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BACKGROUND AND PURPOSE 
 

Members and associates of the Chesapeake Bay 

tǊƻƎǊŀƳΩs Fish Passage Workgroup, from state and 

federal agencies and non-profit organizations, 

began meeting during the spring of 2018 with the 

intent to increase the number of fish-friendly 

culverts in Maryland. Many agencies and 

organizations throughout the United States, and 

particularly in the northeast, have increased their 

efforts to remove instream barriers to ensure that 

fish can migrate upstream and downstream in 

rivers and streams to access habitat important 

during various life stages. This group first 

inventoried what Maryland and other states were 

doing to ensure that road-stream crossings allow 

for fish passage. They next invited a speaker to 

inform the group about how Massachusetts is 

approaching aquatic connectivity at road-stream 

crossings. The άMassachusetts Stream Crossings 

Handbookέ and related stream crossing standards 

have served as the basis for stream crossing 

recommendations and guidelines used by several 

other states throughout the eastern United States. 

Subsequently, the group met with individuals from 

agencies in Maryland that review permits for road-

stream crossings (i.e., bridges and culverts) to 

discuss their review and permitting process. 

Following this meeting, the group determined that 

there was a need for communication tools, 

including a document that provides 

recommendations for aquatic organism passage at 

road-stream crossings in Maryland.  

This document is meant to inform local 

conservation groups, city and county engineers, 

highway departments, resource agencies, and the 

general public on the importance of stream 

continuity to the health of Maryland streams. This 

document also provides recommendations for 

crossing structures to improve or maintain aquatic 

organism passage along non-tidal waterways. This 

document is not a technical handbook or design 

manual and cannot be used as a standalone 

reference to successfully replace or install a 

culvert. The crossing recommendations presented 

are intended to be used in conjunction with sound 

engineering and design practices in accordance 

with all state and federal regulations. Additional 

project and site considerations should occur early 

in the planning and design process, including 

owner agency design objectives, considerations, 

and constraints. Potential objectives and 

constraints include permit requirements, working 

within the roadway right-of-way, an analysis of 

design alternatives, capital and life-cycle costs, 

risk-based decision making (e.g., public safety, 

environmental, etc.), use of sound science and 

engineering approaches, and constructability. 

The main goal of this document is to present 

Maryland stream crossing recommendations to 

promote stream continuity, aquatic organism 

passage, and in some cases, terrestrial wildlife 

passage. Local conservation groups, city and 

county engineers, highway departments, resource 

agencies, and the general public can use this 

document to help promote stream continuity 

throughout Maryland. 

These recommendations were developed based 

on a literature review of over 90 sources and 

coordination and review by a stakeholder group 

consisting of members of the Chesapeake Bay 

tǊƻƎǊŀƳΩǎ CƛǎƘ tŀǎǎŀƎŜ ²ƻǊƪ DǊƻǳǇ ŀƴŘ ƳŜƳōŜǊǎ 

from other state agencies, federal agencies, and 

conservation groups. The Additional Resources 

section at the end of this document provides 

resources to aid in the implementation of the 

recommendations provided in this document. 

Finally, the Definitions section at the end of this 

document defines the italicized terms used 

throughout the document. 
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INTRODUCTION 
 

Maryland contains over 10,000 miles of freshwater 

streams and rivers, with the majority draining to 

ǘƘŜ /ƘŜǎŀǇŜŀƪŜ .ŀȅΦ aŀǊȅƭŀƴŘΩǎ ǿŀǘŜǊǿŀȅǎ ŀǊŜ 

exceptional for their beauty, ecological 

importance, and recreational value. The diverse 

stream and habitat types found throughout the 

state support a unique and broad range of aquatic 

fauna, such as fish, salamanders, turtles and 

freshwater mussels. Similar to much of the United 

States, land use changes have historically impacted 

aquatic habitats in Maryland, from indirect effects 

on water quality associated with watershed 

development to aquatic migration barriers 

associated with roadways. 

Fragmentation of aquatic habitats by dams, 

culverts, and other infrastructure is a primary 

threat to aquatic species throughout the United 

States. The need to improve aquatic connectivity 

in the Chesapeake Bay watershed has been the 

focus of government agencies and other 

environmental groups for decades. From 1989 to 

нлмоΣ ǘƘŜ /ƘŜǎŀǇŜŀƪŜ .ŀȅ tǊƻƎǊŀƳΩǎ Fish Passage 

Workgroup has implemented dam removal and 

fish passage projects that have opened over 2,500 

miles of stream for river herring, American shad, 

hickory shad, American eel, and/or brook trout 

within the Chesapeake Bay watershed. The Fish  

 

Passage Workgroup has committed to opening an 

additional 1,000 miles of stream and subsequently 

132 miles every two years for these target species 

by 2025. 

When not properly designed, crossings can impede 

movement of migratory fish species, fragment 

populations of resident aquatic organisms, and 

degrade water quality and aquatic habitat quality 

through the alterations of flow and sediment 

transport. However, stream continuity, or the 

uninterupted connection of a river network, is not 

always the primary consideration when designing 

road-stream crossings. Other project objectives, 

such as providing safe transport for the public, 

providing flood conveyance, and adhering to 

financial constraints may be prioritized over 

aquatic organism passage.  

The removal of aquatic barriers located along free-

flowing waterways can have numerous ecological 

benefits, including increasing biodiversity, 

improving floodplain and riparian function, and re-

establishing migratory routes and habitat access 

for aquatic organisms. In addition, properly 

designed crossings and design approaches can 

benefit aquatic organisms and reduce road 

maintenance costs caused by high water and 

subsequent erosion. 
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IMPORTANCE OF STREAM CONTINUITY FOR AQUATIC COMMUNITIES 
 

Access to spawning areas: Stream continuity is 

important for reproduction of migratory and 

resident fish species, alike. Both resident and 

diadromous fish species migrate to access 

spawning areas. Spawning runs range from short 

distances for resident species to hundreds of miles 

for some diadromous species. Stream continuity is 

crucial for anadromous and semi-anadromous fish 

species, which include striped bass, hickory shad, 

American shad, blueback herring and alewife 

(collectively known as river herring), white perch, 

and yellow perch in the state of Maryland. 

 

Access to coldwater habitats: Many aquatic 

species in Maryland, such as brook trout, rely on 

coldwater habitats as thermal refugia during warm 

summer months. These coldwater habitats include 

groundwater-fed, headwater streams that 

maintain cooler temperatures during the summer, 

as well as deeper pool habitats found along cool 

and coldwater streams. These thermal refugia are 

crucial for the survival and maintenance of 

coldwater aquatic communities ς organisms that 

are excluded from coldwater habitats during 

summer months due to movement barriers are 

more susceptible to heat stress and mortality.  

 

Access to forage: Varied stream habitats have 

different prey communities and feeding 

opportunities depending on the location and time 

of year. For example, large predators, such as 

striped bass, will often travel to exploit schools of 

baitfish during certain seasons or time of day. 

Macroinvertebrate communities also vary along 

the stream network, presenting different feeding 

opportunities depending on location. When road 

crossings restrict movement, the fragmentation of 

streams can impede access to feeding areas and 

impact fish communities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
 

School of alewife during spawning run in Deer Creek, 

Maryland (Photo credit: Ryan Hagerty, USFWS) 

Brook trout, the only trout species native to Maryland, 

ƘŀǾŜ ōŜŜƴ ŘŜŜƳŜŘ ŀ άǎǇŜŎƛŜǎ ƻŦ greatest conservation 

ƴŜŜŘέ ōȅ a5bwΦ .Ǌƻƻƪ ǘǊƻǳǘ ŀǊŜ ǎŜƴǎƛǘƛǾŜ ǘƻ ǇƻƻǊ ǿŀǘŜǊ 

quality conditions and require access to coldwater habitats 

for survival. (Photo credit: Ryan Hagerty, USFWS) 

Macroinvertebrate communities vary along stream 

networks, providing different feeding opportunities for fish 
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Natural dispersal: In addition to fish, other 

aquatic, semi-aquatic, and even terrestrial species 

rely on stream corridors for natural dispersal and 

re-colonization after disturbances (e.g., droughts, 

water quality contamination). Aquatic and semi-

aquatic salamanders, frogs, and turtles utilize 

streams and streambanks for daily and seasonal 

movement. A barrier at a road-stream crossing 

may force these species to navigate over land and 

across roadways, exposing them to predators and 

roadway mortality. Unlike reptiles and 

amphibians, which move freely on their own, 

freshwater mussel dispersal requires host fish 

species for dispersal. Mussels reproduce by 

releasing larvae, 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 blocks fish movement, then it also blocks 

upstream dispersal of freshwater mussels. 

 

Maintaining habitat: Culverts can create channel 

instability that degrades habitat, making 

conditions uninhabitable by native plants and 

animals. Undersized culverts can lead to upstream 

and downstream bank erosion, resulting in wider 

stream channels and increased fine sediment 

deposition that affect the quality of stream and 

riparian habitats. 

 

Genetic diversity: Populations require movement 

of individuals and habitat connectivity to maintain 

genetic diversity. Habitat fragmentation can result 

in unfavorable gene flow due to isolation and 

inbreeding within smaller groups of individuals. 

Road-stream blockages can isolate populations, 

which can lead to whole populations being 

eliminated, reduced, or genetically damaged. 

Maintaining genetic diversity is critical because it 

allows populations to adapt to changing 

environments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Adult northern two-lined salamanders are often found 

along stream margins, using streams and stream banks to 

travel. (Photo credit: Kevin Stohlgren, Coastal Resources, 

Inc.) 

ryland (Photo credit: Ryan Hagerty, USFWS) 

Wood turtles utilize both aquatic and terrestrial habitats. 

During mating season, stream blockages can be hazardous 

to wood turtles by forcing them to navigate across 

roadways. (Photo credit: Kevin Stohlgren, Coastal 

Resources, Inc.) 

Freshwater mussels require host fish species for 

distribution of their larvae throughout stream networks. 

Host species for this Eastern elliptio include American eel, 

yellow perch, brook trout, and mottled sculpin. 
ryland (Photo credit: Ryan Hagerty, USFWS) 
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COMMON CULVERT PROBLEMS 
 

Some causes of barriers to fish and other aquatic 

organisms can be traced back to the incorrect 

sizing or installation of the structure. Site 

characteristics, such as downstream channel 

degradation, steep channel slopes, sediment load, 

and overall channel stability can also influence 

whether a culvert becomes a barrier to aquatic 

organisms. Identifying and understanding 

characteristics of poor stream crossings is critical 

for evaluating whether a certain crossing should be 

fixed or replaced and informs recommendations 

for proper stream crossing design. 

Undersized culverts can constrict channel flow 

relative to the natural upstream and downstream 

flow conditions, especially during flood events. 

This can lead to sediment deposition, ponding, 

flooding, clogging, and erosion. If undersized 

crossings are left unchecked, they can result 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 

scouring and sometimes perching. Resulting scour 

pools downstream of undersized culverts can pose 

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 the culvert 

that results in a barrier to fish passage. Perched 

culvert conditions can also result from long-term 

bed degradation downstream of the culvert, or 

steeper channel and structure slopes. 

Structure installation, or placement, determines 

the horizontal and vertical angle of the crossing 

structure, relative to the stream channel. Shallow 

crossings can result from structures that have been 

installed too high, resulting in water depths 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. 

Open-bottomed structures and culverts 

embedded below the streambed can allow for 

substrate and flows comparable to the 

surrounding stream. Careful consideration should 

be given to the vertical and horizontal alignment of 

the crossing structure, relative to upstream and 

downstream conditions. 
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