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Recommendations foAquatic Organism Passage at Maryland Re@dam Crossings

BACKGROUND ARDRPOSE

Members and associates tifie Chesapeake Bay manual and cannot be used as a standalone
t NP Id\RislYRassage Workgroup, from state andeference to successfully replace or install a
federal agencies and neprofit organizations, culvert. The crossing recommendations presented
began meeting during the spring of 2018 with the are intended to be used in conjunction with sound
intent to increase the number of fishiendly engineering and design practices &tcordance
culverts in Maryland. Many agencies andwith all state and federal regulations. Additional
organizations throughout the Uteid States, and project and site considerations should occur early
particularly in the northeast, have increased theirin the planning and design process, including
efforts to remove instream barriers to ensure that owner agency design objectives, considerations,
fish can migrate upstream and downstream inand constraints. Potential objectives and
rivers and streams to access habitat importantconstrants include permit requirements, working
during various life stages. This group firstwithin the roadway rightof-way, an analysis of
inventoried what Maryland and other stategere  design alternatives, capital and libgcle costs,
doing to ensure that roadtream crossings allow risk-based decision makinge.g., public safety,
for fish passage. They next invited a speaker tenvironmental, etc.), use of sound science and
inform the group about how Massachusetts isengineering approdtes, and constructability.
approaching aquatic connectivity at roatteam
crossings The dMassachusetts Stream Crossings
Handbook and related stream crossing standards o ) )
have served as the basis for stream crossin romote  stream - continuity, aquatic organism
. . assage, and in some cases, terrestrial wildlife
recommendations and guidelines used by severa . .
other states throughout the eastern United States, PaS539€- .Local cgnservatlon groups, city and
bsequently the groupmet with individuals from county engineers, highway departments, resource

o . . agencies, and the general public can use this

agencies iMarylandthat review permits for road L
o . document to help promote stream continuity

stream crossingsi.€., bridges and culverts) to
. . . " throughoutMaryland.
discuss their review and permitting process.
Following this meeting, the group determined that These recommendations were developed based
there was a need for communicatiotools, on a literature review of over 90 sources and
including a  document that provides coordinatin and review by a stakeholder group
recommendations for aquatic organism passage atonsisting of members of the Chesapeake Bay
road-stream crossings in Maryland. t NEPAINI YQa CAAK tlaal3asS 22N]
from other state agencies, federal agencies, and

This document is meant to inform local ) i,
. : . conservation groups. ThAdditional Resources
conservation groups, city and county engineers,

. , section at the end of this documenprovides
highway departments, resource agencies, dmel o _ )
: . resources to aid in the implementation of the
general public on the importance of stream : : : .
o . recommendations provided in this document.
continuityto the health of Maryland streamd his _ - i _
. . Finally, he Definitions section at the end of this
document also providesecommendations for . o
: . L . _document defines the italicized terms used
crossing structures to improve or maintain aquatic
. . . throughout the document.
organism passagaiong nontidal waterways This
document is nb a technical handbook or design

The main goal of this document is to present
Maryland stream crossing recommendations to
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Recommendations foAquatic Organism Passage at Maryland Re@gdam Crossings

INTRODUCTION

Maryland contain®ver 10,000 miles of freshwater Pasage Workgroup has committed to opening an
streams and rivers, with the majorityraining to  additional 1,000 miles of streaand subsequently
0KS / KS&alLISI]1S . I&d all182nilds ¢vBrptivo yeafeliteseliargét pecleNS
exceptional for their beauty, ecological by 2025.

importance, and recreational valu@he diverse
stream and habitat type$ound throughout the
state supporta unique and broad range of aquatic
fauna, such as fish, salamanders, turtles an
freshwater musselsSimilar to much of the United
States, land use changes have historically impacte
agudic habitats in Maryland, from indirect effects
on water quality associated with watershed
development to aquatic migration barriers
associated with roadways.

When not properly designedrossings caimpede
movement of migratory fishspecies fragment
CPopulations of resident aquaticrganisms and
degrade water quality and aquati@bitat quality
tcprough the alterations of flow andsediment
transport. However, tseam continuity or the
uninterupted connection of a river network, is not
always the primary considation when designing
road-stream crossings. Other project objectives,
such as providing safe transport for the public,
Fragmentation of aquatic habitatdby dams, providing flood conveyance, and adhering to
culverts, and other infrastructure is a primary financial constraints may be prioritized over
threat to aquatic specieshroughout the United aquatic organism passage.

States. The need to improve aquatic connectivityTh | of tic barriers located al ¢
in the Chesapeake Bay watershed has been th € remaal of aquatic barmers located along free

: owing waterwayscan have numerous ecological
focus of government agencies and other

environmental groups for decades. From 1989 tobeneflts, including increasing  biodiversity,

HamoX GKS / KSal L8HPpsdage |MBOVIYfBogRlpn gng grarian function, and re
establishing migratory routes and habitat access

6or aquatic organisms In addition, properly
designed crossingsnd design approaches can
benefit aquatic organisms and reduce road
maintenance costs caused by high water and
subsequent erosion.

Workgroup has implemented dam removal and
fish passage projects that have opened over 2,50
miles of stream foriver herring, American shad,
hickory shad, American eel, and/or brook trout
within the Chesapeake Bay watershed. The Fish
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Recommendations foAquatic Organism Passage at Maryland Remdam Crossings

IMPORTAGEOF STREAM CONTINWHDR AQUATIC COMMUNITIES

Access tospawning areas:Stream continuity is
important for reproduction of migratory and
resident fish species, alikeBoth resident and
diadromous fish species migrate to access
spawning areas. Spawning runs range from short
distances for resident species to hurds of miles
for somediadromousspecies. Stream continuity is
crucial foranadromousand semianadromousdish
species, which include striped bass, hickory shad
American shad, blueback herring and alewife
(collectively known as river herring), white pkyc

I hin th f | School of alewife during spawning run in Deer C
and yellow perch in the state of Maryland. Maryland(Photo credit: Ryan Hagerty, USFWS)

Access to coldwater habitats:Many aquatic
speciesin Maryland such as brook troutiely on
coldwater habitats athermal refugiaduring warm
summer monthsThese coldwater habitats include
groundwaterfed, headwater streams that
maintain cooler temperatureduring the summer
as well as deeper pool habitats found along cool
and coldwater streamsThese thermal refugia are
crucial for the survival and maintenance of
coldwater aquatic communitieg organisms that
are excluded from coldwater habitats during Bfloo'f trout, the only trout specietative to Maryland
summer mon.thsdue to movement barrlers. are 55 ggé © ()sés y a ::jger_ea;le;t:{mﬁ
more susceptible to heat stress and mortality. quality conditions and require access to coldwater hak
for survival(Photo credit: Ryan Hagerty, USFWS)

Access to forage Varied streamhabitats have
different prey communities and feeding
opportunities depending on the location and time
of year. For example,large predators, such as
striped basswill often travel to exploit schools of
baitfish during certainseasons or time oflay.
Macroinvertebrate communities also vary along
the stream network, presenting different feeding
opportunities depending on locationWwhen road
crossingsestrict movement the fragmentation of
streams can impede access to feedingaa and
impactfishcommunities

Macroinvertebrate communities vary along stre
networks, providing different feeding opportunities for
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Natural dispersal: In addition to fish, other
aquatic, semaquatic, and even terrestrial species
rely on stream corridors for naturaispersaland
re-colonization after disturbances (e.g., droughts,
water quality contamination)Aquatic and semi [
aquatic salamanders, frogs, and turtles utilize f§ >4
streams and streambanks for daily and seasonalfs
movement. A barrier at a roagtream crossing §
may force these species to navigate over land and
across roadway exposing them to predators and
roadway mortality. Unlike reptiles and N e
s . . Adult northern twolined salamanders are often foul
amphibians, which move freely on their own, along stream margins, using streams and stream ban
freshwater mussel dispersal requires host fish ravel. (Photo creditKevin Stohigren, dastal Resource
species for dispersal Mussels reproduce by Inc)
releasing larve, or glochidia, into the water. The
glochidia attach to the fins or gills of host fish
species and later release from the fish to colonize
new stream reaches.Therefore, if a stream
crossing blocksghmovement,then it alsoblocks
upstream dispersal dfeshwatermussels.

425D

Maintaining habitat: Culvertscancreate channel
instability that degrades habitat, making
conditions uninhabitable by native plants and |
animals.Undersized culverts can lead to upstream wood turtles utilize both aquatic and terrestrizbitats
and downstream banlkrosion, resulting in wider  During mating season, stream blockages can be haza
stream channels and increased fine sedimentt wood turtles by forcing them to navigate acr
deposition that affectthe quality ofstream and roadways. (Photo credit: Kevin Stohlgren, dastal
. ] . Resources, Inc.)

riparianhabitats.

Genetic diversityPopulations requiremovement

of individualsand habitat connectivityto maintain
genetic diverdy. Habitat fragmentation can result
in unfavorable gene flow due to isolation and
inbreeding within smaller groups of individuals.
Roadstream blockages can isolate populations,
which can lead to whole populations being
eliminated, reduced, orgenetically damaged.
Maintaining genetic diversity isritical becauset
allows populations to adapt

P

. Freshwater mussels require host fish species

) to Changmg distribution of their larvae throughout stream networ

environments. Host speciefor this Eastern elliptiinclude American e
yellow perch, brook trougnd mottled sculpin.
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COMMONCULVERAROBLEMS

Some causes ofdoriers to fish and other aquatic Openbottomed  structures and  culverts
organismscan be traced back to thencorrect embedded below the streambedcan allow for
sizing or installation of the structure Site substrate and flows comparable to the
characteristics such as downstream channel surrounding streamCareful consideration should
degradation steep chanel slopessediment load, be given to the vertical and horizontal alignment of
and overall channel stabilitgan alsoinfluence the crossing structure, relative to upstream and
whether a culvert becomes barrier to aquatic downstream conditions.

organisms Identifying and understanding
characteristics of poor stream crossings is critical
for evaluating whether a certain crossing should be
fixed or replacedand informsrecommendations
for properstreamcrossinglesign

Undersizedculverts can constrict channel flow
relative tothe natural upstream and downstream
flow conditions especially during flood events.
This can lead tesediment depositionponding,
flooding, clogging and erosion If undersized
crossings are left unchecked, they ceesult in
failed structures and damage to roadways or other
infrastructure Undersized culverts create high
velocity through the structure during high flow
events. This high velocity can result in downstream Perched Culvert
scouringand sometimegperching Resultingscour
pools downstream of undersized culvecanpose

an ongoing maintenance issue that needs to be
corrected with rip rap or other scour protection to
protect the structure. The scouring can create a
drop in water level below the outlet of theulvert
that results in abarrier to fish passagePerched
culvert conditions can also result fromongterm
bed degradationdownstream of the culvert, or
steeper channel and structure slopes.

Structure installation, orplacement determines
the horizontal and vertical angle of the crossing
structure, relative to the stream channebhallow
crossingganresult from structures that have been
installed too high, resulting in water dem that
are insufficient for aquatic organism passage.
Shallow crossing can also result from steep
channel and structure slopes or sediment
deposition in or upstream of the culvert.

Shallow Crossing
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