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A rare species management provision of the United States 
federal Northwest Forest Plan, termed “Survey and 
Manage,” is applied to 24 million acres of Forest Service 
and Bureau of Land Management lands in western 
Washington, Oregon, and California.  Through Survey and 
Manage guidelines, the likelihood of persistence is 
increased for rare and uncommon species …

A rare species management provision of the United States 
federal Northwest Forest Plan, termed “Survey and 
Manage,” is applied to 24 million acres of Forest Service 
and Bureau of Land Management lands in western 
Washington, Oregon, and California.  Through Survey and 
Manage guidelines, the likelihood of persistence is 
increased for rare and uncommon species …



Text overlaid on a photo can be 
pretty hard to read, especially if the 
photo contains busy patterns.

Changing the color may help 
somewhat, or may not.



Even with the photo filtered or 
lightened, strong linear components 
may still make text hard to decipher.
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Methods

Marking Methods

Barriers to the movement of aquatic organisms can increase the 
genetic and spatial isolation of populations. In addition, disruption to 
stream habitat continuity for organisms can alter dispersal and 
access to food resources, reproductive sites and refugia. 

Stream crossing culverts occur throughout the managed forest 
landscape and are a potential barrier to the movement of stream 
obligate organisms. Current research indicates that culverts block 
passage of some fishes (Warren and Pardew, 1998; Toepfer et al., 
1999). While studies have focused on anadromous fish passage, the 
effect of stream crossing culverts on the movement of other aquatic 
organisms is not known. 

Introduction Results
Study sites included fourteen 3rd and 4th order streams in the 
Coquille basin on lands administered by the Coos Bay Bureau 
of Land Management (Figure 1). The 14 sites were comprised 
of streams with pipe design culverts (Figure 2), streams with 
arch design culverts (Figure 3) and reference streams without 
culverts (~five sites in each category).  Average culvert length
was 22 m.  Selection criteria for study streams was based on 
size (average active channel width < 3m), slope, substrate type,
and presence of larval D. tenebrosus. 

Stream segments were approximately 80 m in length (Figure 4). Study streams and culverts 
were surveyed five times, once each month, from June-August 2002 and June, July 2003 
(Figure 5). Salamanders were captured using hand nets. 

Objectives
1.  Determine the movement distances and directionality of larval 
D. tenebrosus

2. Determine the incidence and frequency of movement of larval 
D. tenebrosus through culverts

3. Identify what physical characteristics of a culvert may facilitate 
passage of D. tenebrosus. 

The Effect of Stream Crossing Culverts on the Movement of 
Coastal Giant Salamanders (Dicamptodon tenebrosus)

Jina P. Sagar, Dept of Fisheries and Wildlife, Oregon State University; Deanna Olson, USDA Pacific Northwest Research 
Station; Richard Schmitz, Oregon State University; John Guetterman, Bureau of Land Management, Coos Bay, OR
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Salamanders were placed in a dilute solution of 
Tricaine methanesulfonate (MS 222) until 
anesthetized.  

Anesthetized salamanders were marked with small 
subcutaneous injections of a colored biocompatible elastomer
(Visible Implant Fluorescent Elastomer by Northwest 
Technologies). Salamanders were individually coded with 
three injections from a combination of four possible colors 
(red, orange, green, blue) at six possible ventral locations. 

Contact Information: 
jina.sagar@oregonstate.edu

Larval Coastal giant salamanders 
are aquatic and may spend several 
years in the stream before 
metamorphosing into terrestrial 
adults. Some individuals may 
remain in the stream as 
paedomorphic adults. D. 
tenebrosus are found in a variety 
of aquatic habitats (Hunter, 1998) 
and often represent the most 
abundant vertebrates in headwater 
streams (Hawkins et al. 1983). 
The abundance of D. tenebrosus
in streams, its wide-ranging use of 
habitats and complex life history 
make them an appropriate 
indicator of amphibian culvert 
passage issues.  

Marking occurred on the first two visits to each 
stream. Salamanders were recaptured but not marked 
on subsequent visits. 

Over-winter-Movement was slightly greater than summer 
movement. Less than 19% of movements over-winter were < 2 m.  
The average movement distance was 13 m and a maximum of 90 
m. 

Treatment differences-There was no difference in movement 
distances when all movements were compared across the three 
stream types (reference, arch, pipe, p=0.28).  There were, however, 
differences in long distance movements (movements > the culvert 
length) between the stream types. Salamanders on reference 
streams were 5 times as likely to move longer distances (>30 m) 
than salamanders on pipe streams and three times more likely than 
on arch streams

Recapture
A total of 2,215 individuals were marked during 
the study and 1,200 were recaptured on at least one 
occasion (54%). Recapture rates varied by stream 
and month. 

Figure 5   Survey inside culvert.
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Hawkins, C.P., M.L. Murphy, N.H. Anderson, and M.A. Wilzbach. 1983.  Density of fish and 
salamanders in relation to riparian canopy and physical habitat and streams of the Northwestern United 
States. Candadian Journal of Fisheries and Aquatic Sciences 40: 1173-1183

Hunter, M. 1998. Watershed-level patterns among stream amphibians in the Blue River watershed, West-
Central Cascades of Oregon.  Thesis, Oregon State University, Corvallis, Oregon. 

Toepfer, C.S., W.L. Fisher, and J.A. Haubelt. 1999.  Swimming performance of the threatened leopard 
darter in relation to road culverts. Transactions of the American Fisheries Society 128: 

Warren, M.L. Jr., and M.G. Pardew. 1998 Road crossings as barriers to small-stream fish movement. 
Transactions of the American Fisheries Society 127:637-644

Source:www.npwrc.usgs.gov/narcam/idguide/d
iteneb.htm
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Culvert Use and Passage
Complete downstream passage-Fourteen larval 
salamanders passed through 7 culverts (arch and pipe) 
Complete upstream passage- Two larval  salamanders 
passed through two arch culverts.
Limited upstream movement occurred in all 5 arch 
culverts but not in pipe culverts. 
Fewer salamanders/area were captured in pipe culverts 
than in arch culverts and in adjacent stream reaches 
(p=0.001).

The majority of movements were small, although a portion moved longer distances.  
 D. tenebrosus moved more upstream in summer, downstream in winter
 No upstream movement through pipe culverts, summer and winter
 Fewer long distance movements on culvert streams than reference streams
 D. tenebrosus habitat use of arch culverts greater than pipe culverts and similar to natural stream reaches

Management Implications
Many culverts were installed in the 1980s and are now nearing the end of their lifespan. As these 
culverts become obsolete, managers may need to consider a wide range of aquatic organisms for culvert 
replacement.

 Substrate appears to play a large role in larval salamander culvert use and may facilitate upstream 
movement through culverts. 

 Given the limited passage success of Coastal Giant Salamanders, studies designed to investigate the 
effect of culverts on other stream species are needed. 

Salamanders dispersing longer distances on streams with one or more pipe culverts may be limited in  
their  upstream movement. Culverts appear to serve as stream habitat for D. tenebrosus, when filled with 
a diversity of substrates. 

The number of  salamanders/area found in arch 
culverts was similar to the natural adjacent 
stream sections.

Figure 1

Movement Distances
Summer-The majority of movement distances in 
the summer (68%) were less than 2 m. The 
average movement distance was 3.1m and a 
maximum of 51 m.
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the summer (68%) were less than 2 m. The 
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Can color blind people see colors? 
Do they see everything black and white? 

non color blind

protanope
(red cone cells defective)

deuteranope
(green cone cells defective)

tritanope
(blue cone cells defective)

Color blind simulator: VisCheck (http://vischeck.com)
From: Masataka Okabe and Kei Ito



Example of colors that are easier to identify

1. Red: Avoid pure red (RGB=100,0,0%). Use vermilion
(RGB=80,40,0%) or change to orange (RGB=90,60,0%).

2. Green: Avoid pure green (RGB=0,50,0%), which is confusing 
with red or brown. Use bluish green (RGB=0,60,50%) 

3. Light green ■(RGB=0,100,0%) and yellow ■(RGB=100,100,0%) 
will appear the same to the color blind. 
Avoid using colors between yellow and green.



P.J. Edwards et al., in press
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Culvert Use and Passage
Complete downstream passage-Fourteen larval 
salamanders passed through 7 culverts (arch and pipe) 
Complete upstream passage- Two larval  salamanders 
passed through two arch culverts.
Limited upstream movement occurred in all 5 arch 
culverts but not in pipe culverts. 
Fewer salamanders/area were captured in pipe culverts 
than in arch culverts and in adjacent stream reaches 
(p=0.001).

The majority of movements were small, although a portion moved longer distances.  
 D. tenebrosus moved more upstream in summer, downstream in winter
 No upstream movement through pipe culverts, summer and winter
 Fewer long distance movements on culvert streams than reference streams
 D. tenebrosus habitat use of arch culverts greater than pipe culverts and similar to natural stream reaches

Management Implications
Many culverts were installed in the 1980s and are now nearing the end of their lifespan. As these 
culverts become obsolete, managers may need to consider a wide range of aquatic organisms for culvert 
replacement.

 Substrate appears to play a large role in larval salamander culvert use and may facilitate upstream 
movement through culverts. 

 Given the limited passage success of Coastal Giant Salamanders, studies designed to investigate the 
effect of culverts on other stream species are needed. 

Salamanders dispersing longer distances on streams with one or more pipe culverts may be limited in  
their  upstream movement. Culverts appear to serve as stream habitat for D. tenebrosus, when filled with 
a diversity of substrates. 

The number of  salamanders/area found in arch 
culverts was similar to the natural adjacent 
stream sections.

Figure 1

Movement Distances
Summer-The majority of movement distances in 
the summer (68%) were less than 2 m. The 
average movement distance was 3.1m and a 
maximum of 51 m.
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Contact:
Survey and Manage Amphibian Conservation Planning Team:
J. Guetterman1, E. Reilly2, D. Clayton3, R. Nauman4, D. Olson4, B. Devlin5 and 
H. Welsh Jr.6
1Coos Bay BLM, North Bend, OR; 2USFS, Rogue River National Forest, Jacksonville, OR; 3USFWS, Regional Office, 
Portland, OR; 4USFS, Forestry Sciences Laboratory, Corvallis, OR; 5USFS, Six Rivers National Forest, Gasquet, CA; 
6USFS, Redwood Sciences Laboratory, Arcata, CA

For more information contact Team Leader –Steve Morey, US Fish and Wildlife 
Service Regional Office, 911 NE 11th Ave., Portland, OR 97232-4181, phone: (503) 
231-6131
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How common is color blindness? 
One in twelve males (8%) and one in 200 females 
(0.5%) are red-green color blind.

(Asian: 5%, French and Scandinavian : >10%)

People with defects in blue cone cells (type 3: tritanopes) are 
relatively rare (one in tens of thousands.)

Red-green color blindness is commoner than AB 
blood group. There should be around 10 color 
blind people in the room with 250 people !

Type 1 (protanopes) and Type 
2 (deuteranopes): 
functional defects in red and 
green cone cells, respectively.



How about characters and drawings?

1. Cannot distinguish certain colors.
Symbols and lines in:

blue and violet;
red, orange, yellow, yellow green and green

Four problems that color blind people suffer:

2. Fail to see some objects.
Dark red or magenta symbols and thin lines
over black or dark blue background.

3. Difficult to see emphasized parts.
Dark red characters in black text.
(For protanopes, dark red appears similar to black…)

4. Very difficult to tell the name of colors.
“Recognition of color difference” and “identification 
of color names” are totally different task.

Non color blinds
Color blinds



Useful URLs
1: Color Blind Simulator

Vischeck
http://vischeck.com/

2: Green Laser Pointer
DeHarpporte Trading Company
http://store.yahoo.com/deharpport/

3: Download the PDF and PowerPoint files of this 
presentation
http://jfly.nibb.ac.jp/html/color_blind

4:Java Applets on Colour Vision Deficiencies
http://www.tsi.enst.fr/~brettel/

5: Color Brewer
http://www.personal.psu.edu/faculty/c/a/cab38/Color

BrewerBeta2.html



…That’s a Moiré!



…and Moiré and Moiré…



MSH map: cartographic 
conventions




