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EXPLANATION
# Bivalves
! Fish
" Crayfish

A presence/absence database was created 
for each aquatic species of fish, crayfish, and 
bivalves in the GAP project.  Each database 
contained the following information:
1. Location (latitude, longitude, 
    descriptions)
2. Sampling information (month, day, year)
3. Species information (scientific name, 
    common name)

Fish: 261,450

Bivalves: 21,081 Crayfish: 6,477
Aquatic GAP Species Records

Fish: 4,521Crayfish: 4,469

Bivalves: 2,530

Number of Sampling Locations

Physical Habitat Types are a stream classification 
scheme at a macro-habitat scale. This is coarser 
than a stream reach level classification but finer than a 
description of the whole stream or basin. The 
Physical Habitat Types represent eight enduring physical 
characteristics of the river. Biology was not considered
in the Physical Habitat Types. Ohio Gap classified 5,269
physical habitat types.

Stream specific variables:
1. Link: A measure of stream size 
2. DLink: Downstream link, is a measure of stream 
    connectivity and size
3. Sinuosity
4. Gradient
5. Bedrock
6. Temperature
7. Glacial thickness
8. Glacial character 

Geo-spatial variables:
1. Ecoregion Level III
2. Modern drainage
3. Historic pre-glacial drainage
4. Glacial history

# Physical Habitat Type: 43111313
4 = Large stream 
3 = Flowing into a large stream 
1 = Low sinuosity, <= 1.199
1 = Very low gradient, 0-0.5
1 = Shale
3 = Warm water, >= 22
1 = Shallow, 0-100ft. 
3 = Fine grained stratified, F,Fsg

43111313
EXPLANATION

Known biological distributions 
were digitally mapped by displaying 
points where each species was collected.  

Bluebreast darter Rock crawfish Elktoe
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Known Species Distributions

or
2b The Extrapolation Method

2.
Set percentage of species occurrence points for

building/testing model

Choose model variables

Ran individually for each species

Runs at least 1000 models for each species 

Uses four rule types to reach convergence limit

1.

5.
4.

3.

The accuracy of GARP results 
declines when the number
of known occurrence points decreases 
below 20 locations. In those 
instances, an alternative means of 
predicting potential species distributions called 
the extrapolation method was used.   This 
method is the product of overlaying GIS layers
(OH-GAP Physical Habitat Types) and known 
biological distribution points. The unique Physical
Habitat Type where a species was collected 
indicated the preferred habitat for that species.  
Therefore, all stream-segments with the exact same 
Physical Habitat Type were predicted to be potential 
habitat for that species.

Fish Bivalve Crayfish 

American brook lamprey Devil crayfish Purple catspaw

Popeye shiner

EXTRAPOLATION: A simple method that extrapolates 
potential species distributions from verified presences (black
dots) out to areas with the exact same Physical Habitat Types 
(red lines). In this example, all red segments have the Physical 
Habitat Type of 431011313.

!

!

!!
!

!

!

2a Genetic Algorithm for Rule-Set Production (GARP)
Known biological records were used with the 
Physical Habitat Type classifications of Ohio 
perennial streams to produce potential distributions 
for fish, crayfish, and freshwater bivalves using 
DesktopGarp (http://beta.lifemapper.org/desktopgarp/).
GARP is a Geographic Information System (GIS)-based  
modeling software package that was designed to create 
ecological niche distributions for biological species.  The 
spatial data were entered into DesktopGarp as 200- 
meter grid cells. GARP iteratively identifies non-random 
correlations between species presence/absence and 
environmental parameter values.  See DesktopGarp 
input, below.

ElktoeRock crawfishBluebreast darter
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Lake Erie

Ohio River

2

3

Identify Gaps In Conservation Efforts3

2 This 14-HU was identified by OH-GAP
as a high priority conservation area 
because not only do all three taxa attain 
the 75th percentile, but fish and 
bivalves also attain the 95th percentile. 
In addition this 14-HU contains endangered 
fish and bivalves.

3 This 14-HU was identified by OH-GAP 
as a high priority conservation area as 
bivalves are identified at the 90th
percentile and fish at the 95th 
percentile. This 14-HU also contains
endangered fish and bivalves but 
does not, however, contain any
conservation lands.

OH-GAP identified these 14-Digit Hydrologic Units 
(14-HUs) as high priority conservation areas 
because of the attainment of all three taxa at 
the 75th percentile. Most of these 14-HUs are
being protected by the Cuyahoga Valley National 
Park.

40 o

41 o

84 o

82 o

81 o

EXPLANATION
Lake Erie drainage
Small stream class

! ! ! !

! ! ! ! fish (95%)

! ! ! ! !

! ! ! ! !

! ! ! ! ! fish (95%) bivalves (95%)
Small and medium stream class

fish (95%)

! ! ! ! ! ! ! !
! ! ! ! ! ! ! !
! ! ! ! ! ! ! !
! ! ! ! ! ! ! ! crayfish (95%)
Medium stream class

fish (95%)
crayfish (95%)
fish (90%) bivalves (95%)

Large stream class
fish (95%)
crayfish/bivalves (75%) fish (95%)
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Conservation lands
Gap status 1,2,3

Potential fish, crayfish, and bivalve distributions 
were summarized by stream size (small, medium, and large) 
for each 14-digit Hydrologic Unit (14-HU) to produce 
species richness values.  Species richness criteria 
were developed at three levels for each taxa. These 
were done separately for the Lake Erie and Ohio River 
drainage basins because of the latitudinal gradient in 
biodiversity.  The three levels of criteria were based 
on percentages of the maximum number of species 
within each major drainage basin per taxa.  For example, 
the highest number of species predicted in a 14-HU 
within the Ohio River drainage basin was 96.  The top 
25th percentile of 96 ranges from 72-96 species.  
Those 14-HU where each taxa met this criteria 
were identified.  The second criterion was the top 
90th percentile.  The third criterion was the top 
95th percentile regardless of taxa overlap.  
Ohio species listed as rare, threatened, or 
endangered  were identified, in addition to, cold water 
14-HUs that contained these species.

Gap Status Codes:
Status 1: If management strives for natural processes
including allowing or mimicking natural ecological 
disturbance events.
Status 2: If management emphasizes natural processes
including allowing or mimicking natural ecological 
disturbance events, but also allows low anthropogenic
disturbance, renewable resource use, or high levels of
human visitation on more than 5 percent of the land unit.
Status 3: Management to benefit biological diversity is 
provided by a written plan in place or in process under
an institutional policy requiring such management.
Status 4: Not subject to an adopted management plan
or regulation that promotes biological diversity, or 
management intent is unknown.

Land Stewarship 
The patchwork of conservation lands in Ohio are owned and 
managed by a diverse group of federal, state, regional, and local 
agencies, and private organizations. Some counties and regions 
may be underrepresented in their mapped conservation lands
because of the lack of available or useable GIS data. 
Nonetheless conservation lands in 87 of 88 counties in the 
State are represented.  A dichotomous key provided in the GAP
handbook was used by Ohio GAP or provided to land managers 
for categorization of biodiversity management status of land units.

EXPLANATION
GAP_STATUS

1
2
3
4

Ohio Aquatic GAP:  Assessing Fish, Crayfish, and Bivalves in Relation to Conservation Lands
S. Alex. Covert, Stephanie Kula, and Laura Simonson, U.S. Geological Survey, Water Resources Discipline

For more information, contact
S. Alex. Covert:
6480 Doubletree Ave.
Columbus, OH 43229
Phone: (614) 430-7752
Fax: (614) 430-7777

Ohio Aquatic Gap Overview
Aquatic gap analysis provides an overview of the distribution and conservation status of several components of biodiversity. It uses a coarse-scale stream classification (Physical Habitat Types) and predicted distribution of aquatic vertebrates and invertebrate taxa. Digital map overlays in a GIS 
are used to identify individual species, species-rich areas, and vegetation types that are unrepresented or underrepresented in existing conservation areas. Gap analysis functions as a preliminary step to the more detailed studies needed to establish actual boundaries for planning and management 
of biological resources on the ground. These data and results are then made available to the public. Thus, institutions as well as individual landowners and managers have a more complete knowledge of the management status of these elements of biodiversity. 
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