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Abstract 

Habitat is essential for species survival. The parameters required to create 
suitable habitat need to be addressed to fully understand factors that limit the 
success or decline of a population. The Marbled Murrelet (Brachyramphus 
marmoratus) is a threatened seabird, foraging in the ocean and nesting inland in 
large old-growth trees. Management of this species should focus on the 
protection of large, contiguous old growth areas, in low elevation areas near 
productive marine habitat. Using Geographic Information Systems (GIS) these 
requirements were combined creating a suitability map, showing areas ranging 
from high to low suitability habitat within the Carmanah Valley / Walbran area. 
The effects of forest fragmentation were addressed through the analysis of the 
suitability raster in Fragstats to determine total patch area, patch size and 
proximity. Shape of an area has little effect on nesting areas of murrelet and 
therefore was not included in the study (Meyer, et al, 1995). The results showed 
that there were only seven areas greater then 800 ha in size. Most of the patches 
of optimum habitat were within a suitable distance of each other increasing the 
amount of habitat available for murrelet use.  The suitable areas were compared 
to both Landsat 7 imagery of the study area and radar stations set up for 
monitoring Marbled Murrelet counts.  This found that the forest cover data used 
for this study was outdated and needed to be updated in order to give concise 
results.  
 

Introduction 

The Marbled Murrelet is currently listed as threatened in Canada and Red-Listed 

in British Columbia. The population of Marbled Murrelets has been found to be 

decreasing at the rate of four to six percent annually (Beissinger, 1995). They live 

and feed in the near shore waters of the Pacific Coast of western North America 

from Alaska to California (Stauffer, et al. 2004). Up to 1/3 of Marbled Murrelet 

nesting habitat has been lost through the logging of old-growth forest. This factor 
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presents the greatest threat, but increased predation at nests sites due to edge-

effect created by clear-cutting is also adding to the problem (Burger, et al. 2000). 

It is still strongly debated as to whether fragmentation of habitat is having a 

negative effect. The full effects of forest fragmentation are not well understood. 

Decisions are still being made over whether or not small forest fragments play a 

role in the species’ survival (Meyer, et al. 2002). There is not enough evidence to 

show that small patches of old-growth should be protected over large blocks of 

old-growth with contiguous amount of interior-forest. For example, Raphael et al. 

(1995) found murrelets nesting in areas of large, complex-shaped old-growth 

patches. In Miller and Ralph (1995) it was concluded that old-growth patch size 

did not have an affect on occupancy. Meyer and Miller (2002) found that old-

growth fragmentation had negative effects on the Marbled Murrelet.  At sea, oil 

pollution, gill nets and aquaculture pose problem for murrelets (Ralph et al. 1995). 

It is critical that the proposed areas for protection meet the requirements for 

nesting habitat (Burger, et al. 2000). 

The Marbled Murrelet (Brachyramphus marmoratus) is a threatened seabird, 

foraging in the ocean and living inland in large old-growth trees. During breeding 

season the Marbled Murrelet can be found at dusk flying back and forth between 

the ocean and nest, sometimes traveling up to 70 km one way. This bird’s 

optimal habitat is found in stands of Sitka Spruce or Western Hemlock greater 

than 40 m in height, with variable canopy, and ranging from 140 to 250 years in 

age (Burger and Chatwin, 2002). This age allows for trees to develop large 

diameter branches required for creating suitable nest platforms. Suitable, but not 

optimal, habitat for the Marbled Murrelet can be defined by areas of Western Red 

Cedar ranging in tree height of 28-40 m between the ages of 121-140 years. 

Marbled Murrelets have been found to ‘fly’ with their stubby wings at high speeds 

along streams and valley bottoms in order to expend less energy. Therefore 

habitat areas that are more likely to maintain populations are found at lower 

slopes and elevations.  
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 Areas that are being protected for the Marbled Murrelets can be valuable 

to other endangered bird species such as the Spotted Owl (Meyer, et al, 1995). 

The Marbled Murrelet distributes itself along the coast of North America in areas 

of suitable habitat. With the aid of GIS, the variables that make up Marbled 

Murrelets habitat were assessed predicting where suitable habitat could be found 

and eventually protected. The objective was to discover which variables had 

more influence on what made good habitat and where this habitat was located. 

This paper looks at different factors that constitute suitable habitat for Marbled 

Murrelets in two major watersheds of Vancouver Island.  

  

Study Area (Figure 1) 

 
 

The study area was the Carmanah Walbran area, which is located on the 

southwest coast of Vancouver Island (figure 1).  A portion of this study area, 

3,600 ha, was designated as park in 1995 protecting the Carmanah and Walbran 

creeks watersheds both vital to Marbled Murrelet habitat. This park encompasses 

one of the largest stands of spruce, which draws in members of the public to this 

area and provides optimum habitat for Marbled Murrelets. 
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Methods 

 
Figure 2: Flow Chart  
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Preparation and analysis of data were done in several steps. The data required 

for this project included a forest cover layer, digital elevations model (DEM), 

rivers, study area boundaries, radar stations. The shapefiles were assembled by 

and acquired from Dr. Rosaline Canessa. The Vegetation Resource Inventory 

(forest cover data) was complied in 2001 by the government of British Columbia. 

This data was already in the format required for use in ArcGIS.  From these 

layers specific habitat parameters were selected including: the age of trees, 

stand height, tree species, derived from the forest cover layer. Distance from sea 

along streams was derived from a DEM along with elevation and slope. For each 

parameter a raster layer was created. These raster layers were then reclassified 

into the four levels of suitability, high, medium, low and unsuitable.  The rasters 

were then combined using a weighted overlay.  The weight for each parameter 

was determined by analytical hierarchy process (AHP) (Saaty, 1990). AHP is the 

process of assigning calibration criteria. Suitability rasters were analyzed in 

Fragstats to determine patch size, proximity and core area metrics for all 

classification levels. The accuracy of the final outcome was tested by visual 

comparison between the weighted overlay, radar stations, data collected in 2005 

and a Landsat 7 image of the area from 2002.  

 

Raster Layer Creation 

 

A raster layer was created for all six input parameters. These layers included 

elevation, distance from the sea along streams, slope, tree age, stand height and 

species.  The original forest cover vector layer was created so that in the attribute 

table each polygon had six categories of species.  Species suitability was 

categorized from zero to three, areas were classified depending on what species 

where present (Table 1). In the attributes table a new field was created. To 

populate this field, values were assigned depending on what species was 

present.  If it contained Sitka Spruce or Western Hemlock it was classified as 

suitability three. A polygon that contained a tree species that did not pertain to 

this study was assigned a value of zero. Of the original six species columns in 
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the original attribute table only the first three were fully populated and used for 

classifications.    

For the creation of the distance-to-sea raster layer, the first two kilometers 

inland were classified as unsuitable area. This is because severe winter storms 

and year-round salt spray from the Pacific Ocean degrade possible nesting sites 

(Burger, et al, 2000).   The watershed vector layer was used to select rivers, 

within the study areas, that emptied into the ocean. The selected watersheds 

were converted into a mask layer to ensure only pertinent rivers were included in 

the analysis.  A fill layer was created from the DEM so that there would be no 

sinks. Next a flow direction layer was created to show which way that water 

flowed depending on the elevation. From this flow direction layer a flow length 

raster layer was created showing the downstream distance from the ocean.  

A slope raster was derived from the DEM. Species age and height were 

obtained from the forest cover layer.  When the final weighted overlay was run, 

one error that occurred was where a layer that had an area of no data, that area 

of no data was simply removed. So data that had been removed from a layer had 

to be re-added so that the final outcome showed the full study area minus the 

ocean. This was done by reclassifying areas with no data to areas of zero 

suitability.  

 

Weighted Overlay 

 

Suitability ratings were established according to literature synopsis and a review 

of mappable attributes for Habitat Suitability Indices (HIS). A HIS is a grouping of 

current research, which looks at different parameters that can be used to test for 

habitat suitability.  Weights and suitability ratings were based on levels of 

importance of particular factors that influence Marbled Murrelet habitat.  Each 

factor was rated and classified according to the following (Table 1).  

 

• Unsuitable (0): Areas which had been logged that are far from the ocean  

• Marginally Suitable (1): Area which had medium size Amablis fir trees.  
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• Suitable (2): Areas which had Western Red Cedar with relatively old trees 

which are starting to develop tree structure closer to the ocean. 

• Highly Suitable (3): Areas which had Sitka Spruce or Western Hemlock 

which are very old with highly developed branch structure close to the 

ocean.  

 

Table 1: 

Factors used for suitability ratings for Marbled Murrelet Habitat  

Factors Suitability Ratings       

  Highly Suitable Suitable 
Marginally 
Suitable Not Suitable 

  3 2 1 0 
Age (yrs) 250-140 140-126 126-100 <100 

Species 
Sitka Spruce / Western 

Hemlock 
Western Red 

Cedar Amablis Fir  Other 
Tree Height >40 40-28 28-20 <20 

Distance to Sea (km)  2-20 20-30 30-50 0-2 
Elevation (m) 250-20 >250 20-0 0 

Slope <35 <60     
 

The weights for each factor were determined by a process known as the 

analytical hierarchy process (Saaty, 1990). The weighting for each a factor was 

determined from literature synopsis and the expert opinion of Rick Page (Table 

2). Suitability scores were calculated using the following equation: 

Suitability score = (w1r1 + w2r2 + ...+ wnrn)/n *100 

Where w and r are weights and rating scores for each factor.  

 

Table 2: 

Weights used for assessing the relative importance of all factors for each rating.  

Factor  Age Species Tree Height Distance Elevation Slope Weights 
Age 1  1/2 2     3 6 7            0.27 

Species 2 1  1/4 3 4 6 0.22 
Tree Height  1/2 4 1 3 5 7 0.28 

Distance  1/3  1/3  1/3 1 4 5 0.15 
Elevation  1/6  1/4  1/5  1/4 1 2 0.05 

Slope  1/7  1/6  1/7  1/5  1/2 1 0.03 
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 To assess the usefulness of the parameters used in this study, Landsat 7 

imagery of the study area and point data for radar stations were compared to the 

results of the overlay.  

 

Patch analysis 

 

 Once the weighted overlay was created and the final outcome was 

produced, Fragstats was used to calculate the landscape metrics of the final 

suitability classes. Patches are dynamic and occur on a variety of spatial and 

temporal scales, varying as a function of each animal’s perception (Wiens and 

Milne, 1989). Patch metrics are computed for every patch in the landscape, 

assigning each patch a landscape ID, Patch ID and Patch Type.  

Area/Density/Edge matrices represent a collection of metrics that deal with the 

number and size of each patch and the amount of edge created by these patches. 

Core area metrics are defined as an area within a patch beyond some specified 

distance of influence. Proximity is the spatial and temporal context of habitat 

patches. The distance between patches can determine whether or not they might 

be suitable. Five thousand hectares was the parameter for the greatest area in 

which clusters of most suitable habitat can be apart (Meyer, et al, 1995). 

Histograms were created for each of the outputs. These histograms were 

generated using SPSS 12.0 Variables.   

 



 9 

Results 

 

Habitat Characteristics 

 

Table 3: 

Results from reclassification of raster layers 

Figure Raster Layer Unsuitable 
Low 

Suitability 
Medium 

Suitability  
High 

Suitability  
3 DEM (ha) 2195 14526 156 38722 
4 Distance (ha) 34190 0 5240 23490 
5 Slope (ha) 7839  0 3104 51977 
6 Age (ha) 25071 23 1104 29454 
7 Species (ha) 30064 2 20049 120 
8 Height (ha) 31549 960 7093 23341 
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Figure 3: Suitability Comparisons of Raster Reclassifications  
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Figure 4: Elevation Raster (DEM)     Figure 5: Distance from Sea along Streams 

 

         
Figure 6: Slope Raster                            Figure 7: Tree Age and distribution  

 

       
Figure 8: Stand Height Raster                        Figure 9: Species Raster   
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Figure 10: Weighted Overlay 

 

Not Statistics  

 

The result of the weighted overlay was a new raster layer with a score for each 

cell between zero and three (zero being poor and three being optimal). The 

weighted overlay gave a result of an area which was made up of four categories 

(Figure 10).  According to the parameters and weights determined at the 

beginning of this project, of the total 55574 ha that made up this study area, 

19329 ha fit into suitability one, 21982 ha where in the suitability 2 and 14263 ha 

fell into the suitability three (Figure 11). This means that the most suitable habitat 

makes up one fourth of the total area in the Carmanah /Walbran area.  

 

The Patch metrics computed in Fragstats was used to determine the amount of 

patches divided into their relevant suitability categories. Using Fragstats area 

was calculated and histograms were created in SPSS (Figure 12). These 
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histograms show that most of the result was in 352 areas for suitability one, 175 

areas for suitability two, and 80 areas for suitability three (Figure 13). Of these 

areas most were less then 800ha, with only seven patches greater then 800ha. 

There were three patches which were large enough for suitable Marbled 

Murrelets habitat in both category one and two, and one area of suitable size for 

category three.  Of the 80 patches that were found to fit into high suitability, 52 

were within 5000ha of each other. (Figure 14) 
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Figure 11: Raster Distribution for Weighted Overlay 
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                           (C) 

Figure 12: Patch Distribution: Low Suitability (A), Medium Suitability (B) and 
High Suitability(C)  
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Figure 13: Number of patches found for each level of suitability  
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Figure 14: Histogram showing distribution of patch isolation 

 

Comparisons 

 

The final result from the spatial overlay was compared to both Landsat 7 imagery 

and radar stations.  When comparing the overlay to the image some of the areas 

of Suitability 3 had clear-cuts within them. This shows that the forest cover layer 

is outdated. The radar data was fairly supportive of the results of the weighted 

overlay with low numbers of birds being picked up by radar station (Figure 15) in 

areas of low suitability and a large amount of birds being pick up by the radar in 

areas of high suitability.   
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Figure 15: Comparison of radar stations to weighted overlay 

 

Discussion 

 

The best habitat for Marbled Murrelets is in forests where Sitka Spruce 

and Western Hemlock are located, reaching a stand height above 40 m with an 

age class between 140-250 years, and at a distance of 2-20 km from the coast. 

Though these areas are present in the study area there are other factors which 

have an effect on whether or not a Marbled Murrelet will nest in these specified 

areas, such as patch size. Patch size is still a highly debated subject when it 

comes to whether it has an effect on Marbled Murrelets. Some suggest that 

patch size has no effect (Miller and Ralph, 1995). This is due to there being a 

time lag, of a few years, between when an area is logged and when the murrelets 
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leaves the fragmented location to find a new nesting site. Therefore recently 

fragmented areas can still contain nesting murrelets because it takes a few years 

for the bird to abandon them. This may be why Miller and Ralph (1995) did not 

find patch size to have an effect (Meyer et al, 2002). Murrelets usually occupy 

areas that are less fragmented and larger in size with more core area or clumps 

of old-growth patches (Meyer et al, 2002). The usual range for suitable areas is 

greater then 800 ha.  In our study only seven of the total 607 patches fit this 

description. Isolation also plays a large role in where murrelets nest. Areas in 

which Marbled Murrelets occur are usually within 5000 ha of one another. Fifty-

two of the total suitable sites within the study area were within 5000 ha of each 

other.  This is due to the amount of historic logging that occurred in this area 

before the park was developed.  

Logging has caused an increase in the amount of old growth patches and 

reduced their size within the surrounding second growth forest. Fragmentation 

and isolation of old-growth both have adverse effects. Fragmentation results in a 

three-fold increase in predation increasing (Burger et al, 2000). Predators of the 

murrelets include animals such as the Northwestern Crow and the Bald Eagle 

(Haliaeetus leucocephalus�������Northwestern�Crow is very opportunistic and 

takes murrelet eggs and chicks from the nests, while a Bald Eagle is an effective 

predator of the adults. Both are shoreline predators and very rarely venture 

inland (Burger, et al 2000). Other predators include the Steller’s jay (Cyanocitta 

stelleri), Common Raven (Corvus corax) and red squirrel (Tamiasciurus 

hudsonicus) (Burger, et al, 2000). These predators eventually cause the 

murrelets to abandon small old-growth patches (Burger, et al, 2000).  

The height of the tree and its age are highly correlated. Older trees usually 

have more branch structure which is better for supporting nest platforms. 

Sometimes old-growth trees are small in height but due to their age, the 

branches are large enough to create suitable nest platforms especially if they 

have been thickened by epiphytes and moss. Whereas second growth trees may 

have grown tall enough, their branch structure is not yet developed enough to 

support nesting.  
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Marbled Murrelets fly along stream valleys to conserve energy while flying 

back and forth from the ocean to their nesting sit. Therefore the distance from the 

coast was calculated to follow rivers instead of as the crow flies. The first two 

kilometers inland from the coast are designated unsuitable because there are 

thinner epiphyte mats on tree boughs necessary for nest platforms and less 

structural diversity within the canopy, essential for providing shelter for the nest 

while maintaining accessibility (Burger, et al, 2000).  This decreased 

development in forest structure is due to severe winter storms and year round 

salt spray from the Pacific Ocean, which inhibits epiphyte growth, blowing off 

thick moss mats, and knocking off dead boughs which may be suitable for 

platforms creating a uniform canopy (Burger, et al, 2000).    

When looking at the results from the landscape metrics calculated in this 

study, there are seven areas which are over 800ha in size. Although there is a 

park in this area it was only created in 1995 to protect the remaining old-growth 

trees in this area. Previous extensive logging caused an increase in the number 

of patches and an increase in the isolation of these patches. Fifty-two of the total 

80 areas of most suitable habitat were found within less then 5000 ha of each 

other. Therefore this increases the amount of habitat available to the Marbled 

Murrelets because they will live in patchy areas of old-growth forests as long as 

they do not become more isolated.  

 When comparing the final weighted overlay with Landsat 7 image of the 

study area a few data issues arose. Some areas that had been deemed highly 

suitable for Marbled Murrelet habitat, showed up as having clear-cuts in or 

around them. This shows that when using data the most current data possible is 

the best. The forest cover layer available for this study was created in 2001, 

while the Landsat image was collected in 2002.  This layer needs to be updated 

to the most recently developed forest cover layer the government has available, 

otherwise it is invalid for this situation. Therefore my final results can only show 

historical areas of suitable Marbled Murrelet habitat.  

 The final weighted overlay raster layer and radar stations points layer 

were compared visually. Most of the bird counts from the radar stations 
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correlated with the suitability of where the radar stations were placed. When 

looking at radar station number two, 196 Marbled Murrelets were recorded flying 

by its vicinity (See Figure 14). This area was classified as not suitable due to the 

distance from ocean weight because the river simply flowed out of the study area 

and not into the ocean. It is not too far for the Marbled Murrelets to fly to nest. 

Since the elevation in this area is not high enough to restrict the movements of 

birds they can simply fly over the lower watershed divides into this area. Marbled 

Murrelets living on the east coast of Vancouver Island may fly within these areas. 

Radar station number zero (See Figure 14) has a count of 87 birds. This is 

because no rivers empty into the ocean at this point. Therefore a reduced 

number of birds would be flying over this area and only if they are on route up or 

down the coast to find a stream valley to fly up to its nest. Radar station number 

three (See Figure 14) has the highest count of birds this is due to the fact that 

this station is located in the most suitable habitat for the Marbled Murrelet. Radar 

station number 1 (See Figure 14) was found in a marginally suitable area for 

Marbled Murrelet. Therefore there are no birds nesting in this area and they are 

not flying up the stream that is near to the radar station. Radar station number 

four (See Figure 14) is somewhat more challenging to understand. The reason 

that this radar station did not pick up any Marbled Murrelets is due to the fact that 

these birds would have to fly through an area of suitable habitat then an area of 

unsuitable habitat to reach this area. So instead of continuing on through the 

unsuitable habitat they simply nest in the first area of most suitable habitat.  

 

Conclusion 

 

The Marbled Murrelet is an endangered species.  Research into their 

optimum habitat must be done to ensure the best habitat for Marbled Murrelets is 

protection. Research must also go into answering the still unanswered questions 

such as; how big of a patch size do the Marbled Murrelets require and how much 

interior forest is needed to reduce the amount of predation occurring? Projects 

such as these can help the governments in establishing parks and protected 
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areas to attempt to ensure the survival of this species. Though this project in 

flawed by the fact that the forest cover layer used was outdated, it can show 

historical areas of optimal Marbled Murrelet habitat. The past ecological 

conditions must to look into to fully understand what has caused the murrelet to 

become endangered and how these effects can be reversed.  
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