

Moved Per 
Day 

Total 
Length 
in 2010 

Weight 
in 2010 

Relative 
Weight in 

2010 

3D9.1C2C571A86 6/2/09 1 26 7.8 11.2 1 38 0.97436 132 29.1 124.73 

3D9.1C2C571BAC 6/2/09 1 24.0 21.7 21.8 1 1 0.00667 * * * 

3D9.1C2C572065 6/29/10 1 21.8 21.8 51.4 1 300 2.09790 100 10.7 106.75 

3D9.1C2C572370 6/29/10 1 22.5 22.4 22.5 1 2 0.04000 93 7.8 97.05 

3D9.1C2C5725B5 6/1/09 1 5 4.1 8.1 1 47 0.94000 126 23.5 116.05 

3D9.1C2C573521 6/28/10 1 16.4 16.4 18.8 1 24 1.50000 102 11.6 108.97 

3D9.1C2C573813 5/26/10 1 4.1 2.6 35.2 1 371 2.92126 134 20.2 82.71 

3D9.1C2C573A79 6/29/10 1 24.2 24.2 43.5 1 193 2.19318 94 7.8 93.94 

3D9.1C2C573B62 6/29/10 1 21.1 20.7 21.1 1 10 0.06494 81 5.1 96.62 

3D9.1C2C573BF5 6/1/09 1 8 8 51 1 442 5.81579 130 23.1 103.72 

3D9.1C2C573CA8 6/29/10 1 30 24.6 30 0 68 0.78161 72 3.5 94.89 

3D9.1C2C573D91 6/29/10 1 26 24 26.6 1 50 0.86207 87 6.2 94.50 

3D9.1C2C573E68 6/29/10 1 29.4 29 32.6 0 72 0.50350 75 3.6 86.20 



PIT Tag Number 
Date PIT 
Tagged 

Reach 
Tagged 

In 
Section 

Max D/S 
Detection 

Max U/S 
Detection 

Age 
in 

2010 

Total 
Distance 
Moved 

Average 
Distance 

Moved Per 
Day 

Total 
Length 
in 2010 

Weight 
in 2010 

Relative 
Weight in 

2010 

3D9.1C2C573E7D 5/26/10 1 4.1 4.1 11.6 0 75 0.97403 77 5.1 112.71 

3D9.1C2C573EF3 6/29/10 1 18.2 16.5 38.6 0 426 3.13235 75 4.2 100.56 

3D9.1C2C573F3C 6/2/09 1 19 20.9 21.5 2 10 0.19608 * * * 

3D9.1C2C573FC4 6/29/10 1 23.6 22.7 55.5 1 647 5.57759 127 25.2 121.49 

3D9.1C2C574076 6/29/10 1 25.5 24.8 26.3 1 23 0.22549 92 7.4 95.15 

3D9.1C2C57419A 6/29/10 1 23.2 23.2 38.1 0 157 1.01948 80 5.2 102.31 

3D9.1C2C574420 6/28/10 1 13 12.3 42.2 1 324 2.09032 84 6.7 113.63 

3D9.1C2C574F99 6/29/10 1 30 29.8 30 0 3 0.02941 78 5.2 110.50 

3D9.1C2C575336 6/29/10 1 21.1 21.1 43.5 1 226 2.11215 93 8.8 109.49 

3D9.1C2C5753A7 6/28/10 1 15.2 15.2 22.4 1 72 2.57143 106 12.3 102.78 

3D9.1C2C57548C 6/29/10 1 28.6 28.6 28.8 1 2 0.25000 111 14.7 106.76 

3D9.1C2C57548D 6/28/10 1 9.6 9.6 9.9 1 3 0.12000 85 6.2 101.43 

3D9.1C2C575585 6/29/10 1 18.4 15.8 21 0 78 0.54545 86 5.7 89.99 

3D9.1C2C5783BB 6/28/10 1 1.1 1.1 9.9 1 103 1.27160 109 12.6 96.71 

3D9.1C2C5784E7 6/29/10 1 23.9 23.8 36.3 1 135 0.87662 86 6.6 104.20 



PIT Tag Number 
Date PIT 
Tagged 

Reach 
Tagged 

In 
Section 

Max D/S 
Detection 

Max U/S 
Detection 

Age 
in 

2010 

Total 
Distance 
Moved 

Average 
Distance 

Moved Per 
Day 

Total 
Length 
in 2010 

Weight 
in 2010 

Relative 
Weight in 

2010 

3D9.1C2C578680 6/2/09 1 21 21 24.8 2 8 0.28571 * * * 

3D9.1C2C57895A 6/2/09 1 29 2.6 48 1 634 5.94080 * * * 

3D9.1C2C57897B 6/28/10 1 4.1 2.6 4.1 1 15 5.00000 105 11.3 97.19 

3D9.1C2C578B41 7/8/10 1 66.4 66.4 66.5 0 1 0.00877 81 5.5 104.19 

3D9.1C2C578BED 6/28/10 1 7.4 7.2 22.8 1 172 1.19444 102 11.8 110.84 

3D9.1C2C578C26 6/29/10 1 20.8 19.8 20.8 1 11 0.28947 131 29.2 128.09 

3D9.1C2C578C3A 6/29/10 1 26.1 26 26.1 1 1 0.06667 91 8.3 110.34 

3D9.1C2C578C65 6/29/10 1 27.4 26.6 27.4 1 16 0.32000 84 5.4 91.58 

3D9.1C2C578D00 6/29/10 1 25.8 25.8 28.7 1 30 2.00000 83 5.2 91.46 

3D9.1C2C578DEE 6/1/09 1 8 8 9.9 1 1 0.07143 * * * 

3D9.1C2C578F74 6/28/10 1 16.6 16.6 32.7 1 289 2.33065 100 12.9 128.70 

3D9.1C2C578FA5 6/29/10 1 24.1 24.1 24.6 1 5 0.18519 94 8.6 103.58 

3D9.1C2C5791B4 6/29/10 1 20.4 20.4 25.4 0 58 0.42647 79 5.3 108.34 

3D9.1C2C57920A 6/29/10 1 23.8 23.8 24.2 0 12 0.08824 70 3.1 91.56 

3D9.1C2C5792A6 6/29/10 1 23.2 23 24.6 1 24 0.30000 85 6.0 98.16 



PIT Tag Number 
Date PIT 
Tagged 

Reach 
Tagged 

In 
Section 

Max D/S 
Detection 

Max U/S 
Detection 

Age 
in 

2010 

Total 
Distance 
Moved 

Average 
Distance 

Moved Per 
Day 

Total 
Length 
in 2010 

Weight 
in 2010 

Relative 
Weight in 

2010 

3D9.1C2C5794A7 6/29/10 1 20.2 20.2 40 1 204 2.00000 105 11.9 102.35 

3D9.1C2C579609 6/1/09 1 4 4 44.4 1 366 10.45714 * * * 

3D9.1C2C5796F4 6/29/10 1 26 25.8 26.1 0 5 0.08621 81 5.4 102.30 

3D9.1C2C57973C 6/28/10 1 15.2 15.2 51.6 1 364 2.52778 150 36.0 104.58 

3D9.1C2C5797E1 6/29/10 1 21.4 18 33.1 1 268 1.87413 87 6.9 105.17 

3D9.1C2C57A2C9 6/29/10 1 30 30 49.2 0 200 1.72414 77 3.8 83.98 

3D9.1C2C57A558 6/2/09 1 24 4.6 24 2 0.1 0.00357 * * * 

3D9.1C2C57A9C8 6/1/09 1 10 10 63.4 1 441 3.10563 * * * 

3D9.1C2C57AC4B 6/29/10 1 29 29 40.7 1 117 2.01724 91 7.3 97.04 

3D9.1C2C57B1D4 6/2/09 1 20 18.8 20 2 6 0.10526 157 39.8 100.64 

3D9.1C2C57B48F 6/28/10 1 11.1 11.1 14.5 1 34 2.12500 98 11.9 126.25 

3D9.1C2C57B4B5 6/29/10 1 22.4 22.3 43.9 1 238 4.10345 114 14.0 93.75 

3D9.1C2C57BB5C 6/28/10 1 17.2 16.8 18.2 0 26 0.22222 77 4.2 92.82 

3D9.1C2C57BCDF 6/28/10 1 15.2 15.2 15.2 1 0.1 0.01111 134 23.3 95.41 

3D9.1C2C57BDB1 6/28/10 1 13.4 10 13.4 0 34 3.77778 79 5.3 108.34 



PIT Tag Number 
Date PIT 
Tagged 

Reach 
Tagged 

In 
Section 

Max D/S 
Detection 

Max U/S 
Detection 

Age 
in 

2010 

Total 
Distance 
Moved 

Average 
Distance 

Moved Per 
Day 

Total 
Length 
in 2010 

Weight 
in 2010 

Relative 
Weight in 

2010 

3D9.1C2C57BE19 6/3/10 1 4.1 1.4 4.2 1 73 0.86905 85 6.5 106.67 

3D9.1C2C57BEDB 6/29/10 1 22.5 22.5 39 1 330 2.30769 139 25.6 93.77 

3D9.1C2C57BF21 6/29/10 1 19.4 18.4 20.9 1 41 0.70690 101 9.7 93.89 

3D9.1C2C57C21C 6/29/10 1 27.6 27.6 51 1 234 2.01724 112 15.7 110.95 

3D9.1C2C57C3A8 6/28/10 1 14.6 14.5 14.6 1 2 0.05128 125 21.3 107.77 

3D9.1C2C57C4EE 7/9/10 1 4.1 2.6 4.1 2 15 15.00000 210 86.9 90.68 

3D9.1C2C57D03D 6/29/10 1 20.2 19.7 37.3 1 181 3.12069 93 7.7 95.81 

3D9.1C2C57D13D 6/29/10 1 25.6 25 35.1 1 208 1.79310 90 7.0 96.24 

3D9.1C2C57D1A6 6/2/09 1 23 23 63.9 1 425 4.29293 * * * 

3D9.1C2C57E903 6/29/10 1 22.1 22.1 22.3 0 2 0.07407 67 3.5 118.12 

3D9.1C2C580BE6 6/29/10 1 29.4 29.4 29.9 0 5 0.05747 63 3.0 122.10 

3D9.1C2C580E3E 6/28/10 1 14 13.6 32.8 1 204 1.74359 93 7.9 98.30 

3D9.1C2C580F5F 6/28/10 1 8.2 8.2 8.6 2 4 0.44444 168 56.0 115.23 

3D9.1C2C580F9D 7/17/10 1 4.1 2.6 4.1 * 15 0.00000 216 90.5 86.68 

3D9.1C2C581323 6/2/09 1 25 22.3 25 1 2 0.33333 * * * 



PIT Tag Number 
Date PIT 
Tagged 

Reach 
Tagged 

In 
Section 

Max D/S 
Detection 

Max U/S 
Detection 

Age 
in 

2010 

Total 
Distance 
Moved 

Average 
Distance 

Moved Per 
Day 

Total 
Length 
in 2010 

Weight 
in 2010 

Relative 
Weight in 

2010 

3D9.1C2C581459 6/29/10 1 27.6 20 36.3 1 248 1.61039 86 6.4 101.04 

3D9.1C2C581659 6/28/10 1 16.8 16 21.3 0 63 0.45985 77 4.8 106.08 

3D9.1C2C581ABC 6/28/10 1 4.5 4.5 28.7 1 269 1.73548 92 8.8 113.16 

3D9.1C2C581D90 6/2/09 1 26 19.9 26 1 4 0.03960 * * * 

3D9.1C2C581DED 6/29/10 1 20.2 20.2 21.8 1 16 0.18391 96 9.0 101.67 

3D9.1C2C581E33 6/28/10 1 6.5 6.4 7.4 0 11 0.10185 81 4.8 90.93 

3D9.1C2C581E43 6/29/10 1 26 2.6 33.4 1 392 6.12500 87 7.2 109.74 

3D9.1C2C581EDC 6/29/10 1 28.6 28.6 34.3 1 73 0.71569 115 14.1 91.94 

3D9.1C2C581EF7 6/29/10 1 25.1 25.1 25.5 1 4 0.02797 106 15.6 130.35 

3D9.1C2C582943 6/29/10 1 29.4 29.4 29.9 1 8 0.13793 111 14.4 104.58 

3D9.1C2C5829E7 6/29/10 1 19.2 18.3 21.8 1 55 0.35714 90 7.2 98.99 

3D9.1C2C582ABB 6/29/10 1 19.6 19.6 47.8 1 282 3.20455 105 13.5 116.11 

3D9.1C2C582B74 6/2/09 1 17 10 17 1 77 0.66957 * * * 

3D9.1C2C582B86 6/28/10 1 15.4 15.4 16.5 1 11 0.13580 91 7.3 97.04 

3D9.1C2C582B87 5/26/10 1 4.1 2.6 35.8 1 427 3.71304 122 17.1 93.15 



PIT Tag Number 
Date PIT 
Tagged 

Reach 
Tagged 

In 
Section 

Max D/S 
Detection 

Max U/S 
Detection 

Age 
in 

2010 

Total 
Distance 
Moved 

Average 
Distance 

Moved Per 
Day 

Total 
Length 
in 2010 

Weight 
in 2010 

Relative 
Weight in 

2010 

3D9.1C2C582C70 6/28/10 1 3.2 2.6 3.4 1 10 2.50000 104 10.6 93.86 

3D9.1C2C582C99 6/28/10 1 17 17 20.2 1 32 32.00000 92 8.2 105.44 

3D9.1C2C582CC5 6/1/09 1 10 8.4 35.1 1 267 3.03409 * * * 

3D9.1C2C583166 6/2/09 1 24 7.6 24 1 5 0.21739 118 20.7 124.81 

3D9.1C2C583EAC 6/28/10 1 9 9 10.4 0 16 0.18182 72 3.5 94.89 

3D9.1C2C583ECA 6/2/09 1 19 20.2 21.9 1 27 0.35526 125 22.5 113.84 

3D9.1C2D180827 9/29/10 1 4.1 2.6 4.1 1 15 15.00000 134 24.0 98.27 

3D9.1C2D1BF823 9/7/10 1 4.1 2.6 4.1 1 31 1.82353 148 27.2 82.31 

3D9.1C2D1C1E81 9/7/10 1 4.1 2.6 21 2 443 6.06849 179 54.8 92.97 

3D9.1C2D1F8BA9 10/12/10 1 4.1 2.6 4.1 1 15 0.00000 146 24.2 76.33 

3D9.1C2D288DC1 9/29/10 1 4.1 2.6 4.1 1 15 0.93750 146 29.0 91.47 

3D9.1C2D289073 9/29/10 1 4.1 2.6 4.1 1 15 1.66667 146 27.0 85.16 

3D9.1C2D2BADD5 9/14/10 1 4.1 2.6 4.1 1 253 4.01587 145 29.4 94.69 

3D9.1C2D2BC068 10/13/10 1 4.1 2.6 19.8 1 219 12.88235 166 44.0 93.90 

3D9.1C2D2DFD5F 9/14/10 1 4.1 4.1 14.1 2 100 1.29870 172 50.8 97.31 
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3D9.1C2D2E6F1E 9/29/10 1 4.1 2.6 4.1 * 15 1.87500 135 25.0 100.08 

3D9.1C2D33F384 9/29/10 1 4.1 2.6 4.1 1 15 15.00000 148 26.0 78.68 

3D9.1C2D33F493 9/15/10 1 4.1 2.6 4.1 1 39 3.25000 152 28.2 78.69 

3D9.1C2DAF2061 7/22/10 1 4.1 2.6 4.1 2 167 13.91667 167 43.6 91.36 

3D9.1C2DAF314D 7/27/10 1 53 52.8 54.4 1 30 0.34091 90 6.8 93.49 

3D9.1C2DAF4606 7/27/10 1 52.1 51.9 56.5 1 57 0.77027 104 10.7 94.74 

3D9.1C2DAF46C8 7/21/10 1 4.1 4.1 61 1 569 4.66393 178 52.7 90.95 

3D9.1C2DAF46F2 7/27/10 1 55.6 55.4 55.6 1 4 0.13333 109 14.2 108.99 

3D9.1C2DAF5D92 7/27/10 1 50.8 50.7 50.8 1 2 0.02532 90 7.9 108.61 

3D9.1C2DAF606F 7/27/10 1 53 53 53.1 1 1 0.06667 107 10.9 88.51 

3D9.1C2DAF7AF6 7/27/10 1 53.8 53.3 54.2 0 13 0.14773 62 2.5 106.83 

3D9.1C2DAF81CE 7/27/10 1 50.8 50.6 50.8 1 4 0.03478 90 5.8 79.74 

3D9.1C2DAF8217 7/27/10 1 55.6 55.6 59.1 1 35 0.39773 82 5.2 94.90 

3D9.1C2DAF8278 7/27/10 1 52.9 52.9 53.6 0 14 0.11111 60 2.2 103.87 

3D9.1C2DAF83D4 7/27/10 1 51 50.9 51 0 2 0.06667 61 2.8 125.72 
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3D9.1C2DB06B44 7/27/10 1 52.3 52.3 53 1 7 0.23333 100 9.4 93.78 

3D9.1C2DB087A5 7/27/10 1 51.4 44.6 51.4 2 82 0.71304 170 62.3 123.66 

3D9.1C2DB09534 7/27/10 1 51.1 51 51.3 1 5 0.04348 84 5.2 88.19 

3D9.1C2DB09A89 7/27/10 1 53 53 53.7 1 7 0.23333 83 4.9 86.19 

3D9.1C2DB09A9E 7/27/10 1 55.6 52.9 55.6 1 27 0.21429 86 5.2 82.10 

3D9.1C2DB0A181 7/27/10 1 55.5 55 55.5 0 15 0.17045 63 2.3 93.61 

3D9.1C2DB0A4F3 7/27/10 1 51.1 51.1 51.5 1 4 0.13333 96 10.8 122.00 

3D9.1C2DB0A56E 7/27/10 1 51.9 51.9 
 

1 50 0.39683 133 22.8 95.51 

3D9.1C2DB0C38F 7/27/10 1 54 53.4 54 1 6 0.27273 91 6.2 82.41926413 

3D9.1C2DB0C8FF 7/27/10 1 55.5 55 55.5 1 9 0.07143 117 14.5 89.72 

3D9.1C2DB0C918 7/27/10 1 51.9 51.9 55.2 1 42 0.56757 117 14.1 87.24 

3D9.1C2DB0C9A9 7/27/10 1 54.9 54.4 55.5 1 19 0.16522 94 7.8 93.94 

3D9.1C2C5743AC 7/8/10 2 63.8 61.9 64.1 1 25 0.18519 113 13.6 93.55 

3D9.1C2C574670 7/8/10 2 62.5 62.4 62.5 1 1 0.01020 99 9.1 93.61 

3D9.1C2C5787EE 7/8/10 2 60 60 62 1 25 0.18519 88 7.0 103.05 
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3D9.1C2C579816 7/8/10 2 60 60 63.5 1 35 0.74468 124 17.3 89.69 

3D9.1C2C57988B 7/8/10 2 66.8 66.2 66.8 1 12 0.41379 111 14.7 106.76 

3D9.1C2C58123B 7/8/10 2 60 60 61.6 1 16 0.22222 97 7.9 86.47 

3D9.1C2C582827 7/8/10 2 61.2 61.2 61.8 1 6 1.20000 126 18.8 92.84 

3D9.1C2C582C6D 7/8/10 2 63.2 61.6 63.7 1 26 0.20313 96 8.1 91.50 

3D9.1C2C571B2F 6/25/10 3 76.2 76.2 76.2 1 0.1 0.00083 116 15.3 97.17 

3D9.1C2C572630 6/25/10 3 75.1 75.1 85.2 1 101 0.84167 129 19.2 88.26 

3D9.1C2C57280B 6/25/10 3 72.7 72.7 76.9 1 42 1.31250 122 16.9 92.06 

3D9.1C2C572A35 6/25/10 3 74.7 74.7 76.9 1 22 0.36667 105 11.0 94.60 

3D9.1C2C573A3B 6/25/10 3 69.8 69.8 78.9 1 95 0.64189 86 5.8 91.57 

3D9.1C2C578C1D 6/25/10 3 72.3 72.3 72.8 1 5 0.05882 104 10.8 95.63 

3D9.1C2C5790A1 6/25/10 3 73.5 73.5 77.4 1 41 0.27703 88 6.8 100.10 

3D9.1C2C57945B 6/25/10 3 70.3 70.3 78.3 1 116 0.78378 105 11.2 96.32 

3D9.1C2C579EAD 6/25/10 3 73.1 73.1 78.5 1 54 0.45000 136 27.7 108.42 

3D9.1C2C5823CF 6/25/10 3 76.1 76.1 76.3 1 3 0.02500 131 20.9 91.68 
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3D9.1C2C582BFA 6/25/10 3 71.1 71.1 78.9 1 78 0.84783 137 25.9 99.14 

3D9.1C2C5739EE 6/3/10 1 4.1 # 2.6 4.1 1 15 15.00 95 7.1 82.7 

3D9.1C2C573E7D 5/26/10 1 4.1 # 4.1 11.6 0 7.5 0.10 77 5.1 112.7 

3D9.1C2D1F8BA9 10/12/10 1 4.1 # 2.6 4.1 1 15 * 146 24.2 76.3 

3D9.1C2D2BC068 10/13/10 1 4.1 # 2.6 19.8 1 84.9 4.90 166 44.0 93.9 

3D9.1C2C573813 5/26/10 1 4.1 ✚ 2.6 35.2 1 371 2.92 134 20.2 82.7 

3D9.1C2C579801 7/9/10 1 4.1 ✚ 4.1 4.1 1 * * 158 37.6 93.3 

3D9.1C2C57A7DB 6/24/10 1 4.1 ✚ 2.6 4.1 1 15 15.00 109 11.7 89.8 

3D9.1C2C57B54E 6/22/10 1 4.1 ✚ 4.1 7.2 3 31 * 200 81.2 98.3 

3D9.1C2C57BE19 6/3/10 1 4.1 ✚ 1.4 4.2 1 5.7 0.31 85 6.5 106.7 

3D9.1C2C57C4EE 7/9/10 1 4.1 ✚ 2.6 4.1 2 15 15.00 210 86.9 90.7 

3D9.1C2C57D1D4 5/26/10 1 4.1 ✚ 4.1 4.1 1 15 15.00 121 14.8 82.7 

3D9.1C2C580F9D 7/17/10 1 4.1 ✚ 2.6 4.1 * 15 * 216 90.5 86.7 

3D9.1C2C582B87 5/26/10 1 4.1 ✚ 2.6 35.8 1 427 3.71 122 17.1 93.2 

3D9.1C2C582C03 5/28/10 1 4.1 ✚ 2.6 4.1 1 15 * 122 17.1 93.2 
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3D9.1C2D180827 9/29/10 1 4.1 ✚ 2.6 4.1 1 15 15.00 134 24.0 98.3 

3D9.1C2D1808C5 9/30/10 1 4.1 ✚ 2.6 4.1 3 15 7.50 230 105.0 83.1 

3D9.1C2D180941 9/29/10 1 4.1 ✚ 4.1 4.1 2 * * 164 39.0 86.4 

3D9.1C2D1BF823 9/7/10 1 4.1 ✚ 2.6 4.1 1 31 1.82 148 27.2 82.3 

3D9.1C2D1C1E81 9/7/10 1 4.1 ✚ 2.6 21 2 443 6.07 179 54.8 93.0 

3D9.1C2D288DC1 9/29/10 1 4.1 ✚ 2.6 4.1 1 15 0.94 146 29.0 91.5 

3D9.1C2D289073 9/29/10 1 4.1 ✚ 2.6 4.1 1 15 1.67 146 27.0 85.2 

3D9.1C2D28A86D 9/29/10 1 4.1 ✚ 4.1 26.1 1 220 3.54 145 26.0 83.7 

3D9.1C2D2BADD5 9/14/10 1 4.1 ✚ 2.6 16 1 253 4.02 145 29.4 94.7 

3D9.1C2D2DFD5F 9/14/10 1 4.1 ✚ 4.1 14.1 2 100 1.30 172 50.8 97.3 

3D9.1C2D2E6F1E 9/29/10 1 4.1 ✚ 4.1 4.1 * 15 2.70 135 25.0 100.1 

3D9.1C2D2F2FA1 9/25/10 1 4.1 ✚ 4.1 4.1 1 * * 138 30.4 113.8 

3D9.1C2D33F384 9/29/10 1 4.1 ✚ 4.1 4.1 1 15 15.00 148 26.0 78.7 

3D9.1C2D33F493 9/15/10 1 4.1 ✚ 4.1 4.1 1 39 3.25 152 28.2 78.7 

3D9.1C2DAF2061 7/22/10 1 4.1 ✚ 4.1 2.6 2 167 13.92 167 43.6 91.4 
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3D9.1C2DAF46C8 7/21/10 1 4.1 ✚ 4.1 60.8 1 569 4.66 178 52.7 90.9 

 

* denotes missing field,  

# denotes fish caught in the downstream moving fyke net,  

✚ denotes fish caught in the upstream moving fyke net 
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