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Adoption Statement
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We, the undersigned, adopt the Maryland Brook Trout Fishery Manogement Plan
as 8 guide to managing brook trout in Maryland waters, The Maryland Brook Trout
Fishery Management Plan provides a framewaork for restorng and maintaining brook
trout populations while allowing social and econemic benefits from the resource. The
plan adopts management strategies that address populstion issues such as genctic
concerns, fragmentation, exploitation and monitoring and analysis needs. The plan also
recommends habitat steatcgics, recognizing that urbanization and its efTect on aquatiz
hahitat is currently the most seriows threal to brook wout, The development of this plan
was a joint effort among Fisheries Service, Resource Assessment Service and (he
University of Meryland Center for Environmental Studies Appalachsan Laboratory. We
recognize that it will take a coordinated effort within the Departmen! of Natural

ssources to implement the plan.

The Marvland Department of Matural Resources and parmers will penodically
review and updare the plan and reporl on progress made in achieving the management
plan’s goals and objectives.
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EXECUTIVE SUMMARY

Brook trout are Maryland’s only native freshwater trout species and have been a
popular recreational angling resource since European colonization of North America.
Brook trout require relatively pristine conditions for survival and typically cannot survive
when water temperatures exceed 68°F. Anthropogenic alterations to Maryland’s
environment over the last several centuries including clear cutting of forests, establishing
large agricultural areas, and urbanization have resulted in the extirpation of brook trout
from 62% of their historic habitat in Maryland. Of the remaining 151 streams where
brook trout populations are found, over half are in westernmost Garrett County, the least
developed area of Maryland. The vast majority (82%) of the remaining populations are
classified as “greatly reduced”, meaning that within the subwatersheds where they occur
they occupy only 1% to 10% of the area that was historically inhabited. A major
difficulty in managing the brook trout resource is that only 11% of all brook trout streams
and stream miles are fully within state lands, the vast majority of habitat is on private
land and a mix of private/public lands. Of the more immediate threats to brook trout
populations in Maryland, urbanization is the most serious. In watersheds where human
land use exceeds 18% brook trout populations cannot survive. If impervious surface area
is greater than 0.5% in a watershed brook trout will typically be extirpated. There are
also long-term threats to brook trout populations such as global warming. Current
predictions indicate that warming water temperatures over the next 100 years could
eliminate brook trout populations statewide except for western Maryland (Garrett
County) by approximately 2100.

The Maryland DNR has listed brook trout as a “Species of Greatest Need of
Conservation” in its federally mandated Wildlife Diversity Conservation Plan. Concern
for the status of the brook trout resource prompted the Maryland Department of Natural
Resources (MD DNR) Inland Fisheries Management Division, which is responsible for
management of statewide freshwater sport fish species, to develop a brook trout Fisheries
Management Plan (FMP). Partners in this effort include researchers from the University
of Maryland Center for Environmental Studies Appalachian Laboratory (UMCES-AL),
MD DNR Fisheries Service, and the MD DNR Biological Stream Survey (MBSS).

Brook trout in Maryland are valuable for aesthetic, recreational, economic, and
biological reasons. Because of their habitat and life history requirements brook trout are
typically found in the more pristine, aesthetically pleasant areas of Maryland. While
there is no commercial fishery for brook trout, recreational angling has been occurring for
centuries. There is increasing local and national recognition of the uniqueness and
quality of fishing for native brook trout. This recognition is highlighted by the creation
of the multi-state Eastern Brook Trout Joint Venture (EBTJV) and the formation of the
Maryland Brook Trout Alliance, a citizen-based Maryland brook trout advocacy group.
While no economic valuation of the recreational fishery has been done in Maryland,
findings from Pennsylvania, which has a similar wild brook trout fishery, has shown
significant economic impact from the resource. Wild trout anglers in Pennsylvania
contribute more than $2 million annually to local economies. Brook trout are considered
a biological indicator species because they represent a whole suite of unique aquatic and



terrestrial organisms that occupy and share the same habitat. Loss of brook trout from a
system indicates negative changes to the habitat and overall system.

The goal of the Brook Trout FMP is to ““restore and maintain healthy brook trout
populations in Maryland’s freshwater streams and provide long-term social and
economic benefits from a recreational fishery”. Management objectives were developed
to support the goal based on a thorough review and analysis of the problems affecting the
status and survival of the brook trout resource in Maryland. The management framework
to meet the objectives, including the work necessary to implement the plan is provided in
the Management Recommendations and Research Needs sections of the FMP.
Implementation will require a committed work plan that extends over many years in
order to be successful.



GOAL AND OBJECTIVES

The goal of the Maryland Brook Trout Fishery Management Plan is to restore and
maintain healthy brook trout populations in Maryland's freshwater streams and provide
long-term social and economic benefits from a recreational fishery.

Achieving this goal will require meeting the following objectives:

1) Collect and organize available brook trout data and information from the array of
sources where they currently reside.

2) Gather and utilize the latest genetic information to formulate recommendations that
maintain appropriate genetic integrity of distinct stocks.

3) Evaluate current and future freshwater fishery management policies and practices to
assure that they support healthy brook trout populations.

4) Determine stakeholder preferences for managing wild brook trout.

5) Determine best methods to maintain, protect and restore populations. The primary
emphasis is to maintain and protect existing populations and then move toward
restoration of extirpated populations where possible.

6) Educate State and County agencies on the importance of preserving the limited
number of habitats that support brook trout. Work cooperatively with agency staff to
promote an ecosystem-based approach to protecting/restoring brook trout, with
particular emphasis on DNR public lands.

7) Determine habitat requirements and anthropogenic stressors for brook trout. Work
with State and County agencies, institutions, community watershed groups, private
organizations and landowners to maintain or restore cold water habitat for brook trout
through best management practices, restoration of stream buffers, mitigation of
stream blockages, land planning, and initiatives to reduce the impact of development
in watersheds that contain brook trout populations or have streams with habitat
conditions that are suitable for restoring brook trout populations.

8) Provide information to State and County agencies, institutions, community watershed
groups, private organizations and landowners to ensure that brook trout populations
are preserved, protected or enhanced in restoration and protection efforts.

9) Coordinate stream monitoring programs within DNR and develop a comprehensive
strategy that will ensure continued tracking of long-term stock status.



INTRODUCTION

Brook trout Salvelinus fontinalis are Maryland’s only native salmonid species and
are members of a group known as charr, not trout as their common name implies. The
term charr is the English name historically given to all members of the genus Salvelinus,
including Salvelinus species such as lake trout S. namaycush and bull trout S. confluentus,
also incorrectly referred to as trout. Species such as the commonly recognized brown
Salmo trutta and rainbow Oncorhyncus mykiss trout and the Atlantic salmon Salmo salar
and various Pacific salmon Oncorhyncus spp. are all considered members of the trout
group. In physical appearance brook trout are distinguished from trout and other charrs
by three principal characteristics, the absence of vomerine teeth (characteristic of all
charrs), light body spots on a dark background (reversed on trouts), and the worm-like
vermiculations on the back of the fish (unique to brook trout).

From a geological perspective paleoichthyologists have suggested that during the
latter part of the Oligocene Epoch (33.7 to 23.8 million years ago) of the Mesozoic era
there was a division of the salmon-like fishes into the Salvelinus (charrs) and the Salmo
and Oncorhyncus (trout and salmon) branches. Brook trout are first recognized as a
specific species that evolved during the Pliocene Epoch (5.3 to 1.8 million years ago).
Over the last million years in North America there have been at least 4 ice ages, the last
of which occurred approximately 70,000 years ago, that shaped the historical distribution
of brook trout populations in Maryland until European colonization. At this point, brook
trout were found in river basins in all three of Maryland’s geographic classification areas:
the Appalachian Plateau (western Maryland), the Piedmont (Central Maryland.), and in a
few tributaries of the Coastal Plain along the Coastal Plain/Piedmont Fall line (Figure 1).

Since English colonization of America, the brook trout resource has been almost
exclusively recreational. Commercial fisheries for brook trout existed in the Long Island
area of New York in the late 1700’s and minor commercial fishing, usually seasonal or
incidental, was reported to have existed in the New England states up until the early
1800’s. From this point in time, recreational angling for brook trout became the primary
source of exploitation with no commercial harvest allowed in the United States and
Canada. From Maryland records the earliest recorded information on brook trout after
English colonization comes from the writings of Meshack Browning, a well-known
western Maryland outdoorsman who recorded the details of many of his hunting and
fishing adventures in the late 1700’s and early 1800°s. He described catching brook trout
up to 20 inches in length by the dozens in “little meadows”, streams within the
Youghiogheny River drainage in western Maryland (Browning 1859). Management of
wild brook trout populations began in Maryland in 1876 when the first regulation to
establish an open season was instituted.
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LIFE HISTORY
Habitat

Brook trout habitat in Maryland is typically headwater streams (first, second, and
third order) but includes a small number of moderately sized tailwaters having average
widths up to approximately 40 meters. Silt free, spring-fed, riffle-run areas that contain
mixed gravels, cobble, and sand, generally characterize the habitat. Other features
include a pool-riffle ratio of approximately 1:1 with areas of slow, deep water.
Generally, stream flow and water temperatures tend to be relatively stable. Stream banks
are well vegetated and secure. This ensures the formation and protection of in-stream
conditions that provide the necessary pools for resting, riffles for feeding, and escape
cover that is normally found along undercut banks and under woody debris or large rock
ledges. Seasonally intermittent streams that maintain permanent pools or flow are
considered viable brook trout habitats.

A synopsis of pertinent data on brook trout habitat characteristics from published
literature follows. Habitat type varies with the size of stream. Cover takes many forms;
however, it is one of the most essential features that directly influence the number and
weight of trout in a lotic environment. In-stream cover may include the following: depth,
rocky substrate (gravel to boulders), water surface turbulence, undercut banks, over-
hanging vegetation, submerged vegetation, roots, logs and miscellaneous debris jams.
Minimum seasonal stream flow (typically late fall) often determines trout capacity in
freestone streams. Cover for adult brook trout should be located in areas with water
depths > 15 cm and velocities of < 15 cm/second. Spawning substrate gravel should
average between 0.3 — 8 cm diameter with an optimal diameter of 3 — 6 cm. Escape
cover for juveniles and fry during winter and after emergence requires a substrate that is
resistant to shifting and ranges in size from medium to large sized gravel, to small cobble.

Salmonids occupy different habitats in winter than in summer. Winter water
temperatures between 4 - 8°C trigger hiding behavior that protects trout from physical
damage from ice and conserves metabolic energy. Bjornn (1971) observed trout and
salmon in many Idaho streams enter the substrate when stream temperatures declined to
4 - 6°C.

Stream flow is a critical habitat parameter that determines quality of trout habitat.
Lowest flows typically occur during late summer and winter. A base flow > 55% of the
average annual daily flow is considered excellent, 25 — 50% is fair, and < 25% is poor for
maintenance of quality trout habitat (Binns and Eiserman 1979). Brook trout often
inhabit streams that receive ground water discharge (Threinen and Poff 1963) which
helps to maintain suitable water temperatures throughout the summer.

Tagging data suggests that brook trout habitat in one of two southern Ontario
streams shifted upstream as water temperatures in downstream areas increased during
spring and summer (Meisner 1990). This study also reported that the brook trout’s range
in a stream was related to ground water temperature which typically equals mean annual
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air temperature. Elevated air temperature, increased solar exposure and related
reductions in ground water and base flow, will greatly reduce available brook trout
habitat, particularly in first order, headwater reaches. Brook trout in Maryland have been
restricted to small headwater locations (Ray Morgan, personal communication).
Maryland brook trout populations have been impacted by the presence of non-native
brown trout which have further isolated them into the headwater reaches of streams (Ray
Morgan, personal communication).

Water Quality

Brook trout appear to be more tolerant of low pH than other trout species. The
optimal pH range for brook trout is 6.5 — 8.0 with a tolerance range of 4.0 — 9.5 (Creaser
1930; Raleigh 1982). The lower limit of survival, especially for embryos and hatchlings,
was reported to be pH 4.5 (Power 1980). The pH observed in a survey of Virginia trout
streams during 1975 — 1978 ranged from 6.8 - 8.5 (Mohn and Bugas 1980). Menendez
(1976) demonstrated that continued exposure to a pH below 6.5 resulted in decreased
hatching and growth in brook trout.

Brook trout are sight feeders and feeding can be impaired by high or persistent
water turbidity. Optimum turbidity values for brook trout growth are approximately O -
30 Jackson Turbidity Units (Raleigh 1982). Generally brook trout habitat in good to
excellent condition is not expected to experience significant or limiting levels of
turbidity.

Temperature Tolerance

Temperature plays a very important role in fish growth. Water temperature that is
too high or too low will decrease growth due to metabolic demands. Temperature is
directly related to respiration ratewhich affects metabolic rate. Fish only grow when
energy is available; therefore, growth is poor if metabolism is low. Higher water
temperature causes higher metabolic costs which require longer foraging times and more
consumption. Indirect influence of water temperature on fish affects growth rate by
limiting food abundance, altering toxicity of water borne pollutants, and changing oxygen
concentration and biochemical oxygen demand.

There is general agreement from field and laboratory studies that water
temperature is the single most important factor limiting the geographic distribution of
brook trout. Brook trout may be found in waters with a temperature range between O -
24° C. Summer stream temperature is the most important single factor influencing brook
trout distribution and production (Creaser 1930; MacCrimmon and Campbell 1969).
Upper and lower temperature limits for adult brook trout vary according to acclimation
differences that result from seasonal temperature cycles. The literature suggests that very
brief exposure to water temperatures up to 22°C may be tolerated. However, populations
are more stable and productive when water temperatures don’t exceed 19°C. Currently,
the Maryland state water quality maximum temperature standard for wild reproducing
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trout stream designations (Maryland Department of the Environment, Use 111, Natural
Trout Water) is established at 20°C.

Mohn and Bugas (1980) reported that brook trout frequently occur in Virginia
streams where summer water temperatures never exceed 20°C, noting that cooler night
temperatures were essential to population maintenance. Barton et al. (1985) confirmed
that temperature was the most significant factor determining the presence or absence of
resident trout in small southern Ontario streams. They found that control of temperature
and to a lesser extent turbidity and stability of discharge, can be achieved through
establishment or maintenance of forested riparian buffer strips. Water temperatures in
streams flowing through clear-cut areas were found to increase linearly with distance
from buffered areas. Stream sections with no forested riparian buffer could increase in
temperature by more than 7°C at sites over 6 km downstream from buffered riparian areas
(Barton et al. 1985)

The optimal water temperature range for growth and survival is from 11 - 16°C
(Baldwin 1951; Raleigh 1982; Drake and Taylor 1996). Baldwin (1951) identified 14°C
as an optimal water temperature for brook trout; with temperatures outside the range of
11 - 16°C as tolerable, although growth and activity were compromised. For
reproductive needs, a mean temperature of 9°C is required for optimal developmental and
hatching success. The upper lethal water temperature limit for hatchlings is 20°C and
approximately 25°C for juveniles and adults, while the reported maximum temperature
for growth of juvenile brook trout was 14.4°C (MacCrimmon and Campbell 1969).
Grande and Andersen (1991) experimentally determined an LT50 (temperature at which
50% of the population survives) in controlled studies for brook, brown and rainbow trout
to be 25.2° C, 26.2° C, and 26.6° C, respectively. Tolerance limits for critical life stages
should be less than 50% (TL50).

Longevity, Growth, and Food habits

Fast growing fish usually mature earlier and die sooner than slow growing fish,
however, Jonasson (1991) demonstrated that longevity increased with trout body size. It
is advantageous for trout to acquire a large size but only with a slow growth rate.
Longevity significantly decreases with warmer water, although growth is faster. Baldwin
(1957) observed that brook trout ate 50% of their own weight (in minnows) weekly at
13°C; ate less at 9°C and 17°C; and at 21°C food consumption was only 6% of body
weight per week.

Review of historical data sets shows that since consistent sampling was initiated
in the 1960’s, Maryland brook trout populations rarely have individuals that reach or
exceed 305mm in length (MD DNR data; MD MBSS data). Brook trout in Maryland are
presumed to be short lived because they typically inhabit small, coldwater streams.
Growth characteristics from 1,402 brook trout collected in the central portion of
Maryland (Howard, Carroll, Baltimore, Harford and Cecil Counties) from 1987 - 2004 by
the Maryland Fisheries Service supports this assumption (Figure 2). Brook trout growth
in this portion of MD exceeded that observed (MD DNR data, 1988 — 2003) from a
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population of brook trout collected from western Maryland (Catoctin Mountain region,
Frederick county) with higher gradient and colder streams (Figure 3, N = 2,433). Brook
trout rarely exceeded 150 mm (fork length) from the Catoctin Mountain area, whereas,
brook trout from the central region regularly exceed 150mm and commonly attained
lengths up to 220mm. Brook trout growth in Virginia was reported to be excellent when
compared to adjacent states (Mohn and Bugas 1980). Population analyses of 26 Virginia
streams found brook trout with mean lengths of 146mm and 321mm total length for age
1 and age 4 fish, respectively; age 3 (254mm) was the maximum age detected in most
streams (Mohn and Bugas 1980).

Behnke (1980) described two forms of longevity in brook trout he studied; a
smaller, shorter-lived form (3-4 years) and a larger, longer-lived (8-10 years) form
located in the northern portion of its native range. Age at maturation can vary from one
or two years in southern populations to three or four years in northern populations.
Longevity is three to four years in southern populations and often six to seven years in
northern populations.

Brook trout are described as being opportunistic in their feeding habits. Large
brook trout can be carnivorous and have been found to feed on a wide range of
organisms. Scott and Crossman (1973) observed large brook trout in northern waters
eating small mammals during the summer, such as field mice, voles, and shrews. Small
to medium sized brook trout rely heavily upon aquatic insect larvae and terrestrial
invertebrates; the literature indicates that the brook trout will consume any prey it
encounters as long as it fits into its mouth. Ricker (1932) compiled a very extensive list
of organisms fed upon by brook trout in a study conducted in Ontario and brook trout in
Maryland would be expected to prey upon a similarly wide variety of aquatic and
terrestrial insects. Common insects consumed include species of stoneflies, mayflies,
caddisflies, midges and chironomids. Other food items include leeches, worms, spiders,
ants, mollusks, clams, snails, cladocerans, amphipods, decapods, diatoms and any
number of associated stream fishes, including juvenile brook trout and those of non-
native trout.

Reproduction

Spawning begins by mid-October and is usually over by December 1 in most
areas of the United States. Brook trout begin to migrate upstream in late summer,
seeking gravel-bottomed areas in cold, spring-fed tributaries, and spawn in late October
and early November. Populations inhabiting lakes or ponds will migrate into inflowing
tributaries to spawn at this same time of year. Hokanson (1973) observed that water
temperature had little influence on time of spawning, but had a major influence on
spawning activity and egg viability. He found functionally mature, male brook trout
with motile spermatozoa at 19°C. Although age at sexual maturity varies among
populations, males usually mature before females and size at first maturity depends upon
growth rate and the productivity of their habitat.
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Raleigh (1982) described suitable spawning substrate for brook trout as gravel 3 -
8 cm in diameter and < 5% fines. The introduction of sediments, especially fines, may
entomb embryos and reduce intergravel water flows, slow removal of embryonic wastes,
and decrease intergravel dissolved-oxygen supply to embryos (Harshbarger 1975; Waters
1995). Sand concentrations greater than 15% in spawning gravel were found to reduce
the numbers of emerging brook trout fry (Hausle 1973). Chapman (1988) reported that a
higher percentage of fine sediment in brook trout redds was generally detrimental to the
survival of fish embryos. Consequently, reproductive success of brook trout and brown
trout decreases with increasing amounts of fine-grained sediment in spawning areas
(Harshbarger 1975; Waters 1995). The selection of spawning substrate is determined in
part by the size of the spawning female. Larger brook trout will select larger gravel
substrate on which to spawn.

Redd (nest) building is done by the female and the redd is defended for a time by
both the male and the female. The female remains at the redd a short time after her eggs
are fertilized and the male has left. During the egg laying process, the female brook trout
brushes the eggs into interstitial spaces in the gravel after each egg release and
fertilization by the male, and then reworks another egg pit immediately upstream of the
previously constructed pit. Females may spawn with different males. Egg deposition in
Virginia was observed between October and November (Mohn and Bugas 1980). In
streams, brook trout nearly always construct their redds in gravel; however, sandy
bottoms with upwelling water are sometimes used. Maryland DNR Fisheries Service
personnel have observed brook trout spawning over predominantly sandy substrate in
Jabez Branch, an Anne Arundel County coastal plain brook trout population (C.
Gougeon, personal communication).

Brook trout eggs incubate and hatch beneath the gravel substrate, and the fry
absorb the yolk sac before exiting the substrate. Eggs are large, 3.5 - 5.0 mm in diameter,
and fecundity is related to the size of the female. Scott and Crossman (1973) reported
female brook trout having from 100 eggs for fish 144 mm in length (FL) to as many as
5,000 eggs for a female 565mm in length (FL). Oxygen tension and water temperature
influence the time until hatching. Hatching times have been reported as 100 days at 5°C,
75 days at 6.1°C and 50 days at 10°C (Scott and Crossman 1973). The upper lethal water
temperature for developing eggs has been reported as 11.7°C (Scott and Crossman 1973).
Davis (1961) found the incubation time from fertilization to hatching varied between 7
and 13 weeks within the temperature range considered suitable for incubation (4.5 — 11.5°
C). Power (1980) determined the incubation period varies with temperature, averaging
129 days at 3°C and 60 days at 8°C. Brook trout eggs failed to develop at temperatures
above 13°C with a suggested safe upper limit of 11.5°C (Embody 1934; Hokanson et al.
1973). Embody (1934) also observed that a minimum water temperature of 4.5°C was
necessary during incubation to the eyed stage; however, egg development could be
completed at water temperatures as low as 1.7°C with higher mortality and less robust
fry. MacCrimmon and Campbell (1969) reported a temperature range of 4.5°C - 11.5°C
as optimal for brook trout egg development.
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Diseases

Another important threat to native brook trout populations throughout its range is
the introduction of non-native diseases. The most likely method of introduction is
expected to originate from bait shops and fish hatchery operations. Currently, data
confirming adverse impacts to wild brook trout and associated fish populations from
introduced diseases has not been determined, and there isn’t a state program in effect to
identify and track such impacts.

Whirling disease is an introduced disease that is caused by the presence of the
parasite Myxobolus cerebralis. To date, it has only been isolated in one watershed in
Maryland. While rainbow trout are the only species in the watershed found to harbor the
parasite, all fish species in the river can be carriers (fish that are infected with the parasite
but have not shown any clinical disease signs). This can change as stressors in the
watershed change and impact the immune systems of resident species. Other disease
agents, including Flexibacter columnaris (peduncle disease), Flavobacterium spp.
(bacterial gill disease) and another parasite Ichthyophithirius multifilis (also know as Ich
or white spot disease) have been confirmed at several of Maryland’s cold water
hatcheries during 2000 — 2005 (S. Rivers, personal communication).

The introduction of these diseases into wild brook trout populations can be
minimized by adherence to Maryland’s Cold Water Policy (Figure 4) that recommends
not stocking waters of the state that contain wild trout populations. To further protect
native populations, Code of Maryland Regulations (COMAR) 08.02.11.04K restricts
introductions and transfers of fish species in Maryland waters without written permission
of Fisheries Service in order to prevent the introduction and spread of exotic diseases.
Work during the 1990’s resulted in a document entitled “Aquatic Animal Health Policy
and Implementation Plan” that was signed as a Memorandum of Understanding between
the Secretaries of the Maryland Department of Agriculture and Natural Resources. This
document provides a guide to aquaculture in the state and should prevent the
introduction of pathogens and disease agents (S. Rivers, personal communication). Care
must also be exercised not to stock into interconnected watersheds with access to known
populations of wild brook trout. Brook trout in the wild have been reported to suffer
from any number of parasites that include a long list of trematodes, cestodes,
acanthocephalans, and nematodes.

CURRENT STATUS OF MARYLAND’S BROOK TROUT RESOURCE

DNR Inland Fisheries Management division monitors the status of brook trout
populations in Maryland. DNR’s Maryland Biological Stream Survey (MBSS) program
collects additional information on brook trout population status as supplemental
information to their statewide stream monitoring program, and academic institutions also
collect data during their specific monitoring and research efforts. Brook trout population
monitoring efforts by the Inland Fisheries Management division are performed annually
as part of Federal Aid in Fish Sport Restoration grants received from the United States
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Fish and Wildlife Service. Historically, brook trout population sampling frequency and
methodology have been determined by the Inland Fisheries Management Regional
fisheries managers, with the intent of sampling all populations at least once every five
years; an objective that has not been met due to shortages of staff, funding, and time.

The resource assessment completed for this management plan was based on
reviewing the most comprehensive and recent Inland Fisheries five-year Federal Aid
Report listing of brook trout streams (H. Stinefelt, personal communication) and
comparing the list with the data from more recent Inland Fisheries Division surveys, the
MBSS statewide database, and the University of Maryland Appalachian Laboratory
historic database. Population status was accorded when multiple year classes were
present with multiple individuals per year class. Streams where only one to several
individuals were collected are not listed as supporting populations. The length of stream
where brook trout populations occurred was estimated from USGS quad maps and
verified by regional fisheries biologists. In many cases, stream length varied seasonally
or downstream limits to brook trout populations were not documented, thus stream length
inhabited was estimated by the biologists based on their extensive understanding of the
stream acquired over decades of experience. Additional brook trout resource information
was garnered from Hudy’s et. al manuscript (2005) on the status of brook trout
populations in the eastern United States.

As of fall 2005, there were 151 streams (including unnamed tributaries) in
Maryland supporting brook trout populations,109 for which brook trout were the only
trout species present. For the other 42 streams, 33 supported a mixed population of brook
and brown trout, 6 supported a mixed population of brook, brown, and rainbow trout, and
3 supported a mixed population of brook and rainbow trout (Tables 1 - 2). The amount of
stream length supporting brook trout populations was estimated at 607.4 km (379.6
miles) statewide; 397.4 km (248.4 miles) for which brook trout were the only salmonid
species present (Tables 1 - 2). Estimated stream length of combined mixed brook and
other trout species totaled 210.0 km (131.3 miles); 137.6 km (86 miles) brook and brown
trout streams; 68.4 km (42.8 miles) brook, brown, and rainbow trout streams; and 4.0 km
(2.5 miles) brook and rainbow trout streams (Tables 1 - 2).

Land ownership along Maryland streams supporting brook trout populations was
broken into three categories: 1) streams on public land, 2) streams on public and private
land, and 3) streams on private land only. Only 17 streams (11.3%) were fully on public
land, 72 (47.7%) were on public and private land, and 62 (41.0%) were fully on private
land (Table 2). For stream length (km), only 71.7 km (44.8 miles) (11.7%) were fully
within public lands, 319.5 km (199.7 miles) (52.6%) were within public and private
lands, and 216.7 km (135.4 miles) (35.7%) were fully on private lands (Tables 1 - 2).
Based on these calculations, an estimated 11% of brook trout streams and stream miles
are fully on state owned land, while an estimated 35.7% of brook trout stream kilometers
(62 of 151 streams) are fully within private ownership.

Geographically, Maryland is divided into five provinces: the Appalachian Plateau,
the Piedmont, the Coastal Plain, the Blue Ridge, and the Ridge and Valley (Figure 1).
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Historically, brook trout populations were mainly in the Appalachian Plateau, Ridge and
Valley, Blue Ridge, and Piedmont areas with a few populations extending downstream
from Piedmont populations into the Coastal Plain. At a finer scale, these five areas are
broken down into eighteen river basins of which brook trout now occur in eight. The two
westernmost basins, the North Branch Potomac and the Youghiogheny combined, have
over half (52.3%) of all statewide brook trout streams and account for 42% of all brook
trout stream length statewide (256.6 km). The Gunpowder basin supports the next
highest number of brook trout stream populations (31, 25.2%) followed by the Middle
Potomac (16, 10.6%), Susquehanna (8, 5.3%), Patapsco (7, 4.6%), Upper Potomac (2,
1.3%), and the West Chesapeake (1, <1.0%). Brook trout only populations are most
prevalent (75.9%) in the two westernmost river basins (North Branch, 42 of 48
populations or 87.5%); Youghiogheny, (19 of 31 populations or 61.3%) as compared to
the Gunpowder basin where almost half (18 of 38 populations or 47.3%) of all brook
trout populations occur with brown trout populations.

Population densities for brook trout are dependent on habitat variables (natural)
and anthropogenic impacts. In the most pristine habitats, numbers of adult (age 1+ )
brook trout can range as high as 2,874 adult fish per kilometer (Little Savage River,
2004). Table 3 lists population densities (number of adults (agel+) brook trout per
stream km) for populations that have been sampled in the last ten years by DNR Fisheries
and MBSS programs.

Population fragmentation is common among brook trout populations in
Maryland’s river basins. In all basins, the vast majority of streams are reproductively
isolated from historic connections through anthropogenic alterations to habitat, barriers,
and exotic introductions. The North Branch basin supports the only fully interconnected
brook trout system, the headwaters and tributaries of the upper Savage River above the
Savage River reservoir, most of which are contained in the Savage River State Forest.
This system consists of 12 named streams comprising 94.3 km of fully interconnected
brook trout populations with no physical or chemical barriers to movement. Including
the brook trout streams that flow into the reservoir and may have some connectivity to
each other and the upper Savage (if the trout are able to migrate successfully through the
reservoir), these numbers increase to 18 named streams and 145.1 km (Figure 5) or
approximately 24% of all brook trout stream kilometers in the state. Throughout the rest
of the state no other system approaches this level of connectivity. For example, in the
Gunpowder basin (in central Maryland) with the second highest number of brook trout
streams, the vast majority of brook trout populations are confined to headwater portions
of streams with no connectivity to other populations because of physical (blockages, high
water temperatures, etc.), chemical (pH), and biological (brown trout competition)
barriers (Figure 6). In the mainstem North Branch Potomac River above the Jennings
Randolph Reservoir, brook trout tributary populations are isolated by chemical, physical
(AMD inputs, high summer water temperatures, disrupted hydrology) and biological
blockages (smallmouth bass presence) that prevent movement between systems.

Hudy et. al (2005) conducted a survey and analysis of brook trout population
status for the entire range of the eastern brook trout. Biologists from DNR Inland
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Fisheries and researchers from the UMCES-AL collaborated on this project and provided
information on brook trout population status, both historic and current, and projected
environmental and anthropogenic stressors. Watershed evaluations were done at a 6"
level hydrologic unit (HU) scale (mean size 8,279 ha, USGS 2002), referred to by Hudy
et. al (2005) as subwatersheds. This unit was selected because the size is similar to that
of the commonly used USGS topographic quadrangle maps and also because it was the
smallest unit in which whole streams were typically contained.

As a result of the cooperative study, the following parameters were summarized.
Maryland is divided into 320 subwatersheds, of which 187 (59%) historically were
outside the native range of brook trout. Of the 133 subwatersheds that were within the
native range in Maryland, brook trout have been extirpated from 83 (62%) and remain in
50 (38%) (Figure 7). Delving further into these statistics makes the current status of
Maryland brook trout populations clearer. Hudy et. al (2005) rated the status of a
population according to three categories based on information provided by state
biologists: 1) Intact, > 50% of all native habitat in the subwatersheds supports self-
sustaining brook trout populations; 2) Reduced, 10% to 50% of native habitat in the
subwatersheds supports self-sustaining brook trout populations; and 3) Greatly reduced,
1% to 10% of native habitat in the subwatersheds supports self-sustaining brook trout
populations. Only 3 (6%) subwatersheds in Maryland met the intact criteria, 5 (10%)
were in the reduced category, and 42 subwatersheds (84%) were in the greatly reduced
category. All 3 of the intact subwatersheds are located in western Maryland (Garrett and
Allegany counties). In summary, of the remaining 38% of subwatersheds in Maryland
that have self-sustaining brook trout populations, only 3 are intact with the majority
(84%) being greatly reduced, i.e. only 1 - 10% of native habitat is occupied.

Hudy et. al (2005) also looked at land use practices in the watershed compared to
brook trout population status. Within the Mid-Atlantic region (MD, PA, WV, VA, NJ)
they found that when human land use (any human-caused change from the pre-settlement
habitat type) exceeded 18% within a subwatershed, brook trout extirpation was likely.
Intact populations were most likely to be found in subwatersheds where human land use
was less than 10%. In Maryland, the top five reasons cited by state biologists and UMD
researchers for loss and degradation of brook trout populations statewide were: 1) high
water temperatures, 2) agriculture, 3) urbanization, 4) exotics (brown trout), and 5) poor
riparian habitat.
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FISHERY CHARACTERISTICS

History of Brook trout management in Maryland

State directed management of fish stocks was first initiated in Maryland in 1874
when the state legislature established a Commissioner of Fisheries position, a response to
complaints of deteriorating fish stocks (Powell 1967). The commissioner was charged
with establishing a system to replenish fish populations through aquaculture and
controlled management of the waterways of the state. The initial effort at brook trout
management arose from the recognition that severely degraded brook trout habitat in the
eastern portion of Maryland had reduced populations leading the commission to authorize
the propagation of brook trout in hatcheries. Brook trout eggs were obtained from Maine
and Rhode Island (Powell 1967) in 1877 and 50,480 yearling brook trout were distributed
to the public for stocking. The popularity of this program grew steadily and brook trout
were cultured statewide until the early 1970’s when their production was phased out and
replaced primarily with rainbow trout. Sources of brook trout for culture were from a
variety of other state sources up until 1949, when trout from New Jersey were used to
establish a brood stock. An 1897 recommendation by the Commissioner of Fisheries
stated that eggs should be obtained from Maryland fish only but the recommendation was
not heeded, From 1877 through-1948, eggs were purchased from a variety of states. In
1949, trout from New Jersey were used to establish a brood stock. Popularity of the
propagation program grew steadily and brook trout were cultured statewide until the early
1970’s, when production of brook trout was phased out and replaced primarily with
rainbow trout. The management of brook trout in Maryland up until the 1980°s was
primarily hatchery oriented for stocking purposes.

The MD DNR Inland Fisheries Management Division’s Coldwater Management
Policy (Figure 4) has had the most significant influence over brook trout management
and regulation in Maryland. Adopted January 3, 1986, the policy established criteria for
regulations and stocking protocols for the management of trout resources in Maryland.
Specific topics covered in the policy include: habitat, research, natural trout populations,
laws and regulations, hatchery trout, cooperative trout production projects, put and take
trout fishery, private water trout stocking, public access to trout fishing waters, and public
information and education.

Based on the Coldwater Management Policy, Maryland fishery managers have
attempted to minimize or eliminate the stocking of hatchery trout where wild trout
populations occur to achieve “no appreciable impact upon the natural trout resource".
In Glade Run (Garrett County), Owens Creek (Frederick County) and Fishing Creek
(Frederick County), put and take trout management was eliminated in streams where
wild brook trout or naturalized brown trout were present and/or potentially limited by the
presence of hatchery trout and the associated increase in fishing pressure. In each of
these instances, when stocking was eliminated, wild brook trout standing crops increased
(J. Mullican, personal communication). In areas like the Savage River (upstream of the
Savage Reservoir) and the North Branch (upstream of Jennings Randolph Lake), where
strong native brook trout populations occur, stocking put and take areas or delayed
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harvest for trout fishing areas, has been limited to rainbow trout in order to minimize the
potential for stocked trout to establish reproducing populations.

Special Management areas where brook trout are present

Maryland DNR does not have a management program specifically directed
toward brook trout populations. However, there are several areas where the management
program is geared towards a multi-species wild trout fishery that includes brook trout.

Savage River

The lower Savage River below the Savage Reservoir is located in Western
Maryland, Garrett County, and is approximately 4 miles in length. For at least 50 years
prior to 1987 the Savage River and later the Savage River tailwater area were regulated
as a put and take trout fishery. Fisheries Service staff documented a wild brook trout
population downstream of the Savage River Dam in 1982 (C. Gougeon, personal
communication). A "Trophy Trout Fishing Area™ was established in 1987 to enhance
wild trout populations from the dam one mile downstream to the derelict Piedmont Dam,
with the initial intent of developing a “world class tailwater brook trout fishery” (personal
communication, R. Bachman). The regulation eliminated the use of bait, established a
12" minimum size and a five trout per day creel limit. A 9" minimum size limit for brook
trout was established downstream of the Piedmont Dam at the same time. The regulation
was further modified to extend the Trophy Trout Fishing Area to include the area from
the Savage River Dam downstream to the Allegany suspension bridge. Put and take
trout management was continued in the remainder of the Savage River tailwater. Due to
the success of the regulations in developing a fishery for brook trout and an unexpected
brown trout fishery, fishery regulations regarding the special area were further modified.
New regulations became effective in 1991 and included the entire Savage River tailwater
from the Savage River Dam to the North Branch Potomac River. The modified
regulations established a fly- fishing only area from the Savage River dam to the
Allegany suspension bridge, a distance of approximately 1.25 miles, and excluded all
other types of fishing. The remaining tailwater area was restricted to the use of artificial
flies or lures, including those equipped with treble hooks. Minimum size limits were 12"
for brook trout and 18" for brown trout with a 2 trout daily creel limit. The stocking of
hatchery trout was completely discontinued throughout the Savage River tailwater after
1990. Effective January 1, 2004, regulations were further modified to require the use of a
single hook point on artificial lures and flies in the Savage River tailwater, specifically
intended to reduce the hooking mortality of wild brook trout caught on artificial lures.
Initially, the standing crop of brook trout increased once stocking ceased, but the
unexpected establishment of brown trout at the same time steadily reduced the brook
trout population. Standing crop data illustrate this inverse relationship; as adult (age 1+)
brown trout numbers and biomass have increased, there has been a corresponding
decrease in brook trout numbers and biomass from 1987 to 2003 (Figure 8).

21



North Branch Potomac River

The coldwater fishery section of the North Branch Potomac River is located in
Western Maryland, Garrett and Allegany counties, and is approximately 63 miles in
length with 33 miles above Jennings Randolph Reservoir and 30 miles downstream of the
dam. The construction of Jennings Randolph Reservoir by the U. S. Army Corps of
Engineers, completed in 1982, resulted in improved water quality downstream in a
watershed characterized by acid mine drainage (AMD) pollution and degraded water
quality. Native brook trout, as well as naturalized brown trout, were successfully
reproducing in the Jennings Randolph Dam (JRD) tailwater area by 1990 (A. Klotz,
personal communication). By 1994, AMD remediation efforts in the watershed improved
water quality in the North Branch upstream of the JRD further enhancing water quality in
the tailwater area. At this time, special regulations were implemented on two stream
sections in the tailwater to enhance wild trout populations. A catch and release trout
fishing area 0.8 miles in length was established 0.4 miles downstream of the JRD. A
second catch and release trout fishing area, approximately four miles in length, was
located about 2.5 miles downstream of the JRD. Both areas are limited to artificial flies
or artificial lures and adult hatchery trout are not stocked in either area. Put and take
trout management has continued on the 1.25 mile stream segment between the catch and
release areas. Native brook trout, most likely augmented by seasonal migrations from
tributary populations, comprise only a small segment of the overall wild trout population
in the North Branch (A. Klotz, personal communication).

Youghiogheny River

The Youghiogheny River flows north through Garrett county in Western
Maryland before entering Pennsylvania and is part of the Mississippi River drainage
system. The river and its tributaries are in the historic native brook trout range and likely
supported native brook trout populations throughout the watersheds. Early accounts (late
1700's) of the first English settlers, in what is now Garrett County, mention brook trout
ascending Sang Run from the mainstem Youghiogheny during mid-summer, possibly in
response to elevated water temperatures. Garrett County was extensively logged over a
relatively short period of time around the turn of the 19th century. Agricultural
development and coal mining (both surface and deep mine) increased rapidly at about the
same time as the logging occurred. All of these activities would have most likely resulted
in a significantly higher water temperature regime within the mainstem river.

Albert Powell, an early pioneer in Maryland fisheries management, reported that
the Youghiogheny was well known for its high quality smallmouth bass fishery in the
1920's. Smallmouth bass are native to the basin and probably increased their upstream
distribution as water temperatures increased. It is likely that wild brook trout were
already restricted to tributary streams due to temperature constraints by the time that
smallmouth bass became common in the mainstem. However, some trout were present
and Powell (1967) reported that rainbow and brown trout were introduced into the river
during the late 1800's. A good trout fishery for these species existed until September
1929, when a sudden low pH spike related to activities at the Crellin Mine, wiped out
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virtually all fish life in the downstream section of the river in a single day. Poor water
quality continued for several decades until the Crellin Mine ceased operations around
1950.

Water quality gradually recovered in the Youghiogheny. Further improvements
in water quality were realized from modern anti-pollution requirements for coal mining,
reclamation efforts on old abandoned mine sites, and improved forest management
practices. Currently, agricultural activities dominate the watershed. As a result, forest
cover in the watershed is only a fraction of the total forest canopy that existed when
settlers first reached the area. While summer water temperature regimes will not support
brook trout survival in the mainstem river, virtually every tributary characterized by
perennial flow, good water quality, and suitable water temperatures does support viable
brook trout populations. Seasonal movements of trout into the river are likely, and
anglers occasionally catch brook trout in the mainstem. Fisheries management in the
river is geared towards put-and-take fishing and a special regulation catch-and-release
area downstream of the Deep Creek Lake power plant water release. A viable
smallmouth bass population exists throughout the river’s mainstem.

Big Hunting Creek

Big Hunting Creek is located in the Catoctin Mountains region, Frederick County,
Maryland, in the central portion of the state and flows through Cunningham Falls State
Park and Catoctin National Park. Historically, the headwater area of Big Hunting Creek
and several tributary streams supported native brook trout populations prior to modern
fishery management efforts. A portion of Big Hunting Creek within Catoctin National
Park was designated as a fly fishing only area as early as 1938 (J. Voight, personal
communication), although harvest was permitted. Catch and release, fly fishing only
regulations were adopted for Big Hunting Creek within the boundaries of Catoctin
Mountain Park in 1965. After the completion of Cunningham Falls Lake in 1972, catch
and release, fly fishing only for trout was extended upstream to the reservoir and the area
of Big Hunting Creek upstream of the reservoir. After 1974, trout stocking upstream of
the reservoir was curtailed to protect and enhance the wild trout population, presumably
only native brook trout. However, at least 3000 adult brown trout were stocked above
Cunningham Falls Lake in 1974 and may account for the wild brown trout population
that exists there today. Also in 1974, the catch and release regulation was modified to
permit the harvest of one trout per day over 15". The regulation was again modified in
1983 to permit catch and release trout fishing only using artificial flies which eliminated
all harvest of trout. In 1983, the National Park Service (NPS) determined that Catoctin
Mountain Park was within NPS jurisdiction and began enforcing fishing regulations. In
1993, the NPS and DNR approved a Fishery Management Plan for Big Hunting Creek
which endorsed the continuation of catch and return, fly fishing only for the stream and
its tributaries.

Currently, native brook trout occur in Big Hunting Creek upstream of

Cunningham Falls Reservoir and in Hauver Branch, a tributary stream that enters the
reservoir. They also occur in the tributaries downstream of the reservoir, Distillery Run
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and Ike Smith Creek. The wild trout population in the mainstem of Big Hunting Creek
downstream of the reservoir is primarily composed of brown trout.

Little Hunting Creek

Little Hunting Creek is located in the Catoctin Mountains region, Frederick
County, Maryland, in the central portion of the state and flows primarily through private
property (through Cunningham Falls State Park) and into Big Hunting Creek
(downstream of Cunningham Falls Reservoir). Put and take trout management was
eliminated in Little Hunting Creek in 1994 in order to promulgate wild trout management
under catch and release fishing only and limited to artificial lures or flies. The catch and
release area was extended further downstream in 2000. Originally intended to enhance
the existing wild brown trout resource, the management change has also resulted in a
smaller but consistent wild brook trout component in Little Hunting Creek (J. Mullican,
personal communication). Wild brook trout were not collected in sampling efforts in
Little Hunting Creek prior to 1994 and apparently recolonized the area after put and take
trout management was eliminated.

Gunpowder Falls

The Gunpowder Falls special trout management area is located in Baltimore
County, Maryland, from the base of Prettyboy Reservoir to the head of Loch Raven
Reservoir. Coldwater management in the river encompasses three different regulatory
areas;, a catch and release section, a wild trout section (general statewide regulation), and
a put and take section. Historic summer water temperature regimes in the river have been
marginal for brook trout survival (C. Gougeon, personal communication). Brook trout
are occasionally captured, most likely, as seasonal migrants from native populations in
several tributaries. The few brook trout encountered are considered transients from
tributaries and do not represent a significant mainstem population.

RECREATIONAL FISHERY STATUS

Little information on historical or current recreational use and economic value of
Maryland’s brook trout fishery resources is available. To date, no effort has been made to
quantify angling pressure and harvest on Maryland’s brook trout streams. However, the
Pennsylvania Fish and Boat Commission recently conducted an angler creel survey on
wild trout waters (wild trout defined as any self sustaining population of brook, brown,
and rainbow trout) in Pennsylvania (T. Green, personal communication). While not
specifically directed towards brook trout, the study determined catch and harvest rates by
species and divided the streams into two size groups: width > 6m and width < 6m.
Similar to Maryland, the majority of brook trout streams in Pennsylvania are less than 6m
in width. A number of the findings from this study may be similar to what is occurring in
Maryland, based on the similarity in brook trout stream sizes and geographic region.
Angler effort was greater on weekends than weekdays and overall effort was low, ranging
from 12 - 15 angler hours/kilometer. Catch rates of brook trout were high (1.76
trout/hour) but harvest was low.. Approximately 92% of all trout caught were released.
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Anglers harvested 12.7 brook trout per kilometer of stream, a very low number when
compared to typical population densities in Maryland’s stable brook trout populations of
200 - 300 adult trout/kilometer. In comparison with a stocked put-and-take trout stream
in Maryland, the angler effort in Big Elk Creek during the 1998 opening weekend was
estimated at 880 angler hours/kilometer (A. Heft, personal communication). This area
does not have a wild brook trout population,. The economic impact of wild trout fishing
in Pennsylvania was estimated at $45.00 per day on average when angling for brook
trout. Overall, it was estimated that direct and in-direct expenses contributed more than
$2 million annually to local economies.

Maryland Inland Fisheries Management Division conducted a voluntary web
survey in 2004 focused on brook trout. There were 156 responses and the results
suggested that use and exploitation of the brook trout resource in Maryland was similar to
the Pennsylvania results. Angler response regarding harvest of brook trout was reported
as never (62%), seldom (23%) and occasional (13%). The majority of anglers (87%)
used artificial baits (flies 71%, lures 16%) while only 9% used live bait. Angler
motivation for pursuing brook trout was primarily to enjoy the natural surroundings with
the opportunity to fish for a native species (65%). Other responses included the angling
challenge (8%), the aesthetic conditions (wilderness, undeveloped, etc.) associated with a
brook trout stream (8%), and a combination of these responses (15%).

REGULATORY HISTORY AND STATUS

Regulatory authority for brook trout management in Maryland is the
responsibility of the Maryland Department of Natural Resources, Fisheries Service,
Inland Fisheries Management Division. The Department has the authority to promulgate
regulations in relation to fishing seasons, creel limits, methods, and related aspects of the
fishery as needed. Presently, managers propose regulation changes on a two- year
schedule with a public comment period and public informational meetings to allow
discussion and input.

Fishing regulations protecting brook trout were more conservative in Maryland
during the latter part of the 19th century and early into the 20th century, particularly with
regard to seasonal fishing restrictions. For example, an 1878 regulation in Baltimore
County prohibited the harvest of brook trout for a period of three years. In Maryland,
there are currently no specific regulations for brook trout populations, although there are
a number of specially regulated trout fishing areas to protect and enhance wild trout
populations. At present, the vast majority of brook trout populations are not under
special management regulations and are regulated under the generic statewide trout
regulation: no closed season, no minimum size, and a daily and possession limit of two.

A review of the history of trout regulations in Maryland demonstrates that in the
late 1800’s and early to mid-1900’s there was directed management of brook trout (Table
4). In the late 1960s, a statewide regulation of no closed season, no minimum size, and a
creel limit of seven was enacted. In 1975, this regulation was modified to a 5 fish creel
limit west of Frederick County and a 3 fish creel limit east of Frederick County. The
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modification provided additional protection to wild trout populations in the eastern part
of the state. In 1983, this protection was eliminated from the regulation and the statewide
creel limit became 5 trout per day with no minimum size or closed season. Finally, in
1987, the regulation affecting brook trout populations was changed to its current form
which includes a reduced daily creel limit of 2 fish and no closed season or minimum
size.

ANTHROPOGENIC IMPACTS
Urbanization

Urbanization is the process by which the proportion of a population living in and
around a city increases, resulting in increased development, increased density of
infrastructure (roads, schools, shopping malls, office space, etc.) and loss of undeveloped
areas (forests, fields, vegetated riparian zones, etc.). The impacts of urbanization on
brook trout streams are numerous and affect most aspects of the healthy functioning of a
stream system. Some examples of direct impacts include increased impervious surface,
loss of riparian buffer, loss of stream shading, change in surface and sub-surface
hydrological regimes, increased sedimentation, reduced flow, increased high flow events,
changes in channel morphology, and changes in physical makeup of streambed
composition.

Maryland’s geographic location on the Eastern seaboard and its close proximity to
large cities and the nation’s capital has helped to create a burgeoning human population.
Since 1990, the state’s population has increased 15.7% (from 4.7 million to 5.5 million in
2004) and is predicted to reach 6.4 million by 2030, an additional 12% increase
(Maryland Department of Planning statistics). Most of the increase has occurred in
counties east of the Catoctin Mountains, in areas where surviving brook trout populations
are already fragmented and at risk. Examples of this include: Frederick County’s
Antietam creek watershed, where urban land use has increased from 9.4 % in 1973 to
22.7% in 2000; Deer Creek in Harford and Baltimore counties, where urban land use has
increased from 4.0% in 1973 to 12.4% in 2000; and Little Gunpowder falls in Baltimore
county, where urban land use has increased from 12.3% in 1973 to 24.0% in 2000
(Maryland Department of Planning statistics).

Using Hudy’s et al. (2005) summary of stressors affecting brook trout populations
in Maryland, state biologists and University of Maryland researchers identified
urbanization as a high or medium impact in 100 of 145 subwatersheds where brook trout
historically occurred. Increased water temperature is a major impact of urbanization on a
watershed, and water temperature is a critical component of brook trout life history.
Maryland’s analysis mirrors the finding from Hudy et al. (2005) that 79.3% (106 of 145
subwatersheds) of Maryland’s historic and current brook trout streams are impacted by
high water temperatures. Hudy et al. (2005) also predict that when human land use
(development, homes, agriculture, etc.) within a subwatershed exceeds 18%, brook trout
habitat is impacted and populations will not survive. In Maryland, this has already been
demonstrated in the last decade by the loss of brook trout populations in Baltimore
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county watersheds (Gunpowder basin) and the Antietam creek watershed (Stranko et al.
2006).

The mitigation of impacts from urbanization is both a challenge and a necessity in
order to preserve, protect and enhance the brook trout resources of the state. Brook trout
populations are extremely sensitive to the cumulative impacts that occur with increasing
urbanization. Empirical data and historical brook trout extirpations support the
understanding that there are critical thresholds for brook trout survival in Maryland.

Impervious surfaces

Urbanization promotes a chain of events that are strongly correlated with
increasing imperviousness. Impervious surfaces associated with urban areas include
roads, rooftops and parking lots. Imperviousness promotes rapid runoff to aquatic
habitats and disrupts the natural hydrology of flowing waters. Frequent, short duration
runoff events with higher magnitude peak discharges result in large-scale physical
alterations to streams. Point and non-point discharges originating from wastewater
treatment facilities and storm water management facilities can combine in an urban area
to compound impacts to water quality and hydrology. High watershed imperviousness is
responsible for decreasing stream discharge during low flow periods; reducing in-stream
physical habitat; and, increasing stream temperature, embeddedness, erosion and
sediment transport. High imperviousness can significantly reduce ground water recharge
that can impact ground water influx to headwater streams. The response to high
impervious cover and high magnitude, frequent discharge is for the stream channel to
increase in cross-sectional area by down cutting, channel widening, or both. Urban areas
typically have higher pollutant and nutrient loads. All such impairments degrade and
threaten existing brook trout habitats and their biological community structure. Maryland
DNR’s MBSS program (Southerland 2005) found that brook trout populations were
eliminated in watersheds with impervious surface exceeding 4%, and substantial
reductions in populations are apparent with as little as 0.5% imperviousness (Figure 9).

Acidification- Atmospheric, Acid Mine Drainage (AMD)

The burning of fossil fuels has promoted acid deposition across the native range
of the brook trout. Acid deposition results from the release of nitrogen oxide, sulfur
dioxide and ammonia into the atmosphere. Prevailing weather patterns are generally the
transporting mechanism for acid deposition that often originates miles from the source.
The Maryland MBSS program reports that acidic deposition from atmospheric input is
the most common source of stream acidification in Maryland. Impacts on brook trout
populations in Maryland are primarily from the Catoctin Mountains and westward, where
the acid neutralizing capacity (ANC) is poor due to the geology and land use within the
watersheds.

Acid mine drainage (AMD) is the other main source of acidification impacting

brook trout streams in Maryland. A large portion of the native range of brook trout lies
within the Appalachian coal producing states, including Georgia, Tennessee, North

27



Carolina, Virginia, West Virginia, Maryland, and Pennsylvania (Figure 10). Coal
production from these states was approximately 35% of the national total in 2003 (U.S.
Dept. of Energy, Energy Information Administration). Regardless of the specific mining
method, the nature of coal mining results in disturbances to the environment. For
example, within the Appalachian coal states it has been estimated that since the early
1900’s over 17,000 km of streams have been polluted by acid mine drainage (AMD)
from more than 65,000 documented sources of coal mine drainage (U.S. Environmental
Protection Agency, Mid-Atlantic Integrated Assessment 2001). In Pennsylvania alone,
the United States Geological Survey (USGS) estimates that more than 5,500 km of
streams and associated groundwaters have been contaminated (U.S. Environmental
Protection Agency, Mid-Atlantic Integrated Assessment 2001). In Maryland, water
flowing from the Kempton Mine discharge, an abandoned deep mining operation in the
headwaters of the North Branch Potomac River, has a pH of 2-3. Since 1950, it has
discharged in excess of 91,600 tons of acid and 14,700 tons of iron and aluminum into
the river (M. Garner, personal communication).

Federal recognition of the environmental impacts of coal mining resulted in
passage of the Surface Mining and Reclamation Act (SMCRA) of 1977 (Public law 95-
87). Specifically mentioned in the Findings Section (SEC 101, c) was the impact on fish:
“many surface mining operations result in disturbances of surface areas ...destroying fish
and wildlife habitats...” This legislation initiated environmental mining impact standards
that provided some minimum protection for brook trout populations and also enabled
state governments to begin the process of reclaiming abandoned mine sites and
restoration of water quality. However, a legacy of enormous environmental problems
remains including reclamation of abandoned sites and the development of controversial
new mining practices, such as mountaintop removal.

Currently, brook trout populations in Maryland are primarily affected by coal
mining in two ways: impacts from abandoned mine sites (typically AMD) and ongoing
mining operations and reclaimed sites. Abandoned mine sites are prevalent throughout
the Appalachian region of the brook trout range, and Maryland is no exception (Figure
11). These sites affect brook trout populations by altering water quality through
contaminated groundwater and runoff. The chemistry of coal and surrounding rock
layers in the Appalachian region (high pyrite levels) is such that once exposed to water
and air the water becomes highly acidic, hence the origin of the term acid mine drainage.
This high acidity also allows the release of naturally occurring metals (i.e. iron,
aluminum, and manganese) in the rock, coal layers, and spoils that are toxic to aquatic
organisms. Ongoing mining affects are due to the very nature of surface and deep
mining, where practices such as overburden removal, storage of waste materials, creation
of wash ponds, hydrological disruptions, and subsidence, all create environmental
impacts which are unavoidable. Table 5 provides a list of many of the documented
impacts of both surface coal mining and deep coal mining. These impacts are detrimental
to the health and survival of brook trout populations and other aquatic biota, even if they
are later reduced or eliminated upon reclamation.
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The stream miles in Maryland impacted by AMD and mining are in a portion of
the state (Garrett and Allegany counties) where the environmental conditions and low
potential for urbanization otherwise create favorable conditions for long term survival of
brook trout populations (Figure 10). Reclamation and restoration of impacted streams in
this area of the state will provide the best opportunities to create and maintain brook trout
populations, and will reconnect and reduce fragmentation of already existing populations.

Agriculture

Agriculture was listed by Hudy et al. (2005) as having the second most important
negative impact on brook trout populations in Maryland. Much of the impact is
historical, with the loss occurring decades and even centuries ago. Historical conversion
of forested land to agricultural use created a suite of negative environmental impacts
similar to what occurs in urbanization: higher water temperatures, increased
sedimentation, hydrology changes, stream bank erosion, and the loss of riparian cover
along the streams. The addition of livestock exacerbates these problems by damage to
stream banks and substrate and the addition of nutrients (manure).

Over the last several decades recognition among the agricultural community,
resource managers, and state and federal regulatory agencies of the importance of
protecting our streams from the negative impacts of agriculture has resulted in the
creation of numerous incentive and conservation programs to protect these lands and
associated waters. Federal and state programs such as the Conservation Reserve
Enhancement Program (CREP), Wildlife Habitat Initiative Program (WHIP), and others
provide cost-share and reimbursement incentives to farmers to protect stream banks, plant
cover crops, fence livestock out of streams, and a variety of other best management
agricultural practices. The greatest opportunity to protect the brook trout resource lies in
utilizing these programs to assist farmers in protecting stream habitats where brook trout
populations persist. Few opportunities to restore extirpated brook trout populations exist
in agricultural areas where the habitat changes are already too severe. The rapid
urbanization and population growth occurring in Maryland’s rural agricultural
communities further reduces the potential for restoration.

Barriers

Fish barriers that impact brook trout populations in Maryland range from physical
structures (i.e. dams, impounded water upstream of a dam) to water conditions (acid
inputs, thermal barriers) to biological barriers (exotics such as brown trout). Most brook
trout populations in Maryland are restricted to the upper portions of streams so physical
blockages are not typically a problem. In some cases, blockages protect populations by
preventing the spread of brown trout from downstream populations.

A more common problem in Maryland is the barriers caused by physical (water
temperature, impounded water) and chemical (acidity) impacts. Fragmentation (lack of
interconnectivity with other populations) of brook trout populations due to these impacts
occurs to some extent in virtually all of Maryland, even in the most intact watersheds
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such as the Savage River. Examples include: high summer water temperatures that
exceed brook trout tolerance; acid inputs that isolate populations to specific portions of a
stream year round; and impounded waters that isolate stream populations.

Fragmentation of populations is detrimental to the long term genetic stability and
survival of a population, as discussed in the genetics section of this management plan. In
addition, physical and chemical barriers (either seasonal or permanent) can limit or
eliminate the ability of a population to recolonize suitable habitat after natural events
such as a drought, or an anthropogenic event causing population extinction (water regime
disruption, chemical spill, etc.). Reconnecting isolated brook trout populations within
subwatersheds, at a minimum, will be vital to the long term survival of brook trout in
Maryland.

Exotic species

The impacts of exotic fish species on brook trout populations have been well
documented throughout the native eastern brook trout range. Exotic species include
smallmouth bass Micropterus dolomieui and muskellunge Esox masquinongy in the New
England states and rainbow and brown trout throughout the entire range. In Maryland,
brown trout are currently the only exotic that has been documented to have had a
significant negative impact on brook trout populations. The literature is extensive on the
negative impacts that brown trout, both wild and stocked, can have on native brook trout
populations (Fausch and White 1981; Waters 1983; Fausch 1988). There are several
mechanisms by which brown trout negatively impact brook trout, primarily from
competition for similar resources between two species that share similar ecological and
physiological requirements. Field and laboratory studies have demonstrated the specific
competitive interactions that lead to brown trout dominance. These include: competition
for spawning sites and inter-specific competition among males for females (Grant et al.
2002); competition for food, feeding trials with wild and hatchery brook and brown trout
showed that brown trout outperformed and out-competed the brook trout (Dewald and
Wilzbach 1992); niche replacement, where the two species have occurred together the
removal of brown trout led to significant increases in brook trout populations (Waters
1983; Ault and White 1994); differential mortality rates due to predation and angling,
brown trout are less susceptible to angling pressure and predation (Cooper 1953;
Alexander 1977); food habits, larger brown trout are highly piscivorous and have been
shown to routinely prey on brook trout (Alexander 1977); differential growth rates and
life history traits, brown trout have shown higher growth rates when sympatric with
brook trout (Dewald and Wilzbach 1992); and brown trout exhibit higher aggressiveness
and territoriality (Kalleberg 1958; Fausch 1984; Dewald and Wilzbach 1992).

Brown trout impacts on brook trout populations in Maryland have been
extensive, particularly in the Gunpowder River system. The mainstem Gunpowder
supports a high density wild brown trout population (C. Gougeon, personal
communication) and an extremely popular wild trout fishery. The distribution of brook
trout in this system is limited to the headwaters of tributary streams (Figure 6). Even
though year-round water temperatures in the mainstem Gunpowder River (tailwater) are
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more than adequate for brook trout, there is not a self-sustaining population.
Fragmentation of the brook trout population in this system, maintained by the presence of
an abundant wild brown trout population, puts the brook trout resource at risk of genetic
extinction and extirpation due to stochastic events since natural recolonization is not
possible. Long term population monitoring in the Savage River tailwater has shown a
steady decline in the native brook trout population and is strongly correlated to the
increase in the wild brown trout population (Figure 8). There are no records in Maryland
where brook trout have out- competed brown trout.

The brown trout is a vital component of recreational fisheries management in
Maryland, but recognition of the detrimental impact this species has on brook trout
populations is vital to conserving the native brook trout. Conservation and restoration
efforts will have to take into account the presence of brown trout within a system, and
restoration of some brook trout populations may have to include removal of brown trout
populations. Where habitat conditions are suitable, restoring certain streams that support
both wild brown trout and brook trout to brook trout only populations presents the
greatest opportunity in Maryland to increase the number and miles of brook trout streams
and to reduce the level of fragmentation within subwatersheds.

Global Warming

With climate warming there is potential that stenothermal fishes, those with
narrow thermal ranges and generally intolerant of habitat perturbations, may be replaced
by eurythermal fishes, those with wide thermal ranges and generally tolerant of habitat
perturbations. Changes in fish assemblages due to climate warming may be gradual but
the replacement of species assemblages may be relatively rapid due to the loss of
connectivity and the time frame for climate change. Predicted changes in ground water
temperatures (Figure 12) and the impact on summer stream water temperatures will alter
the thermal regimes of what are currently brook trout streams in Maryland over the next
100 years (Meisner 1990). Meisner (1990) predicts a mean increase in groundwater
temperatures of 2 - 4°C by 2100 (Figure 12). This will increase summer stream water
temperature above the critical threshold for brook trout and result in the extirpation of
brook trout throughout most of the species historic range in Maryland (Figure 13).
Brook trout populations will be restricted to the Youghiogheny and upper North Branch
Potomac River drainages in Garrett and western Allegany counties.
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GENETIC CONSIDERATIONS
Introduction

Traditional fishery management activities have been directed towards
biological and physical (habitat and water quality) parameters and population/stock
assessments. The goal of fisheries management has been to maximize yield by balancing
harvest and recruitment. For commercial fisheries this translates into what can be
brought to market; for recreational fisheries harvest and angling experiences (numbers
and/or size) are important. While generally accepted and considered successful, the
traditional management approach is driven by data that are collected and analyzed in the
short term. This results in a perspective that fails to consider the long term effects of
harvest and catch on the genetic composition of the population and the ecosystem as a
whole. Over the last several decades, the development and refinement of electrophoretic
techniques has made it possible to add a genetic component to the process of brook trout
fisheries management. Brook trout genetic work has been in progress since the 1980’s,
focusing on identifying and examining populations in relationship to their physical
location.

Throughout their geographic range, brook trout have been a historically important
fish species for indigenous North American peoples and as a popular angling and
recreational resource for settlers and their descendants. The physical requirements needed
to support brook trout survival make them sensitive to habitat and water quality changes,
and populations have been suffering declines throughout their native range since colonial
times. It is estimated that prior to settlement there were more than 3,000,000 brook trout
in Maryland streams; in 1999, it was estimated that there were only 300,000 fish
(Boward et al. 1999).

Genetic considerations are a vital component of developing a comprehensive,
long- term fishery management plan for brook trout because of their distribution, and in
some cases isolation, in Maryland streams,. Incorporating a genetics component in any
long term plan is valuable for a variety of reasons. Survival of a species is dependent
upon its ability to respond to changing environmental conditions. Protecting genetic
diversity, therefore, is vital from an evolutionary standpoint. Likewise, over time,
populations in different watersheds and even stream reaches may be locally adapted to
the conditions in those waters. Disruptions to these systems could negatively impact the
survival of these populations.

Mechanisms of loss of genetic diversity

Recognizing the importance of preserving genetic diversity in a comprehensive
management strategy for brook trout leads to a need to understand the mechanisms of
how diversity can be lost. Four main factors related to population size are recognized as
potential causes of diversity loss: founder effects, demographic bottlenecks, genetic drift,
and inbreeding. Founder effects refer to the establishment of a new population by a small
number of individuals, where genetic diversity is limited to the founders. An example of
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this would be the reintroduction of brook trout into an unpopulated stream where the
parental stock is low in number and all come from the same population. If the new
population is reproductively isolated from other populations, initial genetic diversity will
be low and will likely decrease over time. Demographic bottlenecking is a situation
where a population experiences a one time severe reduction with the few surviving
individuals repopulating the stream, similar to a founder effect. An example would be a
reproductively isolated stream that experiences a fish kill due to a warm water event,
drought, or a poor water quality event (spill, acidity, etc.). The severity of genetic loss is
directly proportional to the number of repopulating adults. Genetic drift is a loss of rare
alleles from a population and can occur as a result of a prolonged bottleneck event. Rare
alleles provide elasticity in the genetic makeup. They are important for providing
adaptation responses to evolutionary challenges, such as a new parasite or change in
temperature regimes. An example would be an isolated brook trout population
experiencing a 3 or 4 year summer drought that results in a chronic bottleneck.
Inbreeding occurs when closely related individuals mate, reducing diversity over time. It
is a major problem in small populations. Inbreeding depression can occur when the
fitness of individuals is affected, such as reduced fecundity, growth, survivorship, etc.
Inbreeding is more likely if it occurs in a short period of time, such as the impacts of a
repeated drought. Small, stable populations are not as susceptible to inbreeding as larger
populations that suffer a severe decline caused by external factors. The result of the loss
of genetic diversity from any of these factors is especially important in small populations
that are relatively or completely isolated from other populations. Meffe and Carroll
(1994) provide an illustration of the importance of population size on loss of diversity.
For isolated populations, loss of diversity from a population of 1000 is 0.05% and from a
population of 50 the loss is 1%. Over a 20 generation period, the loss from a population
of 1000 is <1%, while the loss from a population of 50 is 18%!

Genetically effective population (GEP) sizes

The genetically effective population size (N¢) is the size of a population that
would have the same amount of inbreeding or of random gene frequency drift as the
population being studied (Kimura and Crow 1963) or the size of a population necessary
to maintain a genetically functional population. N is typically less than the actual
population size (Ncensus), the degree of which is highly variable by species. N, is useful
for predicting when a population, based on census monitoring, would reach a point where
reduced genetic variation would threaten the survival of the population.

Importance of genetic component in a management plan

Incorporating a genetic component into a fishery management plan is essential for
the long term fitness of a population(s). Meffe and Carroll (1994) provide guidelines for
the process of developing a long-term management plan for a particular species. A
review of these guidelines suggests that the genetic conservation of brook trout
populations in Maryland is currently being compromised. Additionally, considering the
genetic component(s) of a population has become increasingly more important in fish
conservation plans involving hatcheries, taxonomic studies, and captive breeding
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programs (Meffe and Carroll 1994). The qualitative guidelines for genetically based
conservation principles developed by Meffe and Carroll (1994) are as follows (italics
indicate specific guidelines of concern for Maryland):

1. Large genetically effective population sizes are better than small ones
because they will lose genetic diversity more slowly.

2. The negative effects of genetic drift and inbreeding are inversely
proportional to population size. Thus avoid managing for unnaturally
small populations.

3. Management of wild populations should be consistent with the history
of their genetic patterns and processes. For example, historically isolated
populations should remain isolated unless other concerns dictate that gene
flow must occur. Gene flow among historically connected populations
should continue at historical rates, even if that calls for assisted movement
of individuals.

4. Low genetic diversity per se is not cause for alarm because some
species historically have low diversity. However, sudden and large losses
of diversity in natural or captive populations are cause for concern.

5. Avoid artificial selection in captivity. This is best done by keeping
breeding populations in captivity for as few generations as possible and by
simulating wild conditions as nearly as possible.

6. After a population crash, encourage rapid population growth to avoid a
prolonged bottleneck.

7. Avoid possible outbreeding depression caused by breeding distantly
related populations if other choices are available.

8. Avoid inadvertent introductions of exotic alleles into wild or captive
populations.

9. Harvest of wild stocks (hunting, fishing) can select for genetic changes
which can affect the future evolution of the population or species. For
example, culling the largest individuals can select for earlier maturity and
smaller body sizes. Avoid selection in harvesting wild stocks.

10. Maintenance of genetic diversity in captive stocks is no substitute for
genetic diversity in the wild.
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Genetic status of Maryland brook trout populations

Behnke (1980) posed the question of whether there were distinct northern and
southern groups of brook trout or a single homogenous stock established after the last
glacial retreat during the Pleistocene. Subsequently, several authors surveyed genetic
relationships of brook trout populations throughout their native range as tests of
competing biogeographic hypotheses. Stoneking et al. (1981) surveyed populations from
Tennessee and North Carolina and compared them with fish from New York and
Pennsylvania using allozyme techniques.. Their results indicated the presence of separate
northern and southern phylogenetic lineages suggesting sub-specific status. Quattro et al.
(1990) and Morgan and Baker (1991) surveyed western Maryland populations of brook
trout using mitochondrial DNA restriction fragment length polymorphisms (mtDNA
RFLP) and allozymes respectively, and found significant genetic divergence between
populations from the Chesapeake Bay and Ohio River drainages.

Additional allozyme evidence for phylogeographic structure was found among
brook trout populations from the Great Smoky Mountains (McCracken et al. 1993;
Kriegler et al. 1996), where significant genetic differentiation among native brook trout
populations was detected. Hayes et al. (1996) examined 11 native populations of brook
trout from the southern Appalachian Mountains for mtDNA haplotypic diversity and
found sequence divergence of up to 0.8 % between populations. A study from the
southern edge of the glaciated region of eastern North America determined that there was
a high degree of genetic variation in populations of brook trout from Pennsylvania and
New York (Perkins et al. 1993). Most of this genetic diversity was partitioned among
four major river basins (St. Lawrence, Delaware-Hudson, Susquehanna, and Allegheny).
In recent studies, northern populations of brook trout, defined as those from recently
glaciated (i.e., Wisconsin glacial episode) regions in Canada and Great Lakes drainages
in the United States, have been extensively characterized based on allozyme surveys and
MtDNA RFLP (Danzmann and lhssen 1995; Jones 1995; Jones et al. 1996; Jones et al.
1997; Danzmann et al. 1991, 1998). A single mtDNA haplotype assemblage dominated
most northern brook trout populations, indicating recolonization from a single Atlantic
refugium (Danzmann et al. 1998). Notable exceptions were several western Great Lakes
populations that contained divergent mtDNA assemblages believed to have recolonized
from a Mississippi River refugium and divergent haplotypes in the Canadian Maritime
Provinces thought to have reentered from an Acadian (northeastern coastal) refugium.

Besides demonstrating the evidence for refugial origin of populations throughout
the native range of brook trout, the study by Danzmann et al. (1998) delineated six major
brook trout clade assemblages (hereafter designated as assemblages A-F). Assemblage A
haplotypes were distributed throughout the mid-range of the species from New York
south to Virginia and west to the Great Lakes drainages. Assemblage B was the most
widespread grouping found in abundance throughout the native range with the exception
of the southern reaches (Tennessee). Assemblage C was located in the Ohio River
drainage in West Virginia and those of the eastern Great Lakes. Assemblage D brook
trout were only found in the Mississippi drainage of western Maryland while assemblage
E, the most distant genetically, was found only in the Mississippi drainage of Tennessee,
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the most southern population examined. Assemblage F fish only appeared in the Ohio
River drainage of West Virginia. One assemblage (B) dominated populations from the
northern range, while more assemblage diversity was evident in mid-Atlantic regions.

Only one population from the southern range was tested (Indian Camp Creek in
Tennessee), and while it was defined as containing the most genetically divergent
assemblage (E), the lack of additional information from southern populations precluded
assessment of assemblage diversity in this region. However, studies of brook trout
populations from the southern reaches of the native range indicate relatively high genetic
diversities (McCracken et al. 1993; Kriegler et al. 1996; Hayes et al. 1996). These
findings suggest that mid-Atlantic populations of brook trout may define a transitional
zone between genetically diverse southern populations and relatively homogenous
northern populations.

Assemblage B haplotypes dominated the eastern portions of (this) which one??
drainage, including the Gunpowder River, Principio Creek, and Patapsco River drainages
in Maryland as well as Dry Run in Virginia. These haplotypes were most closely related
to the Edray Hatchery haplotype, and prior evidence indicated that this assemblage
dominates most of the northeastern range of brook trout (Jones 1995; Danzmann and
Ihssen 1995; Jones et al. 1996; Danzmann et al. 1998). Assemblage A haplotypes were
found mostly in the western drainages of the Chesapeake watershed including the
Monocacy River, Savage River, and North Branch Potomac River. The Kellogg Creek
population (all assemblage A haplotypes) in the Susquehanna River drainage is a notable
exception to this east-west Chesapeake division. Assemblage D haplotypes were confined
to the Youghiogheny River drainage in western Maryland. Exceptions to this grouping
were assemblage A haplotypes 78 and 79 found in Black Run and haplotype 75
(assemblage B) found in Puzzley Run. Big Piney Branch contained assemblage A and B
haplotypes only. Assemblages C, E, and F were mostly from Ohio River drainage
populations in West Virginia and Tennessee (lone assemblage E haplotype; Danzmann et
al. 1998) and were most closely related to the ancestral haplotype.

Morgan and Danzmann (1997; 2001) and Hall et al. (2002) suggested high
mtDNA RFLP diversity among brook trout populations in the mid-Atlantic when
compared to northern populations (Jones et al. 1997; Danzmann et al. 1998). These prior
studies revealed low mtDNA assemblage diversity in recently glaciated regions in
Canada and northeastern USA. The majority of haplotypes in these studies were from
assemblage B with a small number from assemblage A. In contrast, brook trout from the
mid-Atlantic belong to five of the six established mtDNA assemblages (Morgan and
Danzmann 1997, 2001; and Hall et al. 2002).

Most studies of populations from the southern Appalachians have produced
evidence that genetic diversity is relatively high in the southern portion of the brook
trout’s native range (McCracken et al. 1993; Hayes et al. 1996; Kriegler et al. 1996). The
only population included from the southern range was Indian Camp Creek in the
Tennessee River drainage (Danzmann et al. 1998). The single haplotype found in this
population was the only haplotype making up the most divergent assemblage from that

36



study. This information, coupled with the high mtDNA sequence divergences (as high as
0.8 %) found between southern populations (Hayes et al. 1996) suggested that regions
south of the putative mid-Atlantic possess higher mtDNA haplotypic diversity. However,
based on these comparisons, mid-Atlantic populations emerge as transitional in an
ascending continuum of haplotypic diversity from north to south. Future research should
focus on this region.

The question arises in this discussion as to whether past stocking events, followed
by naturalization of stocked fish or their hybridization with wild fish, could account for
these assemblage transfers between major drainages. One problem in examining the
genetic structure of Maryland brook trout populations is the rather large-scale
introductions of brook trout eggs, fingerlings, and adults throughout the state in the early
1900s. Stocking fish was an action in response to angler concerns about the lack of trout,
and other game species (Elser 1961; Powell 1967). At that time, agriculture, timber
harvesting and mining had severely affected Maryland trout streams. However, only
headwater streams (especially the upper reaches) were sampled in Maryland (Morgan and
Danzmann 1997, 2001; Hall et al. 2002). These headwater streams were generally not
stocked due to early, primitive road systems that prevented access by stocking trucks (R.
Morgan, personal observation). Initially, the stocking emphasis was on fingerlings but
later was switched to stocking larger fish for put-and-take fisheries (Powell 1967).
Fingerling survival appeared to be poor and angling pressure in the put-and-take areas
quickly removed the larger brook trout (Powell 1967). Some brook trout from federal
hatcheries were also stocked, but these were larger fish placed into put-and-take zones.
Danzmann and Ihssen (1995) found little evidence for the post-stocking success of
hatchery stocked brook trout in the Algonquin Park region of Ontario based upon the
survival of putative hatchery mtDNA haplotypes. These factors combine to enforce the
assertion that stream captures are a more likely explanation for multiple assemblages in
the brook trout populations sampled. One exception is the Panther Branch sample from
the Gunpowder River drainage in eastern Maryland. Stream capture is unlikely to
account for the delivery of assemblage D trout to this stream due to its geographic
distance from the putative source of assemblage D haplotypes (Youghiogheny River
drainage in western Maryland).

Currently, genetic work focuses on analyses of microsatellite loci in brook trout.
The work has demonstrated the power of this bioanalytical technique in understanding
the population structure of native brook trout throughout its range. For Maryland brook
trout populations (Figure 14), this technique expands the number of discrete brook trout
complexes to five, one more than reported by Hall et al. (2002). Basically, results
obtained from microsatellite work show a complex of six streams (top of Figure 14)
associated with the Catoctin Mountains (Blue Ridge ecoregion), three streams from the
Gunpowder and Patapsco drainages (Northern Piedmont), two streams from the
Youghiogheny drainage (Central Appalachians), four streams from the upper North
Branch drainage (Central Appalachians), and one from the Susquehanna drainage
(Northern Piedmont). These groupings are genetically distinct with the length of each
arm representing isolation distance from adjoining populations (Figure 14).
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Mid-Atlantic brook trout are under increasing pressure from urbanization and
pollution such as acid mine drainage (Boward et al. 1999; Warren et al. 2000). In
addition, brook trout may disappear from low altitude regions, like the Piedmont of the
mid-Atlantic, because of climatic warming (Meisner 1990). Population models indicate
that multiple anthropogenic stresses have the potential to cause serious population
declines (Marschall and Crowder 1996). Though the brook trout is currently considered
stable throughout most of its native range (Warren et al. 2000), certain populations may
become increasingly rare in the future, especially those near urban areas. For instance,
when sampling tributaries near urban areas in the Patapsco and Susquehanna rivers,
considerably more time was spent collecting adequate samples sizes of brook trout than
in streams located in rural areas or state park land.

Management based on genetic differentiation among populations has become a
widely utilized and successful conservation strategy (Meffe and Carroll 1994; Waples
1995). Knowledge of the genetic structure of a fish population is critical to effective
management. In particular, it is crucial to understand subdivision structure within a
population and to understand structure within a species or species complex. Although
probably not a major problem in brook trout, it is also important to identify whether or
not there is a possibility for differential harvesting among or within populations — this
may be needed to understand population dynamics, especially in fishes with low
fecundity such as the brook trout.

The transitional status of mid-Atlantic populations of brook trout provides an
opportunity to conserve a significant amount of genetic diversity within a relatively small
area. The natural history (i.e., stream capture, historical isolation, etc.) of the streams
sampled from this region is likely to have made a greater contribution to extant
assemblage structure than anthropomorphic actions (i.e., stocking). Therefore,
management of brook trout in the mid-Atlantic should be based on major hydrological
divisions that separate major lineages except where evidence exists for assemblage
mixing by natural means. In these drainages, more subtle management divisions are
warranted.
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MANAGEMENT RECOMMENDATIONS

The ultimate goal of Maryland’s Brook Trout FMP is to “restore and maintain
healthy brook trout populations in Maryland's freshwater streams and provide long-term
social and economic benefits from a recreational fishery.”” The objectives of the plan
(listed on page 8) provide the general framework for supporting this challenging goal.
The following management and research recommendations identify specific actions to
accomplish the objectives and implement the plan (Table 6).

General Management Recommendations

1 Collect sufficient brook trout life history and angler exploitation information for
management needs.

Policy, regulatory, and management decisions rely on biological and socio-
economic data to make appropriate decisions. While some life history and angler
exploitation data is available for Maryland brook trout populations there is a need for
more information. Of particular importance is information relating to life history
characteristics of brook trout populations statewide (population densities, mortality,
longevity, growth rates, etc.) and angler exploitation of these populations (harvest rates,
angler effort, etc.).

Strategy 1.1 Investigate the life history characteristics, i.e. mortality, longevity,
fecundity, growth rate, of Maryland brook trout populations statewide.

Action 1.1.1 Identify and pursue additional funding sources to
accomplish the needed work.

Strategy 1.2 Investigate angler use and exploitation on Maryland brook trout
populations statewide through creel surveys, and relate harvest and incidental angling
mortality to brook trout length frequency structure and maximum fish size.

Action 1.2.1 Identify and pursue additional funding sources to
accomplish the needed work.

2. Establish a statewide brook trout Genetic Effective Population (GEP) index.

The majority of Maryland’s brook trout populations are fragmented within their
historic range within watersheds, and connectivity between these fragmented populations
is minimal to non-existent due to chemical, physical, and biological (exotics) barriers.
Isolation of a population can lead to genetic problems and loss of viability.
Anthropogenic stressors on brook trout in Maryland, particularly east of Allegany
County, are increasing on the most vulnerable and fragmented populations. Determining
which populations are most at risk and which populations have the best chance of long
term viability is vital to directing brook trout conservation efforts. A key component of
this effort is developing GEP size index for the state.
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Strategy 2.1 Develop a GEP index for brook trout populations in the state of
Maryland.

Action 2.1.1 Submit a proposal for funding a GEP index research project
to the Maryland DNR State Wildlife Grant program for FY Q7.

Strategy 2.2 Utilize the index to categorize the status of brook trout populations
in Maryland and create a priority list of those most at risk, and those for which
conservation efforts would have long term potential for long term restoration.

3. Develop a plan to identify and preserve brook trout populations that are at risk
of imminent extirpation.

Identifying and protecting at risk brook trout populations is critical for the short
term survival of the species. The risk of extinction has increased because of the
fragmentation and isolation of brook trout populations throughout the state. Extirpation
of individual populations is a permanent loss of a genetic resource and also has negative
social and economic impacts through the loss of an angling resource, aesthetic value
(property value, etc.), and the regulatory and social protection afforded a unique, native
resource.

Strategy 3.1 ldentify and protect at risk brook trout populations.

Action 3.1.1 Determine at risk populations by statewide fisheries region
using current data, and then by using GEP index information once it becomes available.

Action 3.1.2 Develop a priority list of populations to be protected,
incorporating the GEP index value, land ownership (private versus public), upstream
watershed size and land use, public resource access, connectivity to other brook trout
populations, and recreational value.

4. Develop a comprehensive brook trout management plan for the Upper Savage
River watershed, the only large area with intact, connected populations.

The upper Savage River watershed, upstream of the Savage River dam and
including all reservoir tributaries, is Maryland’s only unfragmented brook trout resource.
It consists of 16 named streams and numerous unnamed tributaries, comprising over 100
miles of interconnected streams. This system accounts for 25% of all brook trout stream
miles statewide, supports the highest densities statewide, and is located in the
mountainous portion of Maryland that is predicted to be least affected by global warming.
The majority of stream lengths are on public land (Savage River State Forest), however,
the critical headwater portions of most of these streams are on private lands. Even
though public lands provide some protection to aquatic habitat, many threats have been
identified to the long-term viability of the brook trout resource. Along the headwater
streams on private land, agriculture and timbering are prevalent. In addition, stream
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channelization has occurred and there is increasing housing and farmette development.
Associated impacts with these activities include: sedimentation, temperature and flow
regime alterations, groundwater disturbance and loss of flow, etc. Also, numerous
impoundments occur along the Upper Savage section adversely affecting summer water
temperatures. Heft (personal communication, 2005) recorded high summer water
temperatures in the Savage headwaters in three different tributaries, the reverse of what
would occur in an unimpacted system. A specific management plan to conserve and
restore brook trout is needed because of the unique nature and status of the geographic
area. There are increasing (and accumulating) pressures on the watershed that impact
brook trout (particularly the headwater streams).

Strategy 4.1 Develop a brook trout management plan for the Savage River
watershed upstream of the Savage River dam. This plan will be used as blueprint for
developing plans in other brook trout watersheds.

Action 4.1.1 Develop a comprehensive Geographic Information System
(GIS) database detailing land ownership and usage within the upper Savage River
watershed, incorporating summer water temperatures and brook trout population
abundance from the Maryland DNR’s Inland Fisheries and MBSS databases.

Action 4.1.2 Utilizing the GIS analysis, identify areas within the Savage
River watershed that are negatively impacting brook trout populations and water quality
and develop a priority list of restoration/conservation activities.

Action 4.1.3 ldentify areas within the Savage River that need additional
conservation.

Strategy 4.2 Present the information and recommendations in the BTFMP to the
MD DNR Western Regional Team to solicit input and support.

Strategy 4.3 Develop a watershed-wide strategy for protecting habitat,
especially buffer protection and restoration in impacted headwater streams. Incorporate
existing land preservation and buffer strip restoration programs at the State and Federal
government level.

Strategy 4.4 Identify adverse summer water temperature impact areas
(impoundments, etc.) and develop strategies to alleviate the impacts.

Strategy 4.5 Designate the upper Savage River watershed a fisheries “Habitat
Area of Particular Concern” (HAPC). This designation will allow the development of
regulations and monitoring programs to protect the resource on a watershed specific
basis. It will also help to develop and foster the public and resource users’ support for the
management actions that need to occur; it will focus efforts to accomplish necessary
research; and it will demonstrate Maryland’s commitment to protecting and conserving
this unique resource.
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Action 4.5.1 Institute angling regulations to provide for maximum
protection of brook trout while still ensuring angler use of the resource, i.e. no closed
season, no harvest, single hook barbless lures only, no bait.

Strategy 4.6 Promote and encourage the development of a citizens-based
Savage River watershed advocacy organization. MD DNR will provide technical support
as needed..

5. Encourage riparian buffer habitat preservation and restoration.

The loss of riparian habitat contributes to Impaired water quality and flows,
increasing sedimentation, warming water temperatures, increased scour and flood events,
and other negative impacts as described in this plan. The USDA and the Maryland DNR
have a joint habitat protection incentive program (CREP) designed to provide financial
incentives and compensation to farmers to actively protect the vital stream corridors and
associated habitats found on their lands. This program pays farmers to restore and
protect the vital riparian and wetland habitats associated with streams on their properties,
through fencing and planting activities. Other programs such as the environmental
quality incentives program (EQIP) and the wildlife habitat incentives program (WHIP)
offered through the Natural Resource Conservation Service (NRCS) are also available.
Often improvements on property not eligible for CREP will qualify for EQIP or WHIP
funds.

Action 5.1.1 Develop a list of target watersheds in Maryland that could
benefit from the CREP program, rank each system based on brook trout population status
(best to worst), headwater agricultural impact, and size and connectedness of the system.

Action 5.1.1 Using the list generated from Action 5.1.1, actively recruit
and enroll farmers from the targeted watersheds into the CREP program.

Action 5.1.2 Create a list of the Federal, state, and NGO conservation
and restoration programs that are available to landowners; inform Regional Fisheries
managers and biologists of these programs so they can work with private landowners to
improve land use and water quality.

6. Convey impact(s) of human activities on brook trout populations to local and
state government agencies and the general public.

Loss and alteration of habitat is the biggest threat to brook trout resources. In
many situations, developers, county regulatory agencies and state agencies have
inadequate knowledge and understanding of how development and other anthropogenic
activities impact brook trout populations.

Strategy 6.1 The information that is needed by regulators and developers to

appropriately consider and plan activities so they do not adversely impact brook trout
populations is available. Developing an outreach strategy to convey this information
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twill provide key agencies and developers with the understanding necessary to make
appropriate decisions.

Action 6.1.1 Develop a series of PowerPoint presentations that illustrate
the life history needs of brook trout and the adverse impacts that can occur from
anthropogenic activities. Provide an ecosystem perspective by including a description of
how brook trout serve as indicators of overall stream health; and what a healthy brook
trout population means to the health of a watershed and the lives of those who reside
there.

Action 6.1.2 Meet with county and local government officials/agencies
and commercial developers to present the information and to establish a dialog on the
issues relating to the conservation and value of Maryland’s native brook trout.

Action 6.1.3 Make presentations available to the general public through
appropriate pathways, i.e. website, libraries, etc.

Action 6.1.4 Work cooperatively with other state agencies to insure
adherence to state water quality standards.

7. Develop guidelines for restoring extirpated brook trout populations.

Restoration of extirpated brook trout populations should follow a set of guidelines
to protect genetic integrity and include a monitoring component to determine success.

Strategy 7.1 Develop statewide restoration guidelines for restoring extirpated
brook trout populations.

Action 7.1.1 Adopt and modify the guidelines developed for brook trout
restoration by the American Fisheries Society’s Southern Division Trout Committee.

Action 7.1.2 Incorporate a genetic component into the guidelines to
direct brood fish selection location.

8. Complete genetic inventory of discrete brook trout populations.

Brook trout have discrete genetic populations by drainage area and even by river
system. Long term management strategies need to incorporate an understanding of the
genetic makeup of the population(s) being managed to insure genetic diversity and
preservation of stocks and prevent deleterious effects from reduced genetic diversity.
Efforts on a regional basis have been encouraged by the Eastern Brook Trout Joint
Venture (EBTJV); approximately half the brook trout populations in Maryland have been
sampled and their genetic structure determined. Completing a genetic inventory of the
remaining brook trout populations is vital to the conservation and restoration of the
resource. Cooperation with Pennsylvania and West Virginia has already been established
for streams that cross state boundaries.
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Action 8.1 Secure funding (an estimated $10,000) to complete the
statewide brook trout genetic inventory. The USFWS State Wildlife Grant Program and
EBTJV are two possible funding sources for completing this work.

9. Foster interaction with anglers and resource user groups about the management
of brook trout in Maryland.

Historically, brook trout management in Maryland has been secondary to other
coldwater trout species (rainbow, brown) management. No creel census surveys have
been directed at determining brook trout resource use, harvest, and angler opinion. There
have been no public discussions to solicit public opinion and desires about the
conservation of the resource. The opinions and suggestions of stakeholders and the
public are necessary to insure that the plan has the support necessary to be successful.

Strategy 9.1 Establish pathways to inform the general public about brook trout
conservation and protection.

Action 9.1.1 Utilize the Maryland Sportfish Advisory Commission
(SFAC), DNR Regional Teams, and other appropriate state agencies to solicit input on
brook trout conservation measures.

Action 9.1.2 Post the BTFMP on the DNR Fisheries Service webpage
and request on-line comments on conservation measures as part of the regular review of
the BTFMP.

Action 9.1.3 Conduct informational meetings as appropriate on new
issues and conservation actions.

10. Support grass roots advocacy groups dedicated to conservation of brook trout
in Maryland.

One of the most effective conservation tools is the development of citizen-
organized and operated watershed advocacy and restoration groups. These organizations
are typically community based and allied with other NGO’s (non-governmental
organizations). They are typically well received by individuals within the watershed and
local government personnel. In more rural areas, there can be a fear of government
regulation and intervention. Citizen-based advocacy groups can help to allay these fears
and/or remove the specter of government. As volunteer based organizations,
participating members usually have a high level of energy and purposefulness. They are
there because of intrinsic values associated with natural resources.

Strategy 10.1 Encourage public participation in fishery management through
informational and regulatory meetings and the development of organized watershed
advocacy groups. Current Federal efforts are directed at assisting the formation of
advocacy groups by funding startup and operational costs.
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Action 10.1 Develop a list of watershed advocacy organizations in
Maryland with current contact information. Evaluate the need for additional groups.
Create a list of Federal agency contacts that can assist in with citizen advocacy groups.

Agency-specific Recommendations

11. Develop statewide coordinated monitoring schedule.

Currently, Inland Fisheries does not have a schedule for monitoring brook trout
population status. Of the 151 streams identified as having viable populations, only a
small number are monitored annually. Current regional efforts include a goal to sample
each brook trout population within the region at least once during the five year Federal
Aid grant period (C. Gougeon, A. Klotz, personal communications). Lack of staff and
available time has prevented this goal from being accomplished.

Strategy 11.1 Develop a consistent, coordinated monitoring program to: 1)
assess and track population abundance and viability; 2) monitor and detect environmental
changes from anthropogenic (acidification, sedimentation, development/urbanization,
AMD, etc.) and natural causes (floods, drought); 3) monitor and detect exotic species
encroachment and impacts; and 4) monitor/detect water flow and temperature changes.

Action 11.1.1 Develop a monitoring schedule to insure that all brook
trout populations statewide are sampled at least once every 3 years.

Action 11.1.2 Coordinate brook trout sampling efforts between Inland
Fisheries and the MBSS to maximize efficiency. Where possible, reduce the number of
sites Inland Fisheries needs to monitor. Fisheries should focus on monitoring streams for
recreational fisheries, MBSS on sampling headwater, privately owned streams.

12. Develop a statewide standardized brook trout population sampling protocol.

Current sampling efforts for assessing brook trout populations utilize
electrofishing to collect fish. Population assessment is typically done one of two ways:
1) a three pass depletion is conducted and trout per kilometer and hectare, and kilograms
per kilometer are calculated along with individual length and weight data; or 2) a one
pass shocking episode is performed and the number of brook trout observed is noted or
recorded; basically confirming presence or absence of a population. Regional sampling
efforts are independent of one another and vary within the regions themselves, making
statewide data analysis and comparisons difficult or impossible. Also, most sampling
efforts are limited to collecting fish data only. No water quality or habitat data is
collected, thereby missing information that is vital for effective long-term management.
The MD DNR MBSS program collects data on freshwater fish, water, and habitat
conditions in streams throughout the state utilizing standardized methods. Combining
some of these methods with Inland Fisheries sampling methods would improve
monitoring information, particularly for monitoring habitat and water quality conditions
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and changes over time. Currently, there are no data on what has occurred from a water
quality/habitat standpoint in most of Maryland’s brook trout streams.

Strategy 12.1 Develop a standardized sampling protocol for monitoring brook
trout populations that includes: MBSS water quality and habitat data collection
components; establishment of permanent sampling stations; number of stations per
stream length; and fish collection methodology.

Action 12.1.1 Create a sampling standardization committee with members from
Inland Fisheries and MBSS to develop the sampling methodology.

Action 12.1.2 Conduct training with Inland Fisheries staff to implement
the standardized methodology.

Action 12.1.3 Collect summer water temperatures with in-stream
temperature recorders as part of brook trout monitoring.

13. Create a centralized statewide brook trout data depository.

Inland Fisheries brook trout data is not stored in one format or location, but is
regionally maintained. Analysis of statewide brook trout population trends or
comparisons of systems is difficult, time consuming, and impractical because of data
storage and availability issues. In addition, the MBSS and the University of Maryland
Appalachian Laboratory have large data collections, current and historic, that are not
readily accessible to Inland personnel.

Strategy 13.1 Develop a database that incorporates, and where possible,
standardizes, the historic and current statewide brook trout information available from the
Inland Fisheries, the MBSS, and the University of Maryland monitoring programs.

Action 13.1.1 Establish a data management group that includes a
representative from each of the major groups (DNR, UM, and MBSS) to standardize the
data collection format and create a statewide database of brook trout information.

Action 13.1.2 Identify other sources of brook trout data, such as MD
Bureau of Mines, additional academic institutions, and Federal agencies, and incorporate
the data into the statewide format.

Action 13.1.3 Develop a GIS database describing brook trout population

boundaries, population information, habitat variable information, and water temperature
data, as discussed in Action 4.1.1 of the General Recommendations section.
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RESEARCH RECOMMENDATIONS

Research on brook trout in Maryland has been limited to some genetic and
mercury contamination investigations, and a population distribution and density project
(Western Maryland, 1988-1990). Basic life history information, angler use and harvest,
and land use impacts on brook trout populations have not been investigated. Long term
management of Maryland’s brook trout resource requires more information than is
currently available. Making appropriate management decisions is difficult because of this
lack of information. Described below are research needs that would provide the needed
information for long term management of Maryland’s brook trout populations.

1. Determine brook trout life history parameters

Investigate major life history parameters of Maryland brook trout populations,
including: longevity, mortality rate, growth rate, population structure, and age at sexual
maturity.

2. Determine angler use, harvest, and economic benefit of the brook trout resource.

Investigate angler use and harvest of the brook trout resource, including: creel
surveys, angler questionnaires, and economic benefits.

3. Investigate brook trout movement patterns.

Investigate brook trout movement patterns within watersheds/subwatersheds/
impoundments, where populations are separated by seasonal or permanent impediments
to movement (i.e. high summer water temperatures, reservoirs, exotic trout population
barriers, etc.).

4. Investigate the impact of non-native trout and other exotic freshwater fish species on
brook trout populations.

Investigate the impact of non-native fish (i.e. brown and rainbow trout) on brook
trout populations, including: establishment of self-sustaining exotic trout populations;
stocking of put-and-take trout on wild brook trout populations; and the effect of removal
of established exotic trout populations on brook trout.

5. Investigate the effectiveness and impact of current statewide brook trout requlations.

Investigate value and impact of current management regulations on brook trout
populations statewide; determine if regulations are adequately protecting the resource.
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6. Determine the extent of streams impacted by acid rain and acid mine drainage.

Determine the number of streams/stream miles affected by acid rain and acid
mine drainage that have brook trout or could potentially support brook trout; develop a
priority list of streams where water quality could be restored to support brook trout
populations.
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Table 1. Geographic coordinates and stream length inhabited for Maryland’s self
sustaining brook trout populations as of 2005.

Key: River Basin - YG=Youghiogheny, NBP=North Branch Potomac, UP=Upper Potomac, MP=Middle
Potomac, WC=West Chesapeake, PA=Patapsco, GU=Gunpowder, SU=Susquehanna;

County - GA=Garrett, AL=Allegany, FR=Frederick, AA=Anne Arundel, BA=Baltimore, CA=Carroll,

HO=Howard, HA=Harford; UT=Unnamed tributary

. . Estimated
River Ge_ographlc coordinates Stream
Basin Watershed Cty. Stream Name (estl_matec_i from center of miles
inhabited stream) inhabited
1 YG Casselman GA Piney Creek N 39 42.865 W 78 56.945 0.5
2 YG Casselman GA Two Mile Run N 39 41.659 W 79 02.784 3.0
3 YG Casselman GA North Branch, UT N 39 39.006 W 79 12.261 1.0
4 YG Casselman GA Big Shade Run N 39 42.824 W 79 10.049 2.0
5 YG Casselman GA North Branch, UT N 39 34.462 W 79 14.935 1.0
6 YG Casselman GA South Branch N 39 36.665 W 79 11.535 10.0
7 YG White’s Creek (PA) GA Puzzley Run N 39 42.470 W 79 13.855 2.0
8 YG White’s Creek (PA) GA Buck’s Run N 39 42.748 W 79 14.743 15
9 YG Mill Run GA Mill Run N 39 42.883 W 79 19.188 7.7
10 YG Mill Run GA Mill Run, UT N 39 43.117 W 79 16.939 1.0
11 YG Bear Creek GA Bear Creek, below hatchery N 39 39.309 W 79 20.045 8.0
12 YG Bear Creek GA Bear Creek, above hatchery N 39 37.640 W 79 16.713 6.0
13 | YG Bear Creek GA L'J‘r:tnt;anegatr”CbL‘iz':y N 39 39.957 W79 16.608 16
14 YG Bear Creek GA Little Bear Creek N 39 39.276 W 79.15.860 3.6
15 YG Bear Creek GA Fikes Run N 39 40.312 W 79 20.052 2.0
16 YG Bear Creek GA Cove Run N 39 40.399 W 79 18.204 2.0
17 YG Buffalo Run GA Buffalo Run N 39 39.497 W 79 26.980 3.0
18 YG Deep Creek L. GA Smith Run N 39 29.500 W 79 21.878 1.0
19 YG Deep Creek L. GA Meadow Mt. Run N 39 31.400 W 79 15.977 2.7
20 YG L. Youghiogheny GA Little Youghiogheny N 39 25.38 W 79 17.35 1.0
21 YG Cherry Creek GA Unnamed tributary N 39 18.769 W 79 25.977 15
22 YG Youghiogheny GA Weimers Run N 39 28.284 W 79 24.635 0.5
23 YG Laurel Run GA Laurel Run N 39 37.611 W 79 27.503 25
24 YG Roaring Run GA Roaring Run N 39 27.348 W 79 25.838 1.0
25 YG Gap Run GA Gap Run N 39 35.505 W 79 23.406 3.0
26 YG Ginseng Run GA Ginseng Run N 39 34.618 W 79 23.230 35
27 YG Hoyes Run GA Hoyes Run N 39 32.848 W 79 23.552 29
28 YG Hoyes Run GA Fork Run N 39 32.107 W 79 32.298 1.9
29 YG Black Run GA Black Run N 39 24.018 W 79 18.656 19
30 YG Youghiogheny GA Unnamed tributary N 39 15.899 W 79 28.172 1.0
31 YG Cherry Creek GA Unnamed tributary N 39 20.219 W 79 24.360 1.2
32 NBP Shields Run GA McMillan Fork N 39 17.044 W 79 24.682 2.8
33 NBP Shields Run GA Shields Run N 39 16.940 W 79 23.562 4.3
34 NBP Shields Run GA Aronhalt Fork N 39 17.599 W 69 23.405 2.8
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Table 1. Continued (page 2 of 4)

. . Estimated
River Gepgraphlc coordinates Stream
Basin Watershed Cty. Stream Name (estl_mateq from center of miles
inhabited stream) inhabited
35 NBP Glade Run GA Glade Run N 39 18.883 W 79 29.088 3.6
36 NBP Steyer Run GA Steyer Run N 39 19.039 W 79 18.294 19
37 NBP Laurel Run GA Laurel Run N 39 20.878 W 79 17.104 5.0
38 NBP Laurel Run GA Trout Run N 39 21.208 W 79 19.145 3.0
39 NBP Laurel Run GA Riley Spring Run N 39 20.464 W 79 17.774 1.0
40 NBP Lostland Run GA South Prong Lostland N 39 22.804 W 79 16.476 2.7
41 NBP Lostland Run GA Lostland Run N 39 21.988 W 79 14.815 15
42 NBP Lostland Run GA North Prong Lostland N 39 23.515 W 79 15.399 3.0
43 NBP Short Run GA Short Run N 39 21.502 W 79 15.999 15
44 NBP Wolfden Run GA Wolfden Run N 39 23.722 W 79 12.608 5.0
45 NBP Elklick Run GA Elklick Run N 39 26.454 W 79 09.216 38
46 NBP Folly Run GA Folly Run N 39 27.123 W 79 08.325 4.4
47 NBP Laurel Run GA Laurel Run N 39 28.685 W 79 07.089 2.6
48 | NBP Savage River GA Sa"agebz'c‘)’vflrag‘rﬁ'”“em N 39 29.812 W 79 06.302 45
49 NBP Savage River GA Unnamed tributary N 39 30.662 W 79 06.504 0.5
50 NBP Savage River GA Crabtree Creek N 39 28.095 W 79 12.011 13.0
51 NBP Savage River GA Middlefork Creek N 39 31.304 W 79 10.325 6.5
52 NBP Middlefork Creek GA Tom's Spring Run N 39 30.880 W 79 11.041 15
53 NBP Savage River GA Dry Run N 39 31.651 W 79 09.155 1.7
54 NBP Savage River GA Monroe Run N 39 33.317 W 79 10.235 3.1
55 NBP Savage River GA Big Run N 39 39.167 W 79 09.418 55
56 | NBP Big Run GA Uwhﬁ?kiitﬂgﬂ?x N 39 34.791 W 79 10.930 15
57 NBP Savage River GA Pine Swamp Run N 39 32.380 W 79 06.792 4.0
58 NBP Savage River GA Bear Pen Run N 39 43.670 W 79 07.444 2.0
59 NBP Savage River GA Poplar Lick N 39 36.006 W 79 07.287 6.3
60 NBP Savage River GA Savage R. above reservoir N 39 36.509 W 79 02.851 15.9
61 NBP Savage River GA Elk Lick Run N 39 36.405 W 79 05.892 2.7
62 NBP Savage River GA Black Lick Run N 39 37.012 W 79 05.215 2.5
63 NBP Savage River GA | West Branch Blue Lick Run N 39 38.157 W 79 04.607 2.1
64 NBP Savage River GA Bl