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Abstract: 

Harbor porpoise (Phocoena phocoena) and Dall’s porpoise (Phocoenoides dalli) both 

occupy the inside waters of Washington state, yet there is relatively little knowledge 

of long-term trends in density or abundance for either species.  There has also been 

little effort to determine areas of “critical habitat” for either species.  The aims of this 

study were to obtain reliable density and abundance estimates and identify any trends 

from 1995 – 2008 as well as identify areas of consistent high densities for both 

species by applying conventional distance sampling techniques to data collected from 

two types of systematic survey designed to detect marbled murrelets (Brachyramphus 

marmoratus).  There were 14 consecutive years of “core” survey effort in the San 

Juan Islands and 9 consecutive years of “PSU” survey effort throughout the inside 

waters of Washington.  Results from the PSU survey show an overall density of 0.196 

harbor porpoise/km2, with an estimated abundance of 686 (CV 11.27; 95% CI = 550 – 

855) harbor porpoise in the PSU survey area.  There was no significant trend in yearly 

harbor porpoise abundance from 2000 – 2008.  Results from the core survey show an 

overall density of 0.159 (%CV 19.97; 95% CI = 0.106 – 0.238) harbor porpoises/km2 

and an abundance estimate of 81 (95% CI = 54 – 121) porpoises in the core survey 

area.  In the San Juan Islands, there was a significant increase in harbor porpoise 

abundance from 1997 – 2008 but no change in harbor porpoise abundance from 2001 

– 2008.  Harbor porpoise did occupy certain areas in high densities and these areas 

stayed consistent during all years of effort, possibly indicating areas of “critical 

habitat”.  PSU survey results for Dall’s porpoise show a slight negative trend during 

from 2000 – 2008.  Core survey results show that Dall’s porpoise were rarely sighted 

from 1995 – 2000 with a further decline in sightings since 2001.  It was difficult to 

locate areas of consistent high densities of Dall’s porpoise due to small sample sizes 



 viii 

in both survey types.  These results suggest that for the past decade in the inside 

waters of Washington covered by PSU and core surveys for marbled murrelets, harbor 

porpoise density and abundance have been stable or slightly increasing.  Dall’s 

porpoise density and abundance have always been low and have shown a slight 

negative trend.  The identification of possible areas of “critical habitat” may help 

guide conservation efforts for both species.  Future studies should build upon these 

results and attempt to find causes of the decline in Dall’s porpoise numbers, as well as 

look at biological and oceanographic factors responsible for the patterns of habitat 

preference shown for both species.     
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1. Introduction:  

The family Phocoenidae contains contains the smallest members of the order Cetacea 

and contains three genera; neophocaena and phocoenoides (with one species each), 

and phocoena (with four species).  All members of this family share similar physical 

characteristics including spade-shaped teeth, small flippers, and no delineated beak 

(Reeves et al. 2002).  Of the six species of porpoise found worldwide, only two, the 

harbor porpoise (Phocoena phocoena) and Dall’s porpoise (Phocoenoides dalli) are 

found in Washington State waters (Morejohn, 1979; Haley, 1988; Osborne et al. 

1988).   

 

Harbor porpoises are distributed in temperate and sub-polar waters throughout the 

northern hemisphere and Dall’s porpoises are only found in the temperate and sub-

polar waters of the North Pacific Ocean (Gaskin et al. 1974; Jefferson, 1988).  In the 

North Pacific there is considerable overlap in their distribution, however as a general 

rule, Dall’s prefer deeper water and harbor porpoises prefer more coastal habitats in 

waters typically less than 200m (Morejohn, 1979; Gaskin et al. 1974; Osmek et al. 

1996).  Harbor porpoises average around 1.5 – 1.6m and between 45 – 60kg, with the 

largest specimens recorded being 1.86m and 90kg. (Fischer, 1881; Møhl-Hansen, 

1954; Rice, 1967; Gaskin et al. 1974).  Females are slightly larger than males 

(Gaskin, 1992).  They have a cigar-shaped body with a gray-brown dorsal coloration 

that fades to a lighter cream color ventrally, with dark grey or black flukes and 

flippers.  Their dorsal fin is small and triangular and set mid-back.  Their swimming 

behavior is generally inconspicuous; they rarely exhibit surface-active behaviors and 

are most often seen “slow rolling”.   
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Dall’s porpoises are larger than harbor porpoises and can reach sizes of up to 2.2m 

and 200kg, with the males generally larger than females (Leatherwood et al. 1982).  

They have a powerfully built, stocky body that is all black with a large white flank 

and belly patch.  Their caudal peduncle is deeply keeled ventrally and shows a sharp 

“kink” dorsally between the dorsal fin and the flukes; this kink is obvious when 

viewing animals swimming slowly at the surface (Jefferson, 1988).  The dorsal fin is 

triangular (often forward-canted) and set mid-back, and older animals often develop 

white “frosting” along the trailing edge of their dorsal fins and flukes (Morejohn, 

1979).  Dall’s porpoises may exhibit a characteristic “rooster tail” when swimming, 

making them easier to spot than harbor porpoises.  Dall’s porpoise also exhibit boat-

attraction behavior at times and will often ride the bow of vessels, while harbor 

porpoise seem to be ambivalent towards boats. Both species are most often seen 

traveling singly or in small groups with larger aggregations occurring during feeding 

events (Hall, 2004, A. Ü, pers. obs.).   

 

There are few other cetacean species commonly encountered in the inside waters of 

Washington that could be mistaken for either porpoise, and the different body and 

swimming characteristics make species ID between harbor and Dall’s porpoises 

straightforward by experienced observers (Figure 1).   

 

 

Fig. 1. Harbor porpoise (L) with an unusually lightly colored body (body coloration is normally similar 
to the dorsal fin) and Dall’s porpoise (R) showing typical body pigmentation and dorsal fin shape.  

Both photographs by the author. 
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Dall’s and harbor porpoises do not form mixed groups (Willis et al. 2004) but there 

are confirmed reports of hybridization between the two species in the study area 

(Baird et al. 1998; Willis et al. 2004).  These hybrids have an outward appearance that 

is intermediate between the two species but are always seen traveling with and 

exhibiting behavioral traits (such as bowriding) consistent with Dall’s porpoises 

(Baird et al. 1998). 

 

In the United States of America, all marine mammals are protected under the Marine 

Mammal Protection Act (MMPA) of 1972.  An original goal of the MMPA was to, by 

improving knowledge of marine mammal ecology and population dynamics, identify 

specific species or stocks of species that were in danger of depletion or extinction due 

to human activities and take measures to replenish the species or stocks (MMPA, 

1972).  A 1994 amendment to the MMPA mandated the preparation of “stock 

assessments” for all species of marine mammals in U.S. waters.  The stock assessment 

for every species contain six main components: (1) a description of the stock, 

including geographic range; (2) a minimum population estimate, maximum 

productivity rate, and description of current population trend; (3) an estimate of 

human-based mortality and injury of the stock and for strategic stocks, other threats to 

the ability of the stock to recover including threats to habitat or prey; (4) a description 

of commercial fisheries that interact with the stock, the level of incidental mortality 

and serious injury related to the fishery, and an analysis stating whether the level is 

insignificant and is approaching zero mortality and serious injury rate; (5) a statement 

categorizing the stock as either “strategic” or “not strategic” and why (“strategic” 

meaning that human-related mortality and serious injury is greater than the estimate of 

the potential biological removal (PBR)); (6) and an estimate of the PBR (classified as 
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minimum population size times one half of the default maximum growth rate for 

cetaceans (0.5 x 4%) times a recovery factor specific to the stock) for the stock, 

including the factors used to calculate it (Wade and Angliss, 1997).  These stock 

assessments are re-assessed every year for stocks classified as “strategic” and every 

three years for stocks classified as “non-strategic”.   

 

The Endangered Species Act of 1973 (ESA) is another United States legal mandate 

that guarantees protection of threatened or endangered plant and animal species as 

well as the ecosystems in which they live.   The main goals of the act are as follows: 

to authorize the determination and listing of species as endangered and threatened; to 

prohibit unauthorized taking, possession, sale, and transport of endangered species; to 

provide authority to acquire land for the conservation of listed species, using land and 

water conservation funds; to authorize establishment of cooperative agreements and 

grants-in-aid to States that establish and maintain active and adequate programs for 

endangered and threatened wildlife and plants; to authorize the assessment of civil 

and criminal penalties for violating the Act or regulations; and to authorize the 

payment of rewards to anyone furnishing information leading to arrest and conviction 

for any violation of the ESA or any regulation issued under the ESA (U.S. Senate, 

1973).  If a petition to list a species, or change a species status under the ESA is 

warranted, a Federally-funded Recovery Plan will be implemented to determine the 

status of the species, as well as identify and minimize all possible threats to the 

species and the critical habitat of the species.  In addition to the Recovery Plan, a 

minimum of five years of monitoring effort will be allotted to determine the 

effectiveness of the Recovery Plan.  The status of the species will be re-assessed at the 

end of the five-year monitoring effort; should the species remain threatened or 
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endangered, the actions of the Recovery Plan will continue and further status re-

assessments will take place every five years (U.S. Senate, 1973).  British Columbia 

also has similar listing criteria and status updates for endangered species, including 

marine mammals, under the Committee on the Status of Endangered Wildlife in 

Canada (COSEWIC) (COSEWIC, 2009).   

 

Harbor porpoises are listed as a species of Special Concern in British Columbia 

(COSEWIC, 2003), meaning there are concerns about their conservation status but 

they are not under threat of immediate extinction.  Pollution and by-catch are the main 

threats to the species (Baird, 2003).  In Washington, the harbor porpoise is classified 

as “non-strategic”.  It is not listed as “depleted” under the MMPA and is not listed as 

“threatened” nor “endangered” under the ESA (Carretta et al. 2007).  Dall’s porpoise 

are listed as Not at Risk in British Columbia (Jefferson, 1990; COSEWIC, 2009).  In 

Washington, the species is classified as “non-strategic”; it is not listed as “depleted” 

under the MMPA nor does it have “threatened” or “endangered” status under the ESA 

(Carretta et al. 2007).  Both species are protected and subjected to stock assessments 

mandated by the MMPA.  Since both harbor porpoise and Dall’s porpoise are 

classified as “non-strategic” species in Washington State, their stock assessment 

reviews take place three years.  Neither species has a specific Recovery Plan since 

neither species is listed as “threatened” or “endangered” under the ESA. The most 

recent COSEWIC status updates for harbor and Dall’s porpoise in British Columbia 

were in 2003 (COSEWIC, 2003) and 1989 (Jefferson, 1990; COSEWIC, 2009), 

respectively.    
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The harbor porpoises in the inside waters of Washington belong to the Washington 

Inland Waters stock, which contains all waters east of Cape Flattery including Hood 

Canal, Puget Sound, and the Strait of Juan de Fuca.  The neighboring 

Oregon/Washington Coast Stock contains all waters along the outer coast of 

Washington from Cape Flattery to Cape Blanco, just north of the Oregon/California 

border (Figure 2). 

 
Fig. 2.  Map of stock boundaries (dashed lines) for harbor porpoise in Washington and Oregon.  This 

study is specifically looking at the Washington Inland Waters.  Map adapted from Carretta et al. 
(2007). 
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There are no known biological or genetic differences between the two stocks (Carretta 

et al. 2007); however there are differences in densities between the two stocks (Z = 

6.9, P < 0.001, mean density of WA/OR stock = 1.7 animals/km2; mean density of 

Inside Waters of WA stock = 0.5 animals/km2) (Calambokidis et al. 1993; Osmek et 

al. 1996).  The limited movement between the two stocks coupled with the apparent 

decline in harbor porpoise sightings in southern Puget Sound since the 1940s also 

supports the separation of stocks (Carretta et al. 2007).  Recent genetic evidence 

suggests that the population of eastern North Pacific harbor porpoise is more finely 

structured than currently acknowledged (Chivers et al. 2002) and further adjustments 

to stock boundaries may be made following a more thorough review of all available 

data.  Seasonal movement patterns of the species in the inside waters of Washington 

are poorly understood however there is evidence suggesting movement may be related 

to oceanographic processes (Hanson, 2007).  There is evidence suggesting the harbor 

porpoise population on the outer coast of Washington and Oregon moves towards 

deeper water in late winter (Dohl et al. 1983, Barlow, 1988).  Data from aerial 

surveys of coastal Oregon and Washington suggest harbor porpoise distribution is 

influenced by depth (Green et al. 1992).  Hall (2004) found that in the waters off 

southern Vancouver Island, harbor porpoise density was greatest from April – 

October and lowest from November – March.  Harbor porpoise were once considered 

common in southern Puget Sound (Scheffer and Slipp, 1948) but evidence suggests 

that their numbers have been declining (Everitt et al. 1980; Calambokidis et al. 1992; 

Osmek et al. 1995).  Osmek et al. (1996) stated that no harbor porpoise were observed 

in Hood Canal or southern Admiralty Inlet during survey effort in the late 1980s and 

early 1990s.   
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The most recent population estimate for harbor porpoise in the inland waters of 

Washington State and southern Strait of Georgia (uncorrected for perception and 

availability bias) is 3,123 (CV = 0.10), which is the averaged from National Marine 

Mammal Laboratory (NMML) aerial surveys undertaken during August 2002 and 

2003 (Carretta et al. 2007).  This uncorrected abundance is considerably greater than 

the previous estimate of 1,025 animals which was obtained from aerial surveys 

undertaken by Cascadia Research Collective (CRC) in the early 1990s (Calambokidis 

et al. 1997).  This increase is not shown in southern Puget Sound, where marine 

mammal surveys and stranding records show the abundance of harbor porpoise has 

declined (Everitt et al. 1980; Calambokidis et al. 1992; Osmek et al. 1995) to the 

point where in 1994, after over 1,250km of aerial and vessel surveys were completed, 

there were zero harbor porpoise detected (Carretta et al. 2007).  There have been 

confirmed reports of harbor porpoise in southern Puget Sound and Hood Canal in 

more recent years (Carretta et al. 2007). 

 

The Dall’s porpoise in the inside waters of Washington belong to the 

California/Oregon/Washington stock, which shares the same northern border as the 

Oregon/Washington coast stock of harbor porpoises (Figure 2) and extends south to 

the California/Mexico border (Carretta et al. 2007).  The most recent MMPA stock 

assessment on the California/Oregon/Washington Dall’s porpoise stock concluded 

that there is not enough data to look at potential trends in density or abundance 

(Carretta et al. 2007).  The MMPA stock assessment for this stock does not include 

effort undertaken in the inside waters of Washington (Carretta et al. 2007) and the 

most recent information on Dall’s porpoise in this region is over 10 years old 

(Calambokidis et al. 1997).  Dall’s porpoise movement patterns in the inside waters of 
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Washington are unknown, however on the outer coast, Dall’s porpoise are thought to 

have a north-south movement pattern between Washington, Oregon, and California 

that is mostly influenced by oceanographic conditions (Green et al. 1992; Barlow, 

1995; Forney et al. 1995).   

 

Previous studies in the inside waters of Washington and neighboring waters of British 

Columbia have shown a decline in harbor porpoise numbers, suggesting either 

population decline or a shift in habitat use (Everitt et al. 1980; Flaherty and Stark, 

1982; Baird and Guenther, 1991).  Additional information from the Marine Mammal 

Research Group in Victoria, B.C. suggests that Dall’s porpoise may have been more 

commonly sighted than harbor porpoises between the years 1987 – 1992 (Baird and 

Guenther, 1994).  Osmek et al. (1995) noted that the abundance of Dall’s porpoise 

may have been increasing in Puget Sound in the early 1990s.  However, in recent 

years, anecdotal evidence suggests another shift with general trends indicating a 

possible increase in harbor porpoise numbers coinciding with a possible decrease in 

Dall’s porpoise numbers (J. Durban, pers. comm.; A. Hall, pers. comm.; B. Hanson, 

pers. comm.; A. Ü, unpub. data).   

 

Although identifying trends in density and abundance is critical for understanding the 

status of a population, identifying areas of critical habitat is equally important for 

conservation reasons.  Due to the large home ranges occupied by many cetacean 

species, it is often unrealistic or impossible to protect the entire range of habitat 

occupied by cetacean species.  It is far more realistic and possible to protect specific 

areas of “critical habitat”, namely areas that are important for foraging, reproduction, 

or other reasons, but the importance and location of such areas must be identified 
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before they can be protected (Hooker and Gerber, 2004; Hoyt, 2005; Williams et al. 

2009).   Cetacean distribution has been shown to be closely related to specific habitat 

characteristics (Frankel et al. 1995; Jaquet and Gendron, 2002; Hauser et al. 2007).  

The reasons behind cetacean distribution are often complex, particular are some 

species such as grey whales (Eschrichtius robustus) and humpback whales 

(Megaptera novaeangliae) showing large-scale movements related to breeding and 

foraging (Pike, 1962; Frankel et al. 1995) while others such as the vaquita (Phocoena 

sinus) occupy tiny home ranges throughout their entire life cycle (Jaramillo-Legorreta 

et al. 1999; Rojas-Bracho et al. 2006).  Johnston et al. (2005) found that harbor 

porpoise in the Bay of Fundy specifically target tidally dynamic areas, such as island 

and headland wakes, as summertime foraging sites, while on the west coast of 

Scotland, Embling (2007) found that harbor porpoise were mainly distributed in areas 

with low tidal currents but had higher detection rates during spring tides. 

 

There are numerous accounts of cetacean species occupying core areas in the inside 

waters of Washington and neighboring British Columbia.  The threatened Northern 

Resident killer whales in British Columbia range from southeast Alaska to 

Washington state (Ford et al. 2000), but during the summer months they have a core 

habitat region in Johnstone Strait that is related to both foraging and social behavior 

(Ford et al. 2000; Williams et al. 2009).  Numerous cetacean species have been 

shown to exhibit seasonal habitat use in the inside waters of Washington.  The 

endangered Southern Resident killer whales range from northern British Columbia to 

central California (Center for Whale Research, unpub. data),  but areas of core habitat 

have been identified in their summer range (Hauser et al. 2007) that are related to 

foraging, traveling, and resting behavior (Heimlich-Boran, 1988; Felleman et al. 
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1991; Hoelzel 1993).  Minke whales (Balaenoptera acutorostrata) have been shown 

to exhibit long-term, fine-scale, site fidelity that may be related to individual whale’s 

foraging strategies (Dorsey, 1983; Dorsey et al. 1990; Hoelzel et al. 1989); and it has 

been noted that humpback whales sightings increase in the Strait of Juan de Fuca 

during the summer months, possibly in conjunction with the formation of the Juan de 

Fuca eddy (Hanson, 2007).  Long-term habitat preference has also been shown for 

individual grey whales, which repeatedly use the inside waters of Washington as a 

feeding stopover in their annual migration route (Calambokidis et al. 1994; 

Calambokidis et al. 2002; Calambokidis et al. 2009).   

 

This study had three goals:  The first goal was to obtain an estimate of harbor and 

Dall’s porpoise density and abundance for the inside waters of Washington.  The 

second was to determine if there are differences in harbor and Dall’s porpoise 

distribution and abundance between years as well as within years in the inside waters 

of Washington, and the third was to identify possible regions of core habitat for both 

species in the inside waters of Washington.  The data used in this study came from 

line-transect surveys for the marbled murrelet (Brachyrhampus marmoratus). 

 

2. METHODS: 

2.1 Study Area: 

Data for all analyses comes from the two types of United States Forest Service 

(USFS) at-sea surveys for the marbled murrelet, which is listed as “threatened” in 

Washington, Oregon, and California by the ESA and has a Recovery Plan in effect 

(USFWS, 1997). The primary survey type consists of Primary Sampling Unit (PSU) 

survey in Zone 1 of the marbled murrelet Recovery Plan (USFWS, 1997; Madsen, 
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1999), and the secondary survey type is the “core” survey that takes place around the 

San Juan Islands.  Both survey types were designed to assess marbled murrelet 

population trends at sea.  Murrelets in Washington State show a preference for 

foraging in shallow, nearshore habitats (Carter and Sealy, 1990; Strachan et al. 1995); 

therefore the PSU surveys focused on coastal waters between 2000 meters (Regions 2 

and 3) and 5000 meters (Region 1) offshore and the core surveys focused on coastal 

waters up to 500m from shore (Raphael et al. 2007).   

 

2.2 PSU survey design: 

Zone 1 of the marbled murrelet Recovery Plan extended from Neah Bay eastward and 

included all of the “inside” waters of Washington (USFWS, 1997).  It is divided into 

three separate regions: Region 1 is the north coast of the Olympic Peninsula along the 

Strait of Juan de Fuca; Region 2 contains the San Juan Islands, the eastern shoreline 

of Whidbey Island, northern Admiralty Inlet, and northern Hood Canal; and Region 3 

stretches from the U.S. – Canadian border at Boundary Bay southward to Padilla Bay, 

then continues south along the west side of Whidbey Island.  Region 3 also contains 

most of Puget Sound and southern Hood Canal. Each region is divided into subunits 

called Primary Sampling Units (PSU), which are roughly 20km long and extend either 

2000m (Regions 2 and 3) or 5000m (Region 1) offshore.  Regions 1 and 2 are further 

subdivided into inshore and offshore components, with the division between inshore 

and offshore being 1500m from land in Region 1 and 500m for Region 2.  Region 3 

PSUs are entirely “offshore”.  The locations of individual PSU subunits surveyed in 

Regions 1 and 3 are shown in Figure 3; the locations of individual PSU subunits 

surveyed in Region 2 are shown in Figure 4. 
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Fig. 3.  Region 1, 2, and 3 PSU survey study area from 2000 – 2008.  Numbers represent individual 
subunits for Region 1 and Region 3.  Total surveyed area: Region 1 = 839km2; Region 3 = 1458km2.    
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Fig. 4.  Region 2 PSU survey study area from 2000 - 2008.  Numbers represent individual subunits.  

Total surveyed area for Region 2 = 1197km2 
 

Resources were not available to survey every PSU in each region, so in 2000, five 

PSU areas were randomly selected in Regions 1 and 3, and 20 were randomly selected 
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from Region 2.  These 30 selections formed a PSU survey block and were replicated 

twice during a summer during all subsequent years.  The first PSU survey block is 

from May 15 to June 15 and coincides with the marbled murrelet nesting season and 

the second survey block is from June 16 to July 31 and coincides with the marbled 

murrelet fledging season. In 2000 the offshore subunit was surveyed using transects 

running parallel to the shoreline at varying distances but in 2001, a randomly selected 

zig-zag track for each round and offshore subunit was used, and these zig-zag tracks 

were repeated on subsequent years with the order of use being randomly selected for 

each year.  These offshore zig-zags were designed to cut across the density gradient 

for murrelets, which is related to water depth, in the offshore components.  During all 

years of PSU effort, inshore components were surveyed using transects running 

parallel to the shoreline at varying distances. See Raphael et al. (2007) for further 

information on PSU survey design. 

 

2.3 Core survey design: 

The core survey was designed prior to the 1995 field season by M. Raphael and C. J. 

Ralph (M. Raphael, pers. comm.).  The survey area consisted of 16 primary subunits 

in the San Juan Islands (Figure 5).  Each primary subunit was surveyed using transect 

lines that ran parallel to the shoreline with the transect line fixed at 300 meters from 

land.  Transects consisted of 2000m segments, with the shortest primary subunits 

(CRAN, LOHA, ORSW) being two segments long and the longest (DECA) being 11 

segments long.  All 16 primary subunits were normally completed in a 10-day survey 

block.  Survey effort was variable up to the year 2000, but since 2001 effort has been 

standardized with 11 replications of the 10-day survey block starting in mid-May and 

going until the end of August (in 2001 and 2002, additional surveys were also made in 
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late April and early May).  Each survey block had a total of 170 km of trackline.  

From 2001 - 2008, all survey blocks were completed with the exception of one in 

2003, which only contained 156km of trackline.  Unlike the PSU subunits, a core 

primary subunit could be started one day and completed on another date as long it was 

within the same survey block.  In addition to the 16 primary subunits, there were 

secondary subunits that were only occasionally completed in the early years of core 

effort.  There were sightings of both species of porpoise in the secondary subunits, but 

due to inconsistent effort, data from the secondary subunits are not included in this 

study.   

 

 
Fig. 5.  Map of the 16 primary core transects (red lines) in the San Juan Islands.  Individual transect 

start and end points are indicated by blue dots.  Light blue shading indicates water depths less than 60 
feet/18.5 meters.  The dashed line represents the U.S. – Canada border.  Total area when all subunits 

are completed = 68km2. 
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2.4 Data Collection: 

Two field crews were employed to survey all selected areas. The “Friday Harbor” 

crew was based in Friday Harbor on San Juan Island and was responsible for 

surveying Region 2 PSUs 1, 3, 6, 8, 11, 14, 15, 17, 22, 23, and 42 as well as the core 

surveys around the San Juan Islands.  The “Sequim” crew was based in Sequim or 

Port Angeles on the Olympic Peninsula and was responsible for the remaining PSUs 

in Region 2 as well as all PSUs in Regions 1 and 3.  Both crews consisted of a team 

leader and two team members, operated identical 5.25 meter Boston Whalers (Figure 

6) and utilized the same methods of data collection. 

 

 
Fig. 6.  The 2008 Friday Harbor field crew (Cyndi Rossini, Jean Olson, and Adam Ü) enjoying a break 

from effort on R/V Rosi.  Photo courtesy of David Ellifrit, Center for Whale Research. 

 

During PSU surveys, two crew members would stand on either side of the bow of the 

research vessel and act as observers while the third crew member acted as designated 

vessel captain.  Each observer was responsible for surveying a 90º arc starting from 

the bow and terminating at the beam of the vessel, and the vessel captain was 
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responsible for keeping the vessel on the track line and informing the observers of 

each change in direction.  The vessel captain did not contribute any sightings to either 

observer.  Observers scanned the entire 90º area but focused on the front 45º of the 

survey area in order to minimize the risk of missing animals closest to the line.  Both 

observers shared the trackline (0º) and communicated with each other to ensure that 

sightings on the trackline were not pseudoreplicated.  For core surveys, one crew 

member would act as primary observer and would scan the front 180° (focusing on 

the front 90º) and the vessel captain would act as secondary observer.  The third crew 

member does not have any role in core surveys and does not assist the primary or 

secondary observer in any way.   

 

For both survey types, scanning was done with naked eye.  Handheld binoculars were 

only used for species identification and obtaining an accurate count when necessary.  

Eye height of the observer varied, but was generally considered to be 2 meters.  

Vessel speeds varied depending on sighting conditions but was always between 8 and 

12 knots.  Generally, team members would stay in the same position for an entire PSU 

survey and would only rotate positions upon completion of a subunit; however the 

entire crew would go off effort to rest as necessary.  While the effort focused on 

marbled murrelets, observers recorded sightings of every bird and marine mammal 

species seen on the water within the survey area.  When an animal was sighted, the 

observer would record the side of the boat, species, number, and perpendicular 

distance to the transect line.  The maximum perpendicular distance to the transect line 

recorded varied between years but were always >=200m.  Details of each sighting 

were spoken into a handheld tape recorder for transcription and entering into a 

computer database.  Data were usually transcribed and entered within 48 hours of 
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collection and database quality control review procedures for both surveys were done 

at the end of each 10-day core survey block.  Vessel drivers followed tracks laid out 

on GPS chart plotters while driving PSU offshore zigs and used radar to maintain the 

correct distance from shore during PSU nearshore segments and core contours.   

 

All crew members were trained in seabird and marine mammal species ID by expert 

biologists.  If observers had any question as to the species of a sighting, the survey 

vessel would go “off effort” to approach sightings or get confirmation from the other 

crew members.  This was usually only done for murrelets, so occasionally the sighting 

ID for other species would only be as specific as “PORP” for unidentified porpoise, 

“SCOT” for unidentified scoter, and so forth.  For the purpose of this analysis, only 

sightings that were confirmed to species “DAPO” for Dall’s porpoise or “HAPO” for 

harbor porpoise were used. 

 

Individual PSU subareas generally take between two and five hours to complete and 

only PSUs that were completed entirely in one day were used for the analysis.  Which 

PSU was completed on any given day was not random; selection was determined by 

weather conditions and by what PSUs had been previously completed within the 

survey block.  In the San Juan Islands, if an “inside” PSU (1, 11, 14, 15, and 17) had 

been completed the previous day, priority would shift to doing an “outside” PSU.  

Every attempt was made to avoid conducting surveys in adjacent PSUs on the same or 

back-to-back days; however the logistics of getting from Friday Harbor to PSUs 22 

and 23 meant that both of those areas were usually surveyed on the same day.  Similar 

situations arose for the Sequim crew with PSUs 2 and 3 in Region 1 and PSUs 25, 26, 

and 27 in Region 2.   
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The Friday Harbor crew prioritized PSU operations over core operations.  Core 

surveys were only carried out after PSU effort had ceased for the day or while waiting 

to temporally or spatially separate PSUs within survey blocks.  Once PSU surveys had 

finished for the year, core surveys became the only priority.  As with PSUs, the 

location of daily core effort was be determined by the prevailing weather conditions 

and by which core subunits had previously been completed during the replication, 

however unlike PSUs, there was no effort made to temporally or spatially separate 

core subunits within survey blocks.   In order to minimize observer fatigue, 

crewmembers would rotate positions between 1st observer, vessel captain/2nd observer 

and off-effort at approximately 10-segment intervals.   

 

Weather conditions such as sea state have significant impacts on the sighting rate of 

cetaceans and seabirds (Barlow et al. 2001; Beavers and Ramsey, 1998; Evans and 

Hammond, 2004; Forney, 2000).  USFS protocol dictated cessation of survey effort 

during periods with a sea state of Beaufort 3 or greater, however it was not 

uncommon to encounter short (<500m) stretches of Beaufort 3 or greater while on 

effort even if there was no effect of wind on the water. These areas were most 

commonly due to the extremely dynamic tidal nature of the study area and usually 

occurred in localized areas near narrow passes or small islets.  Poor survey conditions 

in these areas did not warrant cessation of effort because they were inconsistent with 

the overall weather conditions of the day and represented a very small percentage of 

trackline.  Although porpoises were occasionally sighted during these short periods of 

unfavorable conditions, only sighting data from between Beaufort 0 and 2 were used 

in this analysis.  Areas of increased dynamic properties have been shown to influence 

cetacean activity (Jaquet and Gendron, 2002) but as the number of sightings removed 
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from the analyses due to these short periods of poor survey conditions was less than 

1% of the total number of sightings, it is unlikely that there was any introduced bias 

against sightings in these dynamic areas. 

 

Density measurements made by line transect methods require accurate perpendicular 

estimations from the transect line to sighted animals (Buckland et al. 2001).  In order 

to ensure distance estimations were as accurate as possible, observers were trained 

and calibrated on the water using laser rangefinders and floating targets.  Items such 

as crab pot floats and mooring buoys were the most commonly used targets, with the 

former being preferred due to their size and shape being similar to marbled murrelets 

(coincidentally, the visible profile offered by surfacing porpoises facing towards or 

away from the vessel is similar to crab pot floats and the side-on profile of surfacing 

porpoises is similar to mooring buoys).  To simulate field conditions, the vessel 

captain would slowly motor along a known heading (the “trackline”) while the 

rangefinder operator would point out targets ahead of the vessel for the observer to 

estimate.  The observer would estimate the perpendicular distance to the line as soon 

as the target was identified and the distance would be confirmed with the rangefinder 

as the vessel passed by.  An observer was considered “calibrated” after estimating the 

distance to 10 targets in a row within 15% of actual distances.  All observers rotated 

through each position until they had at least 100 successful estimations before the 

survey season began, and further tests were conducted on a weekly basis throughout 

the season to ensure the observers estimates were still within the 15% margin for 

error.  If observers were outside of the margin for error during a weekly test, 

estimations would continue until the observer obtained 10 estimates in a row within 

15%.      
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2.5 Data Analysis: 

For both survey types, the density and abundance estimates for harbor and Dall’s 

porpoises were obtained by using standard methods for stratified sampling, which are 

often referred to as “conventional distance sampling”, or CDS (Cochran, 1977; Sokal 

and Rohlf, 1981; Buckland et al. 2001).  Williams and Thomas (2007) outline the 

three main components of obtaining density estimates using CDS, which include: 

estimating the average probability of detection, p, by fitting a detection function g(x), 

where x is perpendicular distance, to the observed distances of sightings from the 

transect line; estimating the average school size for the population, E(s), from the 

observed school sizes, and then using the formula   

pwL

sEn
D

ˆ2

)(ˆˆ =  

where n is the number of clusters observed within w; w is the width after truncation; 

and L is the total length of all transects while on-effort, to estimate animal density D.  

For harbor porpoises, this study compares density and abundance estimates from data 

pooled from all PSU survey regions, replicates, and components from years 2000 – 

2008, as well as individual years, regions, components, and replications.  Density and 

abundance estimates from the core survey were made from data pooled from all core 

replicates and transects from years 1995 – 2008 as well as individual years, subunits, 

and replications.  Since core effort was inconsistently distributed between years, 

comparisons between harbor porpoise abundance were made using data from survey 

blocks 5 – 13 of years 1997 – 1999 and 2001 - 2008, when effort was consistent.  For 

both survey types, the total number of observations of Dall’s porpoise was too small 

to obtain density and abundance estimates based on individual years, components, or 

subunits.  For both survey types, the only density and abundance estimates for the 
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species are for all data pooled over time and space.  All density and abundance 

estimates were made using Distance 6.0 Release 1 (Thomas et al. 2009) and 

comparisons of abundance between years, components, and transects were made 

using R (R development team 2008) and cluster sizes from the raw data as a proxy for 

abundance. 

 

An important assumption for line transect studies is that every animal on the trackline 

is detected by observers, giving a g(0) value of 1 (Buckland et al. 2001).  In reality 

this is rarely the case, especially with marine mammals, which are often 

inconspicuous and spend significant periods of time underwater.  It is possible to 

estimate the perception bias by having two teams of independent observers 

simultaneously collecting mark-recapture and distance-sampling data (Borchers et al. 

1998b; Borchers et al. 2002).  However as this study only had one team of observers, it 

was impossible to determine the actual detection probability value g(0) for each 

species. The most recently available value for harbor porpoise g(0) is 0.35 (CV = 

0.25) which was obtained from naked eye surveys from a large (>40m) vessel with an 

eye height of 9m (Palka, 2006).  The same study also has a naked eye g(0) value of 

0.54 (CV = 0.14) from an eye height of 14m, which suggests that a higher eye height 

allows for a greater probability of detecting animals.  The most recently available 

Dall’s porpoise g(0) is 0.822 (CV = 0.101) which was obtained from surveys from 

large (>50m) vessels using high-powered (25x) binoculars with eye heights around 

10m (Barlow and Forney, 2007).    The g(0) value for both species as determined 

from a small boat/naked eye study would likely be lower than the values from a larger 

vessel (J. Barlow, pers. comm.), but it is impossible to know exactly how much a 

small boat/naked eye g(0) value would vary from the above estimates.  Given the lack 
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of available g(0) values for a similar platform, the g(0) estimate used in this analysis 

was 1, which certainly resulted in negatively biased density and abundance estimates.   

 

Buckland et al. (2001) also suggests truncating between 5 and 10 percent of the 

farthest observed distances as such extreme distances have little effect on density 

estimates and removing them simplifies modeling the detection function.  Many of the 

strata in this analysis had few observations, so the truncation distance was set at 5 

percent for all strata to maximize the amount of usable data.  Maximum recordable 

distance from the line varied between years but was always >= 200m so the truncation 

distance in the program Distance was set at 190m (200m x 0.95) for all analyses.   

 

Weather conditions and logistics made it impossible to randomly select which PSU or 

core subunit would be surveyed on any given day, resulting in a lack of independence 

for daily selections.  Due to this unavoidable situation, bootstrap resampling methods 

were used to better estimate precision for individual components.  Bootstrap results of 

individual analyses shown in this report are based on 999 bootstrap replications using 

Distance. 

 

The uniform and half-normal functions, both with and without cosine adjustment 

factors, were deemed appropriate candidates for modeling the detection function.  The 

hazard-rate model was not considered because this study may have data spikes as a 

result of artificial rounding near zero and 200m.  Buckland et al. (2001) reported that 

the hazard-rate function might give positively biased density estimates in these 

situations.  Model selection for individual analyses was based on minimum Akaike 

Information Criterion (AIC) values.   
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3. RESULTS: 

3.1 Realized PSU effort: 

The two field crews covered a total of 19,792km of trackline during PSU effort for the 

years 2000 – 2008, for a yearly average of 2199km of trackline.  Total area for each 

region was 839km2 (region 1), 1197km2 (region 2), and 1458km2 (region 3).  The 

survey area, length of trackline, number of samples and observations of harbor 

porpoise for all years combined, individual years and survey blocks are shown in 

Table 1, and the survey area and length of trackline as well as number of samples and 

observations of harbor porpoise in each component, region, and the 10 subunits with 

the highest number of observations are shown in Table 2.  The survey area, length of 

trackline, and number of samples and observations for all other subunits are shown in 

Appendix A.  During the entire study period, the total number of Dall’s porpoise 

observations was too small to warrant separate analyses based on individual 

components, however individual analyses based on separate years and survey blocks 

were completed.  Surveyed area and transect length with number of samples and 

observations for the Dall’s porpoise analysis based on pooled data from all years, 

subunits, and survey blocks as well as individual analyses based on individual survey 

blocks, regions, and pooled nearshore/offshore components are shown in Table 3.   
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Table 1.  Realized survey effort and area for all years combined, individual years and individual survey 
blocks with corresponding number of samples and observations for harbor porpoise. 

Analysis Effort (km) Area (km2) N Samples N Obs. 

2000 – 2008 combined 19792 31446 990 633 

2000 2047 3494 110 43 

2001 2146 3494 110 75 

2002 2277 3494 110 56 

2003 2267 3494 110 76 

2004 2275 3494 110 68 

2005 2236 3494 110 85 

2006 2270 3494 110 83 

2007 2148 3494 110 68 

2008 2128 3494 110 79 

SB1 (May 15 - Jun. 15) 9950 3494 495 330 

SB2 (Jun. 16 - Jul. 31) 9843 3494 495 303 

 
 
 

Table 2.  Realized survey area and effort per component, region, and the 10 subunits with highest 
number of observations, with corresponding number of samples and observations for harbor porpoise. 

Analysis Effort (km) Area (km2) N Samples N Obs. 

Nearshore 9130 8176 445 154 

Offshore 10663 23270 545 479 

Region 1 3254 839 184 71 

Region 2 14738 1197 716 553 

Region 3 1800 1458 90 9 

42Or2 724 734 18 116 

22Or2 573 409 18 72 

08Or2 548 526 18 52 

01Or2 407 383 18 45 

31Or2 521 482 18 40 

06Or2 520 509 18 35 

08Nr1 364 441 18 33 

08Nr2 364 148 18 33 

22Nr2 369 155 18 33 

03Or2 293 274 18 19 

 
 
 
Table 3.  Realized survey effort and area for all years combined, individual survey blocks, regions, and 

components with corresponding number of samples and observations for Dall’s porpoise 

Analysis Effort (km) Area (km2) N Samples N Obs. 

2000 - 2008 19792 31446 990 36 

SB1 (May 15 - Jun. 15) 9950 3494 495 19 

SB2 (Jun. 16 - Jul. 31) 9843 3494 495 17 

Region 1 3254 839 184 9 

Region 2 14738 1197 716 23 

Region 3 1800 1458 90 4 

Nearshore 9130 8176 445 5 

Offshore 10663 23270 545 31 
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3.2 PSU survey harbor porpoise uncorrected density and abundance estimates: 

The pooled density estimate for harbor’s porpoise using all replications, subunits, and 

components from years 2000 – 2008 was 0.196 (95% CI = 0.158 – 0.245) harbor 

porpoise/km2, with an estimated abundance of 686 (CV 11.27; 95% CI = 550 – 855) 

harbor porpoise.  Bootstrap density and abundance estimates for the same period were 

0.177 (95% CI = 0.0123 – 0.238) harbor porpoise/km2, with a corresponding 

abundance of 617 (CV 18.93; 95% CI = 429 – 831) harbor porpoise.  The detection 

function used in the pooled analysis is shown in Figure 7.  Detection functions for all 

other analyses can be seen in Appendix H. 

  

 
Fig. 7.  Distance detection probability function for all components and years (2000 – 2008) of harbor 

porpoise sighted during PSU effort using half-normal model with cosine adjustments 2, 3, 4, 5.  
Maximum perpendicular distance is truncated at 190m.  Number of sightings = 633. 

 

A plot of the abundance results from Distance shows harbor porpoise abundance in 

2005 to be significantly higher than the three previous years (Figure 8), but this 

difference in abundance between years is insignificant when cluster sizes from the 

raw data are analyzed (Kruskal-Wallis x2 = 7.2928, df = 8, p = 0.5054).   
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Fig. 8.  Distance abundance estimates and 95% confidence intervals for harbor porpoise in individual 

years of PSU survey. 
 
 

When looking at results from the cluster sizes from the raw data, there was also no 

difference in harbor porpoise abundance between the two survey blocks within a year 

(Kruskal-Wallis x2 = 0.9891, df = 1, p = 0.32) or between the three regions surveyed 

(Kruskal-Wallis x2 = 2.364, df = 2, p = 0.3067).  The density of harbor porpoise in all 

offshore components (D = 0.2038; 95% CI = 0.168 – 0.248) was slightly higher than 

nearshore components (D = 0.1499; 95% CI = 0.106 – 0.213) but this was not 

significant.  Further information about models used, detection probability, densities 

and abundances for all years combined, individual years, and survey blocks is shown 

in Table 4.  Bootstrap results for harbor porpoise analyses in individual subunits are 

shown in Appendix C; all other harbor porpoise PSU bootstrap results are shown in 

Appendix D. 
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Table 4.  Fitted detection function model, p-value from Kolmogorov-Smirnov goodness-of-fit test, 

estimated mean detection probability ( P̂ ),  P̂ percentage coefficient of variation, estimated group size 
(E(s)) and E(s) percent coefficient of variation, estimated density (D) and abundance (N) with 95% 
confidence intervals and percent coefficient of variation for all years combined, individual year, and 

survey block harbor porpoise analyses. Truncation distance for each analysis = 190m.   

Analysis Model1 K-S P P̂  P % CV E(s) E(s) %CV D D 95% CI N N 95% CI %CV 

2000 - 2008 HN+cos(2,3,4,5) 0.0002 0.4270 6.93 1.58 2.63 0.196 0.1575 - 0.245 686 550 - 855 11.27 

2000 HN 0.1895 0.7250 16.77 1.74 9.75 0.065 0.0277 - 0.154 228 97 - 538 45.4 

2001 HN 0.4808 0.6080 10.73 1.63 6.98 0.140 0.0784 - 0.250 489 274 - 873 29.94 

2002 HN 0.9992 0.7470 12.71 1.70 7.50 0.103 0.0593 - 0.179 360 207 - 625 28.24 

2003 U+cos(1) 0.3416 0.6600 9.29 1.67 12.15 0.125 0.0772 - 0.202 436 270 - 704 24.65 

2004 HN 0.4906 0.5831 9.77 1.44 5.69 0.128 0.0814 - 0.203 449 284 - 708 23.29 

2005 HN+cos(2,3,4) 0.0404 0.2888 11.72 1.56 6.09 0.361 0.2154 - 0.604 1260 753 - 2110 26.29 

2006 HN+cos(2,3) 0.1124 0.3439 14.52 1.37 5.45 0.267 0.1604 - 0.446 934 560 - 1558 26.29 

2007 U+cos(1,2) 0.0073 0.4268 10.73 1.50 6.63 0.152 0.0983 - 0.236 532 343 - 825 22.48 

2008 HN 0.6840 0.6019 10.46 1.43 6.38 0.175 0.1062 - 0.287 610 371 - 1003 25.03 
SB1 

(May 15 - Jun. 15) HN 0.0056 0.5921 4.82 1.60 4.06 0.150 0.1163 - 0.192 523 406 - 672 12.84 
SB2 

(Jun. 16 - Jul. 31) U+cos(1,2) 0.0005 0.5053 5.93 1.56 3.23 0.157 0.1221 - 0.202 549 427 - 706 12.88 
1HN=half normal key; U=uniform key; cos(a,b,c,d,e)=cosine adjustment terms of order a, b, c, d, e.  

 

Harbor porpoise did show a consistent pattern of spatial distribution in the survey area 

in the years 2000 – 2008.  Harbor porpoise densities in individual subunits did not 

vary between years.  The densities of individual PSU components pooled over all 

years are shown in Figure 9. 
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Fig. 9.  Distance estimates of density of harbor porpoise per km2 in individual PSU components using 

data pooled from 2000 – 2008.  PSU subunit numbers are shown in Figures 3 and 4. 

 

Information about models used, detection probability, densities and abundances in 

individual components, regions, and the 10 subunits with highest densities can be seen 

in Table 5.  The same information for all other subunits is shown in Appendix B.   
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Table 5.  Fitted detection function model, p-value from Kolmogorov-Smirnov goodness-of-fit test, 

estimated mean detection probability ( P̂ ),  P̂ percentage coefficient of variation, estimated groupsize 
(E(s)) and E(s) percent coefficient of variation, estimated density (D) and abundance (N) with 95% 

confidence intervals and percent coefficient of variation for components, regions, and the 10 subunits 
with the highest overall densities of harbor porpoise.  Truncation distance for each analysis = 190m. 

Analysis Model1 K-S P P̂  P % CV E(s) E(s) %CV D D 95% CI N N 95% CI %CV 

Nearshore HN+cos(2) 0.0465 0.4862 9.93 1.71 6.54 0.150 0.1058 - 0.213 305 215 - 433 17.89 

Offshore HN 0.0001 0.5794 3.79 1.54 2.69 0.204 0.1679 - 0.248 712 586 - 865 9.96 

Region 1 U+cos(1) 0.9342 0.6159 8.45 1.61 6.05 0.150 0.1018 - 0.220 126 85 - 185 19.78 

Region 2 HN+cos(2,3,4,5) 0.0001 0.4227 7.29 1.58 2.89 0.370 0.2949 - 0.463 442 353 - 554 11.55 

Region 3 HN 0.9956 0.5661 31.75 1.22 12.03 0.028 0.0111 - 0.073 41 16 - 106 49.13 

42Or2 HN 0.3641 0.5876 8.32 1.53 4.96 1.098 0.6076 - 1.985 1314 727 - 2375 29.09 

22Nr2 HN+cos(2) 0.3943 0.4153 20.00 1.73 10.77 0.979 0.4260 - 2.252 1172 510 - 2695 42.61 

22Or2 U+cos(1) 0.1744 0.5253 4.09 1.46 6.21 0.919 0.5656 - 1.492 1099 677 - 1785 24.01 

23Or2 HN 0.6761 0.3803 16.99 1.60 10.21 0.779 0.3933 - 1.542 932 471 - 1845 34.51 

08Or2 HN 0.1163 0.4783 9.90 1.23 5.93 0.641 0.3947 - 1.042 767 472 - 1247 24.05 

01Or2 U+cos(1) 0.7201 0.6961 12.93 1.47 9.59 0.613 0.3501 - 1.073 733 419 - 1284 28.83 

31Or2 HN+cos(2) 0.9121 0.4228 18.51 1.24 6.41 0.591 0.2418 - 1.444 707 289 - 1728 45.52 

06Or2 HN 0.6187 0.6215 16.46 1.71 9.44 0.489 0.2401 - 0.996 585 287 - 1191 35.97 

03Or2 U+cos(1) 0.2284 0.5000 29.46 1.42 13.52 0.484 0.2092 - 1.122 580 250 - 1342 43.47 

32Nr2 HN 0.0081 0.298 17.74 2 16.57 0.459 0.2172 - 0.969 549 260 - 1160 38.05 
1HN=half normal key; U=uniform key; cos(a,b,c,d,e)=cosine adjustment terms of order a, b, c, d, e.  

 
 

3.3 PSU survey Dall’s porpoise uncorrected density and abundance estimates: 

The pooled density estimate for Dall’s porpoise using all replications, subunits, and 

components from years 2000 – 2008 was 0.0143 Dall’s porpoise/km2 (95% CI = 

0.008 – 0.025), with a corresponding abundance of 50 (CV 29.59; 95% CI = 28 – 88) 

Dall’s porpoise.  Bootstrap density and abundance estimates for the same period were 

0.022 (95% CI = 0.0071 – 0.030) Dall’s porpoise/km2, with a corresponding 

abundance of 54 (CV 36.62; 95% CI = 25 – 104) Dall’s porpoise.  There were not 

enough observations per year to obtain reliable density and abundance estimates for 

each individual survey year.  The detection function used for the pooled analysis is 

shown in Figure 10.  Detection functions for all other Dall’s porpoise PSU analyses 

can be seen in Appendix I. 
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Fig. 10.  Distance detection probability function for all components and years (2000 – 2008) of Dall’s 
porpoise sighted during PSU effort using uniform key model.  Maximum perpendicular distance is 

truncated at 190m.  Number of sightings = 36. 

 

Using cluster size from the raw data as a proxy for abundance, the difference in 

abundance between the two survey blocks within years was not significant (Kruskal-

Wallis x2 = 0.1573, df = 1, p = 0.6916), nor was the difference between abundance in 

the different regions (Kruskal-Wallis x2 = 2.0168, df = 2, p = 0.3648).  Of the 16 

subunits that had Dall’s porpoise sightings, 11 were offshore and 5 were nearshore.  

31 of the 36 sightings were in those offshore components as well.  The difference in 

abundance between nearshore and offshore components was not significant at the p = 

0.05 level, but was significant when p = 0.10 (Kruskal-Wallis x2 = 2.7102, df = 1, p = 

0.0997).  The encounter rate was also significantly higher in offshore components vs. 

nearshore components.  There were not enough observations to obtain reliable density 

and abundance estimates for each individual subunits or years.  Results from all PSU 

Dall’s porpoise analyses are shown in Table 6; bootstrap results from these analyses 

are shown in Appendix E. 
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Table 6.  Fitted detection function model, p-value from Kolmogorov-Smirnov goodness-of-fit test, 

estimated mean detection probability ( P̂ ),  P̂ percentage coefficient of variation, Estimated group size 
(E(s)) and E(s) percent coefficient of variation, estimated density (D) and abundance (N) with 95% 

confidence intervals and percent coefficient of variation for each Dall’s porpoise analysis.  Truncation 
distance for each analysis = 190m. 

 Analysis Model1 K-S P P̂  P %CV E(s) E(s) %CV D D 95% CI N N 95% CI %CV 

2000 - 2008 U 0.5817 1 0 2.53 11.42 0.0143 0.0081 - 0.025 50 28 - 88 29.59 
SB1 

(May 15 - Jun. 15) U 0.6153 1 0 2.79 18.1 0.0142 0.0063 - 0.032 50 22 - 111 42.41 
SB2 

(Jun. 16 - Jul. 31) U 0.4966 1 0 2.24 10.53 0.0139 0.0065 - 0.030 49 23 - 104 40.03 

Region 1 U 0.763 1 0 2.22 14.58 0.0164 0.0063 - 0.043 14 5 - 36 51.74 

Region 2 U 0.2908 1 0 2.3 11.71 0.0097 0.0054 - 0.017 12 6 - 21 30.79 

Region 3 U 0.7025 1 0 4.5 42.07 0.0263 0.0075 - 0.092 28 11 - 135 64.69 

Nearshore U 0.4516 1 0 1.6 25 0.0023 0.0008 - 0.007 5 13-Feb 56.46 

Offshore U 0.7339 1 0 2.68 12.05 0.0226 0.0127 - 0.040 79 45 - 141 29.82 
1U=uniform key. 

 

Although there were not enough Dall’s porpoise sightings to perform Distance 

analyses based on individual years, there is a slight negative trend in the number of 

sightings and individuals per year (Figure 11). 
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Fig.11. Number of sightings (solid line) and number of individual Dall’s 

porpoises (dashed line) per year of PSU surveys. 

 

The number of Dall’s porpoise sightings was also too low to warrant Distance 

analyses based on subunits.  Dall’s porpoise were never sighted in the majority of the 

subunits; the only subunits that did have Dall’s porpoise sightings are shown in Figure 

12.   
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Fig. 12.  PSU subunit number (bold) and number of Dall’s porpoise sightings (in parentheses) during 

years 2000 – 2008.   
 

 

3.4 Realized Core effort: 

The Friday Harbor field crew completed 23,711km of trackline from the years 1995 – 

2008.  Due to inconsistent effort, the survey area varied between years.  Surveyed 

area and transect length for the pooled analysis as well as individual analyses for each 

year and survey block, with corresponding number of samples and observations for 

harbor porpoise are shown in Table 7.  Surveyed area and transect length for 

individual core subunits, with corresponding number of samples and observations for 
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harbor porpoise are shown in Table 8.  During the entire study period, the total 

number of Dall’s porpoise observations was too small to warrant separate analyses 

based on individual years, subunits, and survey blocks.  Surveyed area and transect 

length with number of samples and observations for the Dall’s porpoise analysis 

based on pooled data from all years, subunits, and survey blocks are shown in Table 

9. 

 
Table 7.  Realized survey effort and area for all years combined, individual years and individual survey 

blocks with corresponding number of samples and observations for harbor porpoise. 

Analysis Effort (km) Area (km2) N Samples N Obs. 

1995 - 2008 23711 4742 2223 676 

1995 797 159 67 6 

1996 1190 238 112 14 

1997 1530 306 144 45 

1998 1482 296 141 25 

1999 2208 442 208 45 

2000 1020 204 96 17 

2001 2086 417 195 63 

2002 2210 442 208 70 

2003 1852 370 173 64 

2004 1870 374 176 56 

2005 1870 374 176 52 

2006 1870 374 176 62 

2007 1870 374 176 68 

2008 1870 374 176 89 
SB1 

(Apr. 22 - May 1) 510 102 48 4 
SB2 

(May 2 - 11) 680 136 64 13 
SB3 

(May 12 - 21) 1530 306 144 63 
SB4 

(May 22 - 31) 1530 306 144 82 
SB5 

(Jun. 1 - 10) 2040 408 192 85 
SB6 

(Jun. 11 - 20) 1808 362 171 61 
SB7 

(Jun. 21 - 30) 2357 471 219 66 
SB8 

(Jul. 1 - 10) 2148 430 201 47 
SB9 

(Jul. 11 - 20) 2216 443 206 63 
SB10 

(Jul. 21 - 30) 2186 437 205 34 
SB11 

(Jul. 31 - Aug. 9) 2320 464 217 34 
SB12 

(Aug. 10 - 19) 2280 456 214 47 
SB13 

(Aug. 20 - 29) 2106 421 198 77 
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Table 8.  Realized survey effort and area for individual primary core subunits with corresponding 
number of samples and observations for harbor porpoise. 

Analysis Effort (km) Area (km2) N Samples N Obs. 

CRAN 546 109 137 1 

DECA 3124 625 142 93 

JONE 828 166 138 36 

LOHA 560 112 140 3 

LOSE 1128 226 141 5 

LOSO 1350 270 135 6 

LOSW 1977 395 141 6 

ORNO 828 166 138 15 

ORSW 544 109 136 1 

ORSE 1128 226 141 85 

ORWE 1946 389 139 157 

SJNO 1668 334 139 57 

SJSE 2520 504 140 9 

SJSW 2502 500 139 59 

WALD 2240 448 140 140 

WASP 822 164 137 3 

 
 
 

Table 9.  Realized survey effort, area, number of samples and number of observations for analysis of all 
years combined Dall’s porpoise analysis. 

Analysis Effort (km) Area (km2) N Samples N Obs. 

1995 - 2008 23711 4742 2236 60 

 

3.5 Core harbor porpoise uncorrected density and abundance estimates: 

The density of harbor porpoises using pooled data from all years, survey blocks, and 

subunits was 0.159 (95% CI = 0.106 – 0.238) harbor porpoises/km2, which resulted in 

an abundance estimate of 81 (CV 19.97; 95% CI = 54 – 121) porpoises in the core 

survey area.  Bootstrap density and abundance estimates for the same period were 

0.179 (95% CI = 0.112 – 0.274) harbor porpoise/km2, with a corresponding 

abundance of 91 (CV 23.77; 95% CI = 57 - 140) harbor porpoise.  The detection 

curve used in the pooled analysis is shown in Figure 13; detection curves for other 

core harbor porpoise analyses can be seen in Appendix J. 
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Fig. 13.  Distance detection probability function for all replications, subunit, and years (1995 – 2008) 

of harbor porpoise sighted during core effort using uniform key model with cosine adjustment factors 1 
and 2.  Maximum perpendicular distance is truncated at 190m.  Number of sightings = 676. 

 

A plot of the abundance results from Distance shows the harbor porpoise abundance 

in 2003 to be significantly higher than every other year except 1995, 1997, 2007, and 

2008 (Figure 14) but there is no apparent trend visible.  Due to inconsistent effort 

during the study period, it was impossible to determine if the number of porpoises per 

replication and year was different for the entire study.  Effort was consistent for 

replications 5 - 13 in years 1997 – 1999 and 2001 – 2008.  Using cluster size as a 

proxy for abundance, the abundance of harbor porpoise significantly increased on a 

yearly basis (Kruskal-Wallis x2 = 19.4057, df = 10, p-value = 0.0354).   
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Fig. 14.  Distance abundance and 95% confidence intervals of harbor porpoise in individual years of 

core survey. 

 

When the years 1997 – 1999 were removed, differences in harbor porpoise abundance 

per year during core replications 5 – 13 from years 2001 – 2008 were not significant 

(Kruskal-Wallis x2 = 9.2068, df = 7, p-value = 0.2381).  Likewise, there was no 

difference in abundance per survey block within year from years 2001 – 2008 

(Kruskal-Wallis x2 = 5.1474, df = 8, p = 0.7417).  The general trend of harbor 

porpoise abundance per replication within a survey year during the same period of 

consistent effort suggests harbor porpoise abundance is greatest in late spring and 

early summer and slowly decrease as the summer progresses, however this trend is 

not significant (Kruskal-Wallis x2 = 9.5313, df = 8, p = 0.2995).  Specific information 

on models used, detection probability, densities and abundances for all years 

combined, individual years, and survey blocks is shown in Table 10.   
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Table 10.  Fitted detection function model, p-value from Kolmogorov-Smirnov goodness-of-fit test, 

estimated mean detection probability ( P̂ ),  P̂  percentage coefficient of variation, Estimated group 
size (E(s)) and E(s) percent coefficient of variation, estimated density (D) and abundance (N) with 95% 

confidence intervals and percent coefficient of variation for all years combined, individual years, and 
survey block harbor porpoise analyses.  Truncation distance for each analysis = 190m. 

Analysis Model1 K-S P P̂  P %CV E(s) E(s) %CV D D 95% CI N N 95% CI %CV 

1995 - 2008 U+cos(1,2) 0.0000 0.4905 3.81 1.57 1.90 0.159 0.1059 - 0.238 81 54 - 121 19.97 

1995 HN 0.0097 0.3047 28.85 1.50 14.91 0.099 0.0338 - 0.292 31 11 - 91 56.64 

1996 HN+cos(2) 0.0187 0.2622 30.17 1.39 15.79 0.165 0.0667 - 0.405 11 5 - 28 47.47 

1997 HN+cos(2,3) 0.0000 0.2551 12.72 1.31 6.33 0.398 0.2374 - 0.667 27 16 - 45 26.64 

1998 HN 0.2700 0.5263 16.39 1.72 9.80 0.145 0.0707 - 0.298 10 5 - 20 37.70 

1999 U+cos(1) 0.0011 0.5968 8.92 1.84 10.48 0.166 0.0957 - 0.287 11 7 - 20 28.47 

2000 U 0.0593 1.0000 0.00 1.35 10.87 0.059 0.0184 - 0.191 4 1 - 13 64.53 

2001 HN 0.8655 0.6055 11.23 1.47 5.98 0.192 0.1236 - 0.299 13 8 - 20 22.77 

2002 HN 0.1908 0.5967 10.01 1.81 6.37 0.253 0.1648 - 0.390 17 11 - 27 22.15 

2003 HN 0.5471 0.5989 10.75 1.69 6.31 0.299 0.1780 - 0.503 59 35 - 100 26.28 

2004 U+cos(1,2,3) 0.0001 0.4124 13.35 1.69 7.83 0.323 0.2108 - 0.495 22 14 - 34 21.90 

2005 U+cos(1) 0.3027 0.5101 7.57 1.60 8.12 0.226 0.1510 - 0.337 15 10 - 23 20.59 

2006 U+cos(1,2) 0.1466 0.4740 14.30 1.50 8.22 0.276 0.1824 - 0.418 19 12 - 28 21.26 

2007 HN+cos(2,3,4,5) 0.0027 0.3032 16.19 1.65 8.42 0.524 0.3312 - 0.828 36 23 - 56 23.56 

2008 HN+cos(2) 0.0000 0.4391 12.03 1.32 4.78 0.375 0.2615 - 0.538 26 18 - 37 18.49 
SB1 

(Apr. 22 - May 1) U 0.6936 1.0000 0.00 2.00 0.00 0.041 0.0136 - 0.125 3 1 - 9 59.67 
SB2 

(May 2 - 11) HN+cos(2) 0.4806 0.3514 43.28 1.48 19.54 0.212 0.0683 - 0.658 14 5 - 45 60.52 
SB3 

(May 12 - 21) U+cos(1,2) 0.0040 0.4959 14.41 1.97 7.36 0.421 0.2655 - 0.667 57 36 - 91 23.71 
SB4 

(May 22 - 31) HN+cos(2) 0.0139 0.3969 11.39 1.55 5.94 0.574 0.3537 - 0.931 78 48 - 127 24.84 
SB5 

(Jun. 1 - 10) HN+cos(2) 0.0022 0.3867 10.88 1.49 7.81 0.423 0.2663 - 0.672 58 36 - 91 23.84 
SB6 

(Jun. 11 - 20) U+cos(1) 0.0754 0.6282 9.46 1.27 5.16 0.204 0.1231 - 0.337 40 24 - 67 25.45 
SB7 

(Jun. 21 - 30) U+cos(1) 0.0966 0.6133 8.66 1.61 7.83 0.160 0.1037 - .248 31 20 - 48 22.38 
SB8 

(Jul. 1 - 10) HN+cos(2) 0.0015 0.3581 12.70 1.34 7.03 0.208 0.1134 - 0.382 38 20 - 69 30.77 
SB9 

(Jul. 11 - 20) U+cos(1) 0.0049 0.5396 5.80 1.70 7.49 0.178 0.1254 - 0.253 34 24 - 49 17.94 
SB10 

(Jul. 21 - 30) HN+cos(2) 0.0247 0.4998 23.21 1.56 10.56 0.110 0.0541 - 0.223 21 11 - 43 36.95 
SB11 

(Jul. 31 - Aug. 9) HN 0.6493 0.6610 15.71 1.30 7.26 0.067 0.0390 - 0.114 11 7 - 19 27.51 
SB12 

(Aug. 10 - 19) U+cos(1) 0.0637 0.5641 7.06 1.55 7.54 0.159 0.0898 - 0.281 27 15 - 48 27.75 
SB13 

(Aug. 20 - 29) HN+cos(2) 0.0001 0.4582 13.10 1.84 6.80 0.333 0.2174 - 0.511 54 35 - 83 21.98 
1HN=half normal key; U=uniform key; cos(a,b,c,d,e)=cosine adjustment terms of order a, b, c, d, e.   

 

Spatially, the sixteen different subunits fell into three different groups with similar 

densities and abundances.  Densities and abundances from subunits ORWE, ORSE, 

WALD, and ORNO were noticeably higher than all other groups with an average 

density of 0.48 harbor porpoises per km2.  Subunits SJSW, SJSE, DECA, JONE, and 

SJNO had an average density of 0.094 harbor porpoises per km2, and subunits ORSW, 
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LOSW, CRAN, WASP, LOHA, LOSE, and LOSO had an average density of 0.0064 

harbor porpoises per km2 (Figure 15).  Individual densities and abundances as well as 

information surrounding the models used in each analysis are shown in Table 11.  

Bootstrap results for all analyses were similar to the results from individual analyses 

(Appendix F).   

 

 
Fig. 15.  Distance estimates of harbor porpoise density per km2 in individual core subunits using data 
pooled from 1995 – 2008.  Blue dots represent subunit start/end points.  Light blue shading represents 

water depths less than 60 feet/18.5 meters. 
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Table 11.  Fitted detection function model, p-value from Kolmogorov-Smirnov goodness-of-fit test, 

estimated mean detection probability ( P̂ ),  P̂  percentage coefficient of variation, Estimated group 
size (E(s)) and E(s) percent coefficient of variation, estimated density (D) and abundance (N) with 95% 

confidence intervals and percent coefficient of variation for individual primary core transect harbor 
porpoise analyses.  Truncation distance for each analysis = 190m. 

Analysis Model1 K-S P P̂  P %CV E(s) %CV D D 95% CI N N 95% CI %CV 

CRAN HN n/a 1.0000 n/a 2.00 0.00 0.004 0.0005 - 0.032 1 0 - 10 141.42 

DECA U+cos(1,2) 0.0040 0.4086 7.91 1.78 7.46 0.106 0.0764 - 0.148 51 37 - 71 16.82 

JONE HN 0.3680 0.7726 17.85 1.72 6.79 0.108 0.0649 - 0.179 35 21 - 59 26.14 

LOHA U+cos(1) 0.8384 0.5000 73.37 1.33 25.00 0.014 0.0019 - 0.103 6 1 - 41 96.52 

LOSE U 0.2957 1.0000 0.00 1.60 15.31 0.006 0.0024 - 0.014 3 1 - 7 46.45 

LOSO U 0.5878 1.0000 0.00 1.17 14.29 0.010 0.0044 - 0.022 2 1 - 4 42.57 

LOSW U 0.0996 1.0000 0.00 1.50 14.91 0.004 0.0017 - 0.009 2 1 - 4 41.86 

ORNO U 0.2365 1.0000 0.00 1.93 17.09 0.376 0.2600 - 0.545 117 81 - 170 17.56 

ORSW HN n/a 1.0000 n/a 1.00 0.00 0.002 0.0004 - 0.012 1 0 - 4 100.00 

ORSE HN+cos(2) 0.0004 0.4869 12.92 1.52 6.85 0.515 0.3768 - 0.703 219 160 - 299 15.89 

ORWE U+cos(1,2) 0.0000 0.4122 6.38 1.53 3.94 0.603 0.5067 - 0.718 258 216 - 307 8.88 

SJNO HN 0.2115 0.6286 12.12 1.88 6.68 0.169 0.1230 - 0.231 76 55 - 104 16.10 

SJSE U 0.2700 1.0000 0.00 2.00 11.79 0.044 0.0330 - 0.058 21 16 - 27 12.86 

SJSW HN+cos(2) 0.4860 0.5406 19.20 1.14 5.48 0.043 0.0228 - 0.081 19 10 - 35 32.74 

WALD U+cos(1,2) 0.0001 0.4952 8.86 1.54 5.39 0.410 0.3247 - 0.518 166 131 - 209 11.92 

WASP U 0.6621 1.0000 0.00 1.00 0.00 0.005 0.0016 - 0.012 1 1 - 4 56.78 
1HN=half normal key; U=uniform key; cos(a,b,c,d,e)=cosine adjustment terms of order a, b, c, d, e.  

n/a=no result due to sample size of 1. 

 

3.6 Core Dall’s porpoise uncorrected density and abundance estimates: 

The density of Dall’s porpoises using pooled data from all years, replications, and 

subunits was 0.0143 (95% CI = 0.0052 – 0.040) Dall’s porpoises/km2, which resulted 

in an abundance estimate of 7 (CV = 50.39; 95% CI = 3 – 20) Dall’s porpoise.  

Bootstrap density and abundance estimates for the same period were 0.0132 (95% CI 

= 0.0037 – 0.031) Dall’s porpoise/km2, with a corresponding abundance of 7 (CV 

54.89; 95% CI = 2 - 16) Dall’s porpoise.  The detection function used for this analysis 

is shown in Figure 16. 
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Fig. 16.  Distance detection probability function for all replicates, subunits, and years (1995 – 2008) of 
Dall’s porpoise sighted during core effort using the half-normal key model with cosine adjustment 2.  

Maximum perpendicular distance is truncated at 190m.  Number of sightings = 60. 

 

Separate density and abundance analyses for individual years, replications, and 

subunits were not completed due to the small overall sample size but the raw data 

does suggest possible trends.  While Dall’s porpoise were not commonly sighted 

during most years, 23% of all sightings came from 1999 and 38% of all sightings 

came from 2000.  There were sightings in every year from 1995 – 2001 with the 

highest numbers of Dall’s porpoise coming from 1999 (N = 34) and 2000 (N = 60).  

After 2002 there were only two sightings in both 2004 and 2006.  Aside from a peak 

in sightings and individuals around 1999 and 2000, there is no overall trend visible 

from the plot of the number of sightings and individuals seen per year (Figure 17).   
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Fig. 17. Number of sightings (solid line) and number of individual Dall’s 

porpoises (dashed line) per year of core surveys. 
 

 

Sighting rates also varied between transects.  Of the 60 sightings utilized for the 

pooled density and abundance estimates, 29 came from transect SJSW, 11 from 

ORWE, and 10 from WALD.  The remaining 10 sightings came from subunits DECA 

and JONE with three sightings each, and subunits LOSO, ORNO, SJSE, and SJNO 

with one sighting each.  Dall’s porpoise were never sighted in subunits CRAN, 

LOHA, LOSE, LOSW, ORSE, ORSW and WASP (Figure 18). 

 

0

10

20

30

40

50

60

70

80

C
R
A
N

D
E
C
A

JO
N
E

L
O
H
A

L
O
S
E

L
O
S
O

L
O
S
W

O
R
N
O

O
R
S
E

O
R
S
W

O
R
W
E

S
JN
O

S
JS
E

S
JS
W

W
A
L
D

W
A
S
P

Core subunit

N
u

m
b

e
r
 o

f 
D

a
ll
's

 p
o

r
p

o
is

e

 
Fig. 18.  Total number of Dall’s porpoise encountered in each core subunit from 1995 – 2008. 
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The number of sightings per survey block was similarly low throughout the year, 

suggesting there is no difference in Dall’s porpoise density or abundance within a 

survey year.  Further information about the Dall’s porpoise density and abundance 

estimate is shown in Table 12; the bootstrap results from this analysis are shown in 

Appendix G.   

 
Table 12.  Fitted detection function model, p-value from Kolmogorov-Smirnov goodness-of-fit test, 

estimated mean detection probability ( P̂ ), P̂  percentage coefficient of variation, estimated group size 
(E(s)) and E(s) percent coefficient of variation, estimated density (D) and abundance (A) with 95% 
confidence intervals and percent coefficient of variation for Dall’s porpoise analysis pooled over all 

years, subunits, and replications.  Truncation distance = 190m. 

Analysis Model1 K-S P P̂  P %CV E(s) E(s) %CV D D 95% CI N 
N 95% 

CI %CV 

1995 - 2008 HN+cos(2) 0.0806 0.5333 17.81 2.05 7.19 0.0143 0.0052 - 0.040 7 3 - 20 50.39 
1HN=half normal key; cos(x)=cosine adjustment terms of order x. 

 

 

3.7 Comparison between harbor porpoise abundance from core and PSU surveys in 

the San Juan Islands: 

Due to the different temporal scales, survey methods used, and areas covered by the 

two survey types, it is difficult to directly compare the results from the core survey 

and PSU surveys.  A rough comparison can be made by separating the PSU surveys 

specific to the San Juan Islands (Region 2 PSUs 1, 3, 6, 8, 11, 14, 15, 17, 22, 23, and 

42) from the rest of the state-wide coverage and comparing the results to all of the 

core surveys from the same period.  Using cluster sizes from the raw data as a proxy 

for abundance, the years 2000 – 2008 of the San Juan Islands – specific PSU surveys 

were analyzed apart from the rest of the PSU surveys.  The differences in harbor 

porpoise abundance between years was not significant (Kruskal-Wallis x2 = 6.4037, df 

= 8, p = 0.6021).  The difference in abundance between the two survey blocks was not 

significant (Kruskal-Wallis x2 = 0.6821, df = 1, p = 0.4089), and the differences 

between abundances in each component were also not significant (Kruskal-Wallis x2 

= 15.2025, df = 18, p = 0.648).  The previously – mentioned differences in harbor 
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porpoise abundances between years and survey blocks during core surveys from 2001 

– 2008 were also not significant.  A finer-scale comparison between the two survey 

types can be made by looking at the three PSU and core subunits that cover 

comparable parts of the San Juan Islands.  The nearshore component of Region 2 PSU 

01 (01Nr2) and core subunit SJNO both cover the northeast shoreline of San Juan 

Island.  The nearshore component of Region 2 PSU 08 (08Nr2) and core subunit 

ORSE both cover the southeast shoreline of Orcas Island.  The nearshore component 

of Region 2 PSU 06 (06Nr2) and core subunits LOSE, LOSO, and LOSW cover the 

southern coastline of Lopez Island.  Comparing the densities of these three groupings 

shows no significant difference between PSU and core subunits in the same general 

area (Figure 19). 

 

 
Fig. 19.  Distance density comparisons (N animals/km2) between Region 2 PSU and core subunits in 

the San Juan Islands. 
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4. DISCUSSION: 

4.1 Temporal trends in harbor and Dall’s porpoise density and abundance estimates: 

The Distance estimates of density and abundance from the PSU and core surveys 

suggest that from 2000 – 2008, harbor porpoise density and abundance have been 

constant in the inside waters of Washington State.  Although there are occasional 

yearly fluctuations, there are no significant trends in density or abundance for the 

majority of the areas covered by PSU and core survey effort from the years 2000 – 

2008.  When the cluster sizes are used as a proxy for abundance, there has been a 

significant increase in harbor porpoise abundance from 1997 – 2008 in the area 

covered by the core survey in the San Juan Islands, however this increase is not 

significant when looking at years 2001 – 2008 of the core survey.  Although the 

temporal and spatial scales used in the PSU and core surveys make it impossible to 

make a direct comparison between the two survey types, the Distance results for both 

survey types in the San Juan Islands are not significantly different.  The difference 

between density estimates from the pooled PSU analysis and the pooled core analysis 

was also not significant. 

 

With the exception of the core survey in 1999 and 2000, Dall’s porpoise were rarely 

encountered during PSU and core effort.  The small number of samples during PSU 

effort prohibited separate analyses for each year; however there is a slight negative 

trend in the number of sightings and number of individuals seen since 2000.  There 

were few Dall’s porpoise sightings during core effort which also prohibited separate 

analyses for each year but the negative trend visible in the PSU survey is also seen in 

the core survey since the peak in sightings and individuals in 2000.  Interestingly, 

there was an increasing trend in Dall’s porpoise sightings and numbers during core 
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effort from 1995 – 2000 but since 2001, Dall’s porpoise have been rarely sighted in 

all surveyed areas. 

 

Although there were data collected in 14 consecutive years for the core survey and 

eight consecutive years for the PSU survey, the data collection period for both survey 

types within a year was designed around marbled murrelet egg incubation and chick 

rearing stages and there was no effort outside of this time period.  PSU effort was 

limited to May – July of every year, with core effort occasionally beginning in April 

but most commonly beginning in early May and extending into late August.  

Coincidentally, in the adjacent waters off of southern Vancouver Island, British 

Columbia, Hall (2004) found the highest harbor porpoise encounter rates from August 

– October, with “medium” encounter rates for April – July.  This time of consistently 

“medium” encounter rates coincides with the late spring – early summer season 

utilized by the PSU and core surveys, therefore it is not surprising that there were no 

significant differences in harbor porpoise densities or encounter rates in the two 

replications within a year of PSU effort or the 13 replications within a year of core 

effort.   

 

There are major factors that must be addressed when looking at the reliability of the 

density and abundance estimates for all analyses.  One is the fact that for all analyses, 

the assumption that everything on the trackline is detected was detected (g(0) = 1) was 

certainly violated, although due to logistical constraints of the survey vessels used, it 

was impossible to determine what the actual g(0) value for this study should have 

been.  While there were recent estimates of g(0) for both species (Palka, 2006; Barlow 

and Forney, 2007), both of them were obtained from large vessels with eye heights 
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around 10m+, which are not comparable to the 2m eye height of this study.  Another 

factor is that the assumption that the observed porpoises exhibited no responsive 

movement before they were recorded.  The observed spike around the trackline shown 

in the PSU and core detection functions for harbor porpoise may indicate vessel 

attracted movement, however harbor porpoise are generally thought to either be 

indifferent to vessel presence (A. Hall, pers. comm., A. Ü, pers. obs.) or avoid them 

(Palka and Hammond, 2001).  A line-transect study of multiple cetacean species in 

British Columbia showed no evidence of harbor porpoise showing attractive 

movement towards the survey vessel (Williams and Thomas, 2007).  Line transect 

studies often use animal heading relative to the ship and/or behavior at first sighting to 

help determine if the animal was reacting to the vessel (Williams and Thomas, 2007).  

This study recorded the behavior of marbled murrelets at the time of first sighting, but 

headings and/or behavior were not recorded for any other species, including 

cetaceans.  

   

Caution should also be used when looking at density and abundance estimates from 

any analysis with less than 60 observations, as this is the minimum recommended 

amount of sightings per stratum suggested by the Distance program authors (Thomas 

et al. 2009).  This includes most of the individual subunits of both survey types as 

well as a portion of the years and replications of the core surveys.  It is also important 

to consider that when the core survey was designed, the intent was for all subunits to 

be analyzed as a single entity with densities based on the combined survey length, not 

individual subunit length (T. Bloxton, pers. comm.). This was done for the analysis 

with all years, replications, and subunits pooled, as well as the individual year 

analyses, however without looking at subunits individually it would have been 
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impossible to look at habitat use within the core survey area.  Even though many of 

the subunits had fewer than the 60 recommended observations for robust density and 

abundance estimates from Distance, leading to statistically suspect results, 

ecologically it is quite apparent that both species are not equally distributed within the 

core survey area.   

 

4.2 Harbor and Dall’s porpoise spatial trends: 

Harbor porpoise showed patterns of preferential habitat use that were consistent 

throughout the study period.  These areas may be “critical habitat” for the species 

during the summer months.  Hanson (2007) found that harbor porpoise tagged in the 

northern San Juan Islands moved between Presidents Channel and the waters of 

southern Georgia Strait, often moving in conjunction with tidal fronts.  This 

association with areas of increased dynamic properties is also shown for harbor 

porpoise in the Bay of Fundy (Johnston et al. 2005) and on the west coast of Scotland 

(Embling, 2007).  The highest density of harbor porpoise recorded by this study was 

in PSU 42, which occupies the particularly dynamic waters surrounding Sucia and 

Matia Islands and lies directly in between Presidents Channel and Georgia Strait. Five 

of the six highest densities found in core subunits (ORWE, WALD, SJNO, ORNO, 

and JONE) occupied the northern, southern, western, and eastern edges of Presidents 

Channel.  Hanson (2007) also showed that harbor porpoise tagged in the central Strait 

of Juan de Fuca (PSU Region 1) generally stayed within the area and only rarely 

strayed into the waters outside of the mouth of the strait, supporting the separation 

between the Inland Waters stock and the Oregon/Washington stock shown by studies 

such as Chivers et al. (2002) and Carretta et al. (2007).  Given the lack of mixing 

between the two stocks, it is likely that the areas shown by this study to have 
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consistently high densities of harbor porpoise are indeed important areas for the 

harbor porpoise of the Inland Waters of Washington stock.  Dall’s porpoise were also 

more frequently encountered in certain PSU and core subunits, but the overall lack of 

sightings during both PSU and core effort makes labeling these areas as “critical 

habitat” dubious.   

 

It is important to consider the habitat preferences of harbor and Dall’s porpoise when 

looking at the spatial trends shown for each species.  Physical characteristics such as 

water depth and slope have been shown to influence cetacean distribution (Jaquet et 

al. 1996, Griffin 1999, Jaquet and Gendron 2002).  Baird and Guenther (1994) noted 

that in the Marine Mammal Research Group sighting records for both species from 

1987-1992, harbor porpoises are more often found in shallow shelf areas between 10 

and 100m deep, while there are few reports of Dall’s porpoises in waters less than 

50m.  A recent study on cetacean habitat use on the outer Washington coast by Oleson 

et al. (2009) also indicates a higher likelihood of sighting harbor porpoise in 

shallower waters closer to shore than Dall’s porpoise, which were present in all of the 

surveyed areas but were more frequently sighted in deeper waters farther from shore.  

This preference for deeper water may partially explain why harbor porpoise are 

commonly seen and Dall’s porpoise are so rarely seen during surveys designed to 

detect marbled murrelets, who show a preference for shallower waters within 2 

kilometers of the shoreline (Carter and Sealy 1990, Strachan et al. 1995).  The 

difference between the nearshore and offshore components in the PSU surveys was 

statistically significant, suggesting the fact that 31 of the 36 analyzed sightings came 

from offshore components is a result of Dall’s porpoise preference of offshore waters, 

where depths are often deeper.   



 51 

The murrelet survey design is biased towards nearshore environments in order to 

maximize murrelet encounters.  This nearshore bias may be one reason harbor 

porpoise were seen more commonly than Dall’s porpoise, but there may be other 

factors responsible for the different sighting rates of the two species.  Even though 

Dall’s porpoise were encountered offshore more commonly than they were in 

nearshore components during PSU effort, there are known Dall’s porpoise hotspots in 

the inside waters of Washington that were never surveyed as a result of the random 

selection of individual PSU subunits before the PSU effort began.  Specifically, it is 

unfortunate that there was no PSU effort along the west side of San Juan Island and 

neither PSU nor consistent core effort around Turn Point on the west side of Stuart 

Island, as both of these areas have historically had high densities of Dall’s porpoise 

(Baird and Guenther, 1994; B. Hanson, pers. comm.; A. Ü, pers. obs.) and both of 

these areas have deep water quite close to shore.  There was core effort along the west 

side of San Juan Island (transect SJSW), which provided nearly half of all Dall’s 

porpoise sightings during core effort.  Hanson (2007) noted that when compared to 

the behavior of tagged harbor porpoise, Dall’s porpoise tagged in Haro Strait (near 

transect SJSW) showed similar tendencies of site fidelity but had slightly larger 

ranges, often moving into the central Strait of Juan de Fuca.  The central Strait of Juan 

de Fuca is an area covered by Region 1 PSU subunits 02 and 03, both of which have 

relatively high Dall’s porpoise encounter rates.  Also of interest is STUA, a secondary 

core transect along the west side of Stuart Island that was occasionally completed in 

the early years of core effort and always had Dall’s porpoise sightings. Unfortunately, 

determining if the high Dall’s porpoise sighting rate on transect STUA was consistent 

or anomalous was impossible since there were only a few replications of that transect.  
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In this study, Dall’s porpoise were most commonly seen on core transect SJSW, 

which runs parallel to the west side of San Juan Island in Haro Strait.  This region has 

deep water close to shore for much of its length and has historically been a Dall’s 

porpoise hotspot (Baird and Guenther, 1994).  Other transects that had deep water 

close to shore such as ORWE and WALD were more likely to have Dall’s porpoise 

sightings, as were offshore components of Region 1 PSU surveys 2 and 3.  Harbor 

porpoise were also sighted on these transects however they were also commonly 

sighted on transects that took place in areas with relatively shallow water, where no 

Dall’s porpoise were seen.  During PSU effort, Dall’s porpoise were seen in 11 

offshore components compared to only five nearshore components, supporting other 

studies’ findings showing the species preference for deeper waters. 

 

A possible explanatory factor surrounding the different habitat preferences for Dall’s 

and harbor porpoises is niche segregation, which can be found by looking at preferred 

prey species of each porpoise.  Results based on a preliminary study on stomach 

samples collected from stranded or dead harbor and Dall’s porpoise from the inside 

waters of Washington and southern Vancouver Island show considerable overlap in 

prey species between Dall’s and harbor porpoise. However, the lack of any lanternfish 

(family Myctophidae) in harbor porpoise stomachs and greater number of gonatid 

squid in Dall’s porpoise stomachs suggest that Dall’s porpoise spend more time 

foraging in deeper water than harbor porpoise (Walker et al. 1998).   

 

The density and abundance estimates of this study were considerably lower than the 

most recent stock assessments effort done in the past (Carretta et al. 2007), however 

this may be an artifact of the smaller spatial scale used in this study compared to the 
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complete state-wide coverage of the stock assessments.  Neither type of murrelet 

survey offers complete coverage of the inside waters of Washington and both 

specifically avoid waters farther offshore than 5000m (PSU region 1), 2000m (PSU 

region 2 and 3), or 500m (core survey), as these are areas where the likelihood of 

encountering murrelets is extremely low.  Compared to the murrelet effort from which 

this study was based, the previously mentioned aerial and vessel-based stock 

assessments for porpoise in the inside waters of Washington (Calambokidis et al. 

1993; Osmek et al. 1995; Hall, 2004; Carretta et al. 2007) generally have had more 

appropriate spatial coverage, however the effort on a temporal scale is smaller (a few 

weeks of effort taking place every few years) compared to the many months of effort 

in consecutive years of the murrelet study.  The assumption that every animal present 

on the trackline was seen was certainly violated, which would also lead to a 

negatively biased abundance estimation.   

   

5. CONCLUSION: 

The results of this study are not intended to be directly comparable to a MMPA stock 

assessment for either harbor or Dall’s porpoise in the inside waters of Washington 

State.  The results are best viewed in the context of helping to “fill in the gaps” 

between the years of dedicated porpoise stock assessment studies, as well as offering 

a look into summertime habitat use by harbor and Dall’s porpoise in the inside waters 

of Washington State.  In addition to highlighting areas with consistent high densities 

for harbor porpoise that may compose “critical habitat” for the species – specifically 

the waters around Sucia and Matia Islands (PSU 42) and Presidents Channel in the 

San Juan Islands – the results confirm the rarity of harbor porpoise sightings in 

southern Puget Sound and Hood Canal during recent years.  Considering the habitat 
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covered by many of the PSU and core subunits is often heterogeneous, it may be 

possible to explain take the analysis of critical habitat to an even finer scale by 

looking at density and abundance in specific core segments and PSU zig-zags within 

the core and PSU subunits instead of looking at density and abundance at the subunit 

level.  Further explanation of preferential habitat use could be obtained by using 

spatial modeling techniques such as those described Johnston et al. (2005), Hauser et 

al. (2006), and Embling (2007). 

 

It is not surprising that surveys designed to maximize detections of murrelets led to 

few sightings of Dall’s porpoises given the different habitat preferences of the two 

species.  However, the fact that there were enough sightings of harbor porpoise to 

conduct robust abundance estimates is encouraging for managers and conservationists 

that are tasked with assessing the status of multiple species with limited budgets.  This 

study should be considered a valuable example of using a survey designed for a 

“strategic” species to conduct a cost-effective density and abundance estimation of 

another, “non-strategic” species that shares similar habitat, yet is poorly understood 

and only receives minimal attention.  It is recommended that future studies dedicated 

to marine fauna in the inside waters of Washington attempt to incorporate the spatial 

coverage in all areas offered by the NMML and CRC aerial surveys and the temporal 

coverage of the USFS murrelet surveys in order to provide multi-species abundance 

estimates from a single platform.  Furthermore, since small vessels are often the only 

platform available for line-transect cetacean surveys conducted on a limited budget 

(Williams and Thomas, 2009), dedicated effort to obtain naked eye/small vessel-based 

g(0) values for common species such as harbor porpoise would provide greater 

accuracy when estimating density and abundance. 
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8. Appendices: 

 
Appendix A.  Realized survey effort and area for all PSU subunits with 15 or less observations of 

harbor porpoise. 

Analysis Effort (km) Area (km2) N Samples N Obs. 

23Or2 213 198 18 15 

05Or1 276 1226 18 14 

08Or1 301 929 18 14 

32Or2 398 376 18 14 

01Nr2 345 135 18 10 

11Or2 278 257 18 10 

32Nr2 404 160 18 10 

42Nr2 391 155 18 9 

02Nr1 362 436 18 8 

11Nr2 377 153 18 8 

02Or1 287 1166 18 7 

06Or1 326 1040 18 6 

03Nr2 379 157 18 5 

23Nr2 285 119 18 5 

03Or1 266 1163 18 4 

05Nr1 353 414 18 4 

25Or2 490 470 18 4 

32Or3 360 423 18 4 

06Nr1 375 526 18 3 

06Nr2 407 176 18 2 

15Or2 216 207 18 2 

34Nr2 363 144 18 2 

23Or3 360 637 18 2 

15Nr2 387 171 18 1 

27Nr2 356 142 18 1 

34Or2 290 283 18 1 

36Nr2 339 133 18 1 

13Or3 360 727 18 1 

25Or3 360 387 18 1 

41Or3 360 286 18 1 

03Nr1 354 423 18 0 

14Nr2 357 162 18 0 

14Or2 196 171 18 0 

17Nr2 373 164 18 0 

17Or2 123 121 18 0 

25Nr2 496 196 18 0 

26Nr2 364 146 18 0 

26Or2 250 212 18 0 

27Or2 420 392 18 0 

31Nr2 366 121 18 0 

35Nr2 306 137 18 0 

35Or2 397 414 18 0 

36Or2 166 137 18 0 

38Nr2 351 140 18 0 

38Or2 385 337 18 0 
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Appendix B.  Fitted detection function model, p-value from Kolmogorov-Smirnov goodness-of-fit test, 

estimated mean detection probability ( P̂ ),  P̂ percentage coefficient of variation, estimated group size 
(E(s)) and E(s) percent coefficient of variation, estimated density (D) and abundance (N) with 95% 
confidence intervals and percent coefficient of variation for individual PSU subunit analyses for harbor 
porpoise not shown in the body of this report.  Truncation distance for each analysis = 190m. 

Analysis Model1 K-S P P̂  P % CV E(s) E(s) %CV D D 95% CI N N 95% CI %CV 

08Nr1 U+cos(1) 0.5447 0.7439 16.29 1.20 7.02 0.386 0.2413 - 0.618 462 289 - 740 23.78 

08Nr2 U+cos(1) 0.5447 0.7439 16.29 1.20 7.02 0.386 0.2413 - 0.618 462 289 - 740 23.78 

32Or2 HN+cos(2) 0.0296 0.3873 23.50 1.57 17.29 0.375 0.1700 - 0.828 449 203 - 991 40.68 

02Nr1 U+cos(1) 0.9324 0.5000 22.21 2.22 13.88 0.247 0.0709 - 0.861 207 59 - 722 66.25 

08Or1 U+cos(1) 0.4599 0.6500 17.60 1.29 9.75 0.242 0.1010 - 0.581 203 85 - 487 44.73 

01Nr2 HN 0.9961 0.5007 25.13 1.50 14.91 0.229 0.0927 - 0.563 273 111 - 673 46.46 

05Or1 U 0.3404 1.0000 0.00 1.50 9.25 0.200 0.0926 - 0.434 168 78 - 364 38.19 

11Or2 U 0.4421 1.0000 0.00 1.70 24.88 0.161 0.0495 - 0.525 193 59 - 628 61.99 

11Nr2 U+cos(1) 0.7486 0.5000 37.03 1.26 14.27 0.141 0.0344 - 0.575 168 41 - 688 77.25 

02Or1 U 0.4306 1.0000 0.00 2.00 28.87 0.129 0.0441 - 0.375 108 37 - 315 55.56 

42Nr2 HN 0.4417 0.5877 32.79 1.22 12.03 0.126 0.0489 - 0.324 151 58 - 388 48.44 

05Nr1 U+cos(1) 0.4244 0.5000 85.20 1.50 33.33 0.090 0.0110 - 0.728 75 9 - 611 120.02 

23Nr2 U 0.3235 1.0000 0.00 1.60 25.00 0.074 0.0256 - 0.212 88 31 - 254 54.31 

32Or3 U+cos(1) 0.5360 0.5000 78.16 1.25 20.00 0.073 0.0105 - 0.508 107 15 - 740 99.45 

03Nr2 U 0.4171 1.0000 0.00 1.80 32.39 0.063 0.0202 - 0.194 75 24 - 232 58.42 

03Or1 U 0.3373 1.0000 0.00 1.50 33.33 0.059 0.0167 - 0.211 50 14 - 177 66.48 

15Or2 U 0.7118 1.0000 0.00 2.00 50.00 0.049 0.0084 - 0.281 58 10 - 336 84.95 

06Or1 U 0.4446 1.0000 0.00 1.00 n/a 0.048 0.0203 - 0.115 41 17 - 97 42.92 

06Nr1 U 0.4019 1.0000 0.00 2.00 0.00 0.042 0.0145 - 0.122 35 12 - 102 53.83 

25Or2 U 0.7797 1.0000 0.00 1.75 42.86 0.038 0.0085 - 0.167 45 10 - 200 80.62 

27Nr2 HN n/a 1.0000 n/a 3.00 0.00 0.022 0.0038 - 0.128 27 5 - 154 100.05 

06Nr2 U 0.9804 1.0000 0.00 1.50 33.33 0.019 0.0045 - 0.083 23 5 - 99 75.82 

23Or3 U 0.8702 1.0000 0.00 1.00 n/a 0.015 0.0039 - 0.054 21 6 - 79 68.6 

25Or3 HN n/a 1.0000 n/a 2.00 0.00 0.015 0.0025 - 0.085 21 4 - 123 100 

34Nr2 U 0.5022 1.0000 0.00 1.00 n/a 0.015 0.0039 - 0.054 17 5 - 65 68.77 

15Nr2 U n/a 1.0000 n/a 2.00 0.00 0.014 0.0023 - 0.080 16 3 - 95 100.25 

34Or2 HN n/a 1.0000 n/a 1.00 n/a 0.009 0.0016 - 0.053 11 2 - 63 99.9 

36Nr2 HN n/a n/a n/a n/a n/a 0.008 0.0013 - 0.045 9 2 - 54 99.99 

13Or3 HN n/a 1.0000 n/a 1.00 n/a 0.007 0.0013 - 0.042 11 2 - 62 100 

41Or3 HN n/a 1.0000 n/a 1.00 n/a 0.007 0.0013 - 0.042 11 2 - 62 100 

03Nr1 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

14Nr2 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

14Or2 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

17Nr2 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

17Or2 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

25Nr2 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

26Nr2 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

26Or2 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

27Or2 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

31Nr2 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

35Nr2 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

35Or2 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

36Or2 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

38Nr2 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

38Or2 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
1HN=half normal key; U=uniform key; cos(a,b,c,d,e)=cosine adjustment terms of order a, b, c, d, e.  
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Appendix C.  Bootstrap values for harbor porpoise analyses in individual PSU subunits. 

Analysis bs E(s) bs E(S) %CV bs D bs D 95% CI bs N bs N 95% CI bs %CV 

02Nr1 2.07 20.73 0.0203 0 - 0.509 202 0 - 427 57.45 

02Or1 1.92 24.59 0.2537 0.0185 - 0.902 213 15 - 757 94.35 

03Nr1 n/a n/a n/a n/a n/a n/a n/a 

03Or1 1.42 24.21 0.1731 0 - 1.580 145 0 - 1326 198.89 

05Nr1 1.28 20.83 0.0765 0 - 0.195 64 0 - 164 84.21 

05Or1 1.49 10.36 0.2714 0.0664 - 0.544 227 56 - 456 46.77 

06Nr1 1.96 10.61 0.0400 0 - 0.086 34 0 - 72 54.89 

06Or1 1 0.00 0.0590 0.0093 - 0.137 50 8 - 115 52.49 

08Nr1 1.28 10.27 0.4392 0.2400 - 0.791 526 287 - 946 35.72 

08Or1 1.26 13.91 0.3053 0.0630 - 0.623 256 53 - 523 58.81 

01Nr2 1.48 12.46 0.2593 0.0380 - 0.739 310 45 - 884 69.83 

01Or2 1.48 13.39 0.6542 0.3275 - 1.115 783 392 - 1334 30.45 

03Nr2 1.84 36.82 0.0080 0.0138 - 0.165 96 16 - 197 142.38 

03Or2 1.39 17.41 0.4679 0.2002 - 0.794 560 240 - 950 32.24 

06Nr2 1.45 27.29 0.2596 0 - 0.092 31 0 - 110 86.09 

06Or2 1.69 11.09 0.4763 0.1921 - 0.827 570 230 - 990 34.80 

08Nr2 1.28 10.27 0.4392 0.2400 - 0.791 526 287 - 946 35.72 

08Or2 1.24 7.39 0.7354 0.4150 - 1.147 880 497 - 1373 26.19 

11Nr2 n/a n/a n/a n/a n/a n/a n/a 

11Or2 1.66 25.59 0.3932 0.0094 - 2.623 470 11 - 3139 217.85 

14Nr2 n/a n/a n/a n/a n/a n/a n/a 

14Or2 n/a n/a n/a n/a n/a n/a n/a 

15Nr2 1.65 28.97 0.0137 0 - 0.042 16 0 - 51 94.75 

15Or2 1.88 40.66 0.2520 0 - 1.982 301 0 - 2372 252.34 

17Nr2 n/a n/a n/a n/a n/a n/a n/a 

17Or2 n/a n/a n/a n/a n/a n/a n/a 

22Nr2 1.71 13.89 0.8991 0.3199 - 1.758 1076 383 - 2104 40.72 

22Or2 1.47 6.04 1.0059 0.4842 - 2.021 1204 579 - 2419 37.41 

23Nr2 1.61 28.41 0.1047 0.0096 - 0.276 125 12 - 330 66.81 

23Or2 1.51 14.79 0.8192 0.3585 - 1.521 980 429 - 1820 35.57 

25Nr2 n/a n/a n/a n/a n/a n/a n/a 

25Or2 1.66 35.58 0.0375 0 - 0.100 45 0 - 120 75.75 

26Nr2 n/a n/a n/a n/a n/a n/a n/a 

26Or2 n/a n/a n/a n/a n/a n/a n/a 

27Nr2 2.27 42.34 0.0023 0 - 0.067 27 0 - 80 98.53 

27Or2 n/a n/a n/a n/a n/a n/a n/a 

31Nr2 n/a n/a n/a n/a n/a n/a n/a 

31Or2 1.27 11.37 0.5751 0.1615 - 1.229 688 193 - 1470 50.59 

32Nr2 2.08 20.41 0.7088 0.1601 - 2.800 848 192 - 3351 95.31 

32Or2 1.59 17.17 0.3900 0.0848 - 1.059 467 101 - 1267 96.77 

34Nr2 1.00 0 0.0264 0 - 0.793 32 0 - 95 101.41 

34Or2 1.00 0 0.0088 0 - 0.027 11 0 - 33 98.43 

35Nr2 n/a n/a n/a n/a n/a n/a n/a 

35Or2 n/a n/a n/a n/a n/a n/a n/a 

36Nr2 1.00 0 0.0525 0 - 0.237 63 0 - 283 159.52 

36Or2 n/a n/a n/a n/a n/a n/a n/a 

38Nr2 n/a n/a n/a n/a n/a n/a n/a 

38Or2 n/a n/a n/a n/a n/a n/a n/a 

42Nr2 1.14 13.78 0.1104 0.0335 - 0.224 132 40 - 268 56.4 

42Or2 1.55 9.74 1.1400 0.7199 - 1.659 1368 861 - 1985 21.5 

13Or3 1.00 0 0.0164 0 - 0.068 24 0 - 99 138.33 

23Or3 1.00 0 0.0315 0 - 0.148 46 0 - 215 159.86 

25Or3 1.62 30.02 0.0547 0 - 0.246 80 0 - 359 153.79 

32Or3 1.21 14.36 0.1335 0 - 1.167 195 0 - 1701 220.45 

41Or3 1.00 0 0.0072 0 - 0.022 11 0 - 32 94.92 

n/a = no sightings of harbor porpoise in this analysis 
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Appendix D.  Bootstrap values for pooled, yearly, individual component, region, and survey block PSU 
harbor porpoise analyses. 

Analysis bs E(s) bs E(S) %CV bs D bs D 95% CI bs N bs N 95% CI bs %CV 

2000 - 2008 1.56 4.01 0.1766 0.1229 - 0.238 617 429 - 831 18.93 

2000 1.57 14.74 0.0610 0.0012 - 0.142 213 39 - 495 61.97 

2001 1.54 8.28 0.1314 0.5489 - 0.215 459 201 - 752 31.4 

2002 1.69 7.79 0.1030 0.5286 - 0.168 360 185 - 587 30.07 

2003 1.68 13.69 0.1264 0.0706 - 0.193 442 247 - 675 24.42 

2004 1.46 9397 0.1417 0.0745 - 0.250 495 260 - 872 31.26 

2005 1.55 7.29 0.3525 0.1748 - 0.546 1232 611 - 1908 26.39 

2006 1.46 10.39 0.2461 0.1101 - 0.433 860 385 - 1512 35.63 

2007 1.49 7.44 0.1586 0.0915 - 0.274 554 320 - 957 28.89 

2008 1.42 9.39 0.1713 0.0965 - 0.270 598 337 - 943 26.84 

Nearshore 1.69 7.55 0.1526 0.0916 - 0.0243 311 186 - 495 24.78 

Offshore 1.50 4.12 0.2284 0.1656 - 0.327 798 579 - 1142 19.57 

Region 1 1.61 6.01 0.1586 0.0956 - 0.248 133 80 - 208 24.64 

Region 2 1.54 4.68 0.3247 0.2186 - 0.454 389 262 - 543 20.52 

Region 3 1.22 10.44 0.0293 0.0073 - 0.063 43 11 - 92 53.47 

SB1 1.56 5.88 0.1627 0.1073 - 0.246  568 375 - 859 21.57 

SB2 1.54 4.57 0.1678 0.1449 - 0.248 586 402 - 868 19.84 

 
 
 
 

Appendix E.  Bootstrap values for individual Dall’s porpoise analyses during PSU survey effort. 

Analysis bs E(s) bs E(S) %CV bs D bs D 95% CI bs N bs N 95% CI bs %CV 

2000-2008 2.53 12.72 0.0154 0.0071 - 0.030 54 25 - 104 36.62 

SB1 2.81 22.85 0.0160 0.0043 - 0.035 56 15 - 123 50.08 

SB2 2.24 10.33 0.0145 0.0044 - 0.029 51 15 - 102 43.45 

Region 1 2.2 15.68 0.0277 0.0041 - 0.076 23 3 - 64 190.14 

Region 2 2.34 13.15 0.0099 0.0045 - 0.016 12 5 - 20 30.66 

Region 3 4.51 43.04 0.0330 0.0029 - 0.102 48 4 - 148 78.56 

Nearshore 1.56 28.01 0.0025 0.0006 - 0.005 5 1 - 11 49.64 

Offshore 2.7 13.91 0.0244 0.0115 - 0.045 85 40 - 156 35.15 
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Appendix F.  Bootstrap values for individual harbor porpoise analyses during core survey effort. 

Analysis bs E(s) bs E(S) %CV bs D bs D 95% CI bs N bs N 95% CI bs %CV 

1995-2008 1.57 4.34 0.1791 0.1120 - 0.274 91 57 - 140 23.77 

1995 1.48 20.12 0.1671 0.0034 - 1.136 52 1 - 355 168.49 

1996 1.48 18.24 0.1646 0.0306 - 0.332 11 2 - 23 54.6 

1997 1.28 8.1 0.3806 0.1706 - 0.686 26 12 - 47 34.26 

1998 1.72 11.01 0.1464 0.0565 - 0.246 10 4 - 17 32.85 

1999 1.82 10.57 0.1831 0.0833 - 0.302 12 6 - 21 30.52 

2000 1.57 31.72 0.0771 0 - 0.211 5 0 - 14 80.53 

2001 1.48 8.07 0.1932 0.1124 - 0.298 13 8 - 20 24.48 

2002 1.78 7.93 0.2665 0.1319 - 0.491 18 9 - 33 34.11 

2003 1.68 7.71 0.3129 0.1671 - 0.580 62 33 - 115 33.09 

2004 1.72 11.86 0.3453 0.1885 - 0.592 23 13 - 40 29.75 

2005 1.59 8.75 0.2130 0.1186 - 0.334 14 8 - 23 27.28 

2006 1.42 9.76 0.2626 0.1638 - 0.396 18 11 - 27 22.57 

2007 1.65 7.99 0.4302 0.1838 - .829 29 12 - 56 42.89 

2008 1.34 9.44 0.3875 0.2153 - 0.615 26 15 - 42 26.2 

CRAN 1.64 29.33 0.0102 0 - 0.393 3 0 - 12 147.62 

DECA 1.78 8.15 0.1288 0.0770 - 0.218 62 37 - 105 28.62 

JONE 1.71 8.3 0.1034 0.0591 - 0.165 34 19 - 54 27.54 

LOHA 1.33 22.98 0.0202 0 - 0.062 8 0 - 24 88.3 

LOSE 1.56 20.58 0.0108 0.0015 - 0.290 5 1 - 14 71.18 

LOSO 1.13 16.81 0.0131 0.0030 - 0.282 3 1 - 5 68.87 

LOSW 1.41 21.78 0.0098 0.0012 - 0.104 5 1 - 49 241.48 

ORNO 1.99 20.2 0.4320 0.2851 - 0.723 134 89 - 225 28.83 

ORSW 1 0 0.0023 0 - 0.007 1 0 - 2 92.79 

ORSE 1.5 7.45 0.5344 0.3218 - 0.912 227 137 - 387 29.27 

ORWE 1.51 6.01 0.6849 0.5118 - 0.978 293 219 - 418 18.84 

SJNO 1.84 7.99 0.1651 0.1175 - 0.215 74 53 - 97 15.2 

SJSE 1.92 13.34 0.0590 0.0367 - 0.125 28 18 - 60 42.49 

SJSW 1.25 12.01 0.0428 0.0198 - 0.074 18 9 - 32 33.45 

WALD 1.54 5.39 0.4062 0.3133 - 0.512 164 127 - 207 13.37 

WASP 1 0 0.0069 0 - 0.022 2 0 - 7 105.87 

SB1 1.95 10.85 0.0636 0 - 0.193 4 0 - 13 80.89 

SB2 1.96 43.72 0.2271 0.0577 - 0.465 15 4 - 32 48.3 

SB3 1.93 8.79 0.3908 0.2134 - 0.619 54 29 - 84 26.07 

SB4 1.55 6.67 0.6044 0.2907 - 1.087 82 40 - 148 34.27 

SB5 1.44 11.29 0.4132 0.2446 - 0.660 56 33 - 90 25.91 

SB6 1.29 7.12 0.2137 0.1075 - 0.340 42 21 - 67 28.18 

SB7 1.52 11.39 0.1578 0.0809 - 0.258 30 16 - 50 29.5 

SB8 1.34 12.24 0.2263 0.0936 - 0.414 41 17 - 75 38.11 

SB9 1.68 7.4 0.2048 0.1233 - 0.397 39 24 - 76 32.22 

SB10 1.54 8.57 0.1128 0.0270 - 0.243 22 5 - 47 53.33 

SB11 1.34 10.55 0.0683 0.0376 - 0.102 12 6 - 17 25.31 

SB12 1.53 6.77 0.1664 0.0848 - 0.278 28 14 - 47 29.04 

SB13 1.84 6.94 0.3462 0.1819 - 0.622 57 30 - 102 34.29 

 
 
 
 

Appendix G.  Bootstrap value for individual Dall’s porpoise analysis during core survey effort. 

Analysis bs E(s) bs E(S) %CV bs D bs D 95% CI bs N bs N 95% CI bs %CV 

1995 – 2008 2.01 8.61 0.0132 0.0037 - 0.031 7 2 - 16 54.89 
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Appendix H.  Detection curves used for individual harbor porpoise PSU analyses. 
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Appendix I.  Detection curves used for individual Dall’s porpoise PSU analyses. 
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Appendix J.  Detection curves used in individual harbor porpoise core analyses. 
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