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ABSTRACT

Summer distributions of fin (Balaenoptera physalus) and humpback (Megaptera 

novaeangliae) whales were examined relative to bathymetry, oceanography, and 

zooplankton composition and density in Marmot and Chiniak Bays (Kodiak Island, AK) 

during 2002 and 2003. Habitat use and habitat partitioning were assessed using Monte 

Carlo and randomization tests, logistic regression analyses, and kernel density probability 

contours of high-use areas. Fin whales associated with deeper, cooler waters near areas of 

maximum slope and consistently used Marmot Bay. Fin whale spatial-temporal 

distribution likely coincided with Neocalanus copepod concentrations during early 

summer and adult euphausiids later in summer. Fin whale associations with 

Pseudocalanus copepods may relate more to that copepods’ prevalence than to relevance 

as prey. Humpback whale site fidelity and association with shallow waters was evident in 

2002, but not in 2003. Variability in humpback whale distribution was likely related to 

their exploitation of forage fish aggregations and threshold foraging needs. High densities 

of adult euphausiids may promote spatial overlap and shared resource use by fin and 

humpback whales. This mesoscale snapshot of a dynamic nearshore marine environment 

and the whales foraging there is an integral step toward identifying and characterizing 

important habitats for endangered fin and humpback whales.
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1. INTRODUCTION

Large baleen whales are considered significant components of marine ecosystems, 

although the exact nature of the roles they play can be difficult to determine (Ray 1981; 

Katona and Whitehead 1988; Bowen 1997). Large-scale removals of whales through 

commercial whaling during the 20th century presumably impacted community structure 

and prey biomass in, at least, the Southern Ocean, Bering Sea, and northern North Pacific 

Ocean (Laws 1985; Merrick 1997; Springer et al. 2003). Prey consumption by cetaceans, 

fin (Balaenoptera physalus) and humpback (Megaptera novaeangliae) whales included, 

is considered substantial and may rival or even surpass commercial fishery removals in 

some locales (Katona and Whitehead 1988; Overholtz et al. 1991; Hain et al. 1992; 

Kenney et al. 1997; Witteveen et al. 2006). A paucity of distribution, habitat, and prey 

information for most cetaceans, however, precludes clearly defining their ecological roles 

or ecosystem impacts.

Fin whale and humpback whale stocks were dramatically reduced by whaling 

efforts in the northern North Pacific (Angliss and Lodge 2004). They were the dominant 

species taken along the Alaska coast (Nemoto 1959) and were primary targets of shore- 

based whaling out of Port Hobron (off eastern Kodiak Island) between 1926 and 1937 

(Reeves et al. 1985). Diminished stocks prompted the designation of fin and humpback 

whales as endangered species under the U.S. Endangered Species Act of 1973 (Perry et 

al. 1999). Proposed recovery actions subsequently considered the identification, 

characterization, and protection of important habitats to be primary objectives toward the 

goal of population recovery for both species (Anonymous 1991; Anonymous 1999).
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Habitat characterization includes both physical and biological features, such as prey types 

and abundance, as well as associated oceanography, hydrography, and bathymetry. 

Understanding inter-annual variability in habitat use and habitat characteristics was also 

deemed an important component of delineating essential habitats and ultimately 

developing predictive capabilities to identify other potentially important habitats 

(Anonymous 1991; Anonymous 1999).

Much of the available distribution, diet, and habitat data, however, are antiquated, 

having been derived through commercial whaling operations that ended in the North 

Pacific in 1976 and Kodiak nearshore waters in 1937 (Uda 1954; Nemoto 1959; Nasu 

1966; Nasu 1972; Nemoto and Kawamura 1977; Kawamura 1982). Few directed surveys 

for large whales have occurred in the northeast Pacific since commercial whaling ended 

(Rice and Wolman 1982; Brueggeman et al. 1987; Stewart et al. 1987; Brueggeman et al. 

1988). Systematic surveys for baleen whales were only recently conducted in the Bering 

Sea (Moore et al. 2000) and abundance and distribution of baleen whales between the 

Kenai Peninsula and eastern Aleutian Islands were documented during killer whale 

{Orcinus orca) surveys in 2001 and 2002 (Zerbini et al. 2003). Opportunistic data 

indicate that Kodiak waters currently support significant numbers of fin and humpback 

whales (Waite et al. 1999; Wynne and Witteveen 2005). Witteveen (2003) estimated 157 

humpback whales used Marmot and Chiniak Bays off northeast Kodiak Island during 

summer 2002. There are no comparable estimates for fin whales.

Humpback whales and fin whales are seasonal migrators, whose abundance in the 

Gulf of Alaska and northern North Pacific increases in spring to peak numbers during



summer (Kellogg 1928; Nemoto 1959; Nasu 1966; Nasu 1972; Consiglieri et al. 1982; 

Moore et al. 1998). This coincides with periods of favorable oceanographic conditions 

that promote high levels of primary and secondary productivity (Kendall et al. 1980; 

Vogel and McMurray 1982; Cooney 1986b; Sambrotto and Lorenzen 1986; Cooney 

1988; Stabeno et al. 2004) and, ultimately, prey concentrations of densities and 

frequencies suitable for foraging by large whales. The Port Hobron whaling season off 

eastern Kodiak Island, including in the vicinity of Marmot and Chiniak Bays, was 

roughly May to October. Catches generally increased through June to peak numbers in 

July and August (Reeves et al. 1985). Marmot and Chiniak Bays are productive regions 

(Stabeno et al. 2004) that historically (Reeves et al. 1985) and currently (Witteveen 2003; 

Zerbini et al. 2003) support important feeding aggregations of fin and humpback whales.

Stomach content analyses of whales taken during commercial whaling operations 

provided the most comprehensive diet data to date. Fin whales in the northern North 

Pacific were considered polyphageous, with euphausiids, large copepods, and gregarious 

fish of nearly equal dietary importance, while humpbacks were considered biphageous, 

consuming both euphausiids and gregarious fish (Nemoto 1959; Kawamura 1980). Fish 

commonly found in the stomachs of fin and humpback whales in the North Pacific, 

including waters off eastern Kodiak Island, included herring (Clupea pallasii), walleye 

pollock (Theragra chalcogramma), capelin (Mallotus villosus), and surf smelt 

(Hypomesuspretiosus) (Thompson 1940; Nemoto 1959; Nemoto 1963; Nemoto and 

Kasuya 1965; Nemoto and Kawamura 1977).
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The need for baleen whales to forage efficiently leads to nonrandom distributions 

and aggregations in areas of dense prey concentrations, making them useful indicators of 

marine productivity (Krieger and Wing 1986; Katona and Whitehead 1988; Selzer and 

Payne 1988; Hain et al. 1992; Moore and DeMaster 1998; Moore et al. 2000). Shifts in 

whale distribution, regardless of spatial or temporal scale, could then indicate changing 

prey composition, biomass, or availability (Payne et al. 1990; Kenney et al. 1996).

Cetacean distribution is indirectly influenced by physical conditions that 

concentrate prey (Kellogg 1928; Selzer and Payne 1988; Croll et al. 1998; Davis et al. 

2002). Prime whaling grounds (and presumably, feeding areas) in the North Pacific 

corresponded with oceanic fronts, eddies, and topographic upwelling (Uda 1954; Nemoto 

1959; Nasu 1966; Nasu 1972). Bottom topography is considered a significant correlate to 

cetacean distribution (Woodley and Gaskin 1996; Baumgartner 1997; Davis et al. 1998; 

Baumgartner et al. 2000; Canadas et al. 2002; Davis et al. 2002; Friedlaender et al. 2006). 

Bathymetric features, such as shelf edges, canyons, and irregular topography, can be 

useful indicators of cetacean habitat; they are static features that predictably influence 

dynamic processes (Yen et al. 2004). The effect of bottom topography on fronts, eddies, 

upwelling and mixing concentrates biological productivity required for favorable 

foraging conditions (Uda 1954; Nasu 1966; Hui 1979; Baumgartner 1997; Waring et al.

2001).

Recent studies compared cetacean distribution to physiography (Hui 1979; Selzer 

and Payne 1988; Forcada et al. 1996; Woodley and Gaskin 1996; Baumgartner 1997; 

Davis et al. 1998; Moore and DeMaster 1998; Raum-Suryan and Harvey 1998; Waring et
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al. 2001), sea surface temperature and thermal structure (Brown and Winn 1989;

Woodley and Gaskin 1996; Moses and Finn 1997; Baumgartner et al. 2000; Davis et al.

2002), zooplankton abundance (Griffin 1997), and prey availability (Foerster and 

Thompson 1985; Murison and Gaskin 1989; Woodley and Gaskin 1996; Fiedler et al. 

1998; Baumgartner et al. 2000). These studies involved a range of species from the Gulf 

of Mexico, Gulf of Maine, Mediterranean Sea, Northeast Atlantic, coastal California and 

Washington State, and the Chukchi and Beaufort Seas. Similar analyses are lacking for 

the northwestern Gulf of Alaska and Kodiak nearshore waters.

The ecological roles of fin and humpback whales off northeast Kodiak Island can 

be best evaluated once distribution and physical and biological habitat characteristics and 

use are defined. The goal of this study, therefore, was to investigate fin and humpback 

whale distributions in Marmot and Chiniak Bays relative to physical and biological 

habitat characteristics during the summers of 2002 and 2003. Habitat features included 

bathymetric measures, oceanographic parameters, and zooplankton density (Table 1.1). 

Specific objectives were: 1) to measure or derive a suite of physical and biological habitat 

characteristics that may influence whale distribution in Marmot and Chiniak Bays; 2) to 

describe spatial-temporal summer distributions of fin whales and humpback whales and 

delineate high-use regions within the study area; 3) to assess preferential use of 

bathymetric features by fin and humpback whales; 4) to examine associations between fin 

and humpback whale occurrence and suites of physical and biological habitat features; 

and 5) to investigate potential habitat partitioning between fin and humpback whales 

utilizing Marmot and Chiniak Bays during summer months.
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Table 1.1. Variables, measured or derived, used in this study. Names in parentheses are 
abbreviations used throughout the text and figures.

Variable Data Source Units

Depth digital bathymetry m
Slope digital bathymetry/GIS degs
Distance to area of maximum slope (DistMaxSlope) digital bathymetry/GIS m
Mean water column temperature (MeanTemp) CTD °C
Mean water column salinity (MeanSal) CTD psu
Mean water column density (MeanSig) CTD kg/m3
Stratification parameter (StratParam) CTD J/m3
Thermocline depth (Thermocline) CTD m
Pycnocline depth (Pycnocline) CTD m
Zooplankton density

Calanoid copepods (CalCope) vertical net tow #/m
Decapod shrimp (DecShrimp) vertical net tow #/m'
Euphausiids vertical net tow #/m3
Larval Fish vertical net tow #/m3
Mysids vertical net tow #/m3
Calanoid copepods 1.0-2.5 mm (CalCope 1.0-2.5 mm) vertical net tow #/m3
Calanoid copepods 2.5-4.0 mm (CalCope 2.5-4.0 mm) vertical net tow #/m3
Calanoid copepods 4.0-6.0 mm (CalCope 4.0-6.0 mm) vertical net tow #/m3
Acartia vertical net tow #/m"
Calanus vertical net tow #/m3
Centropages (Centrop) vertical net tow #/m3
Eucalanus (Eucal) vertical net tow #/m3
Metridia vertical net tow #/nr'
Neocalcinus (Neocal) vertical net tow #/m3
Pseudocalanus (Pseudocal) vertical net tow #/m3
Euphausiid eggs (EuphEggs) vertical net tow #/m3
Euphausiid non-adults (EuphNonAdult) vertical net tow #/m3
Euphausiid adults (EuphAdult) vertical net tow #/m3



2. METHODS

2.1. Study area

Kodiak Island is located on the continental shelf in the northwestern Gulf of 

Alaska. The eastern side of the island is characterized by a series of shallow banks 

separated by troughs (e.g., Chiniak Trough) that provide corridors between inshore 

waters and the offshore shelf edge (SAI 1980). Interplay between these troughs and banks 

enables transport and upwelling of deep, nutrient rich slope waters inshore (Stabeno et al. 

2004). The Gulf of Alaska is predominantly a downwelling system, but during May- 

September, relaxation of winds results in intermittent upwelling (Stabeno et al. 2004).

The Alaska Coastal Current (ACC) dominates continental shelf circulation and bifurcates 

just north of the Kodiak Archipelago. Stronger flow is through Shelikof Strait on the west 

and north side of Kodiak; flow is weaker and more variable along the east and south sides 

of the island (Stabeno et al. 2004).

The study area encompassed roughly 2000 km2 in Marmot and Chiniak Bays off 

northeast Kodiak Island (Fig. 2.1). Bottom topography in Marmot Bay is more complex 

and varied than in Chiniak Bay, which, despite being nearly bisected by a northeast- 

southwest oriented trough, is comparatively shallow (Fig. 2.2, Fig. 2.3). Marmot Bay, 

bounded by Afognak Island to the north and Kodiak Island to the south, connects to 

Shelikof Strait via Whale Passage and Kupreanof Strait. Both Marmot and Chiniak Bays 

open broadly to the east and the Gulf of Alaska.



2.2. Habitat use definitions

Habitat is defined as the suite of physical and biological resources required for an 

organism’s survival and reproduction (Hall et al. 1997). Habitat use is the way organisms 

use resources within the habitat and habitat selection is the process by which specific 

habitat components are chosen for use (Hall et al. 1997). Patterns of habitat use, the study 

of which describes distribution of individuals across habitat types, are the result of habitat 

selection processes (Jones 2001). Finally, habitat availability is determined by both 

accessibility and attainability of resources (Hall et al. 1997).

Habitat partitioning, in its simplest form, describes any difference in resource use 

among species. It generally refers to reduced overlap of resource use that may, or may 

not arise from competition between sympatric species (Tokeshi 1999). Partitioning is 

assumed to alleviate potential competition (Tokeshi 1999) and can occur through spatial 

segregation or by targeting different prey (Gowans and Whitehead 1995). Resource 

competition implies common use of a limited resource (Krebs 1994). Whether or not 

shared resources in Marmot and Chiniak Bays are limited for fin and humpback whales in 

summer is unknown and beyond the scope of this study. Therefore, habitat partitioning 

refers herein to differential use or overlapping use of resources, irrespective of supply.

2.3. Field methods

2.3.1. Survey cruises

Data were collected during weekly whale-focused surveys and monthly 3-day 

hydroacoustic prey surveys in 2002. Weekly surveys occurred June to mid-September 

and monthly surveys May to September. For the former, the study area was divided into



four comparably sized zones (Fig. 2.4) that could be surveyed in one day each. Track 

lines were not predetermined, but traversed a zone in a manner that afforded full 

coverage. A zone was considered fully surveyed if the entire area had been within visual 

range of the 2 to 3 observers by day’s end. Poor weather frequently prevented full zone 

coverage. Flydroacoustic prey surveys followed established transect lines in Chiniak and 

inner Marmot Bays (Foy 2005). Effort and sighting data from both surveys were 

combined for data summaries and analyses.

Surveys in 2003 occurred biweekly from mid-May to mid-September. East-west 

oriented transect lines spaced at 5 km intervals were followed each survey (Fig. 2.5). 

These comprehensive surveys included both habitat and whale distribution sampling.

2.3.2. Habitat sampling

2.3.2.1. Oceanographic sampling

All sampling stations in 2002 were at whale locations, while those in 2003 were at 

whale locations and at 14 to 15 pre-determined sites per survey. Whales within 

approximately a 1 km radius of a station were considered associated with that station at 

the time of sampling. Sampling occurred central to aggregations at locations with 

multiple sightings. The pre-determined stations in 2003 were chosen by randomly 

selecting a start location (station 1) for each survey and then spacing subsequent stations 

at lOnm (18.5 km) increments along transect lines. This distance was selected to 

maximize sampling within the constraints of the allowable survey duration. Equally 

spacing stations spread sampling effort across the study area without regard for physical



or biological features. This sampling scheme enabled comparison of samples collected at 

random locations, predominantly absent of whales, to those associated with whales.

Vertical temperature and salinity profiles were obtained using a SBE 19plus 

SEACAT CTD (conductivity-temperature-depth) profiler (Sea-Bird Electronics, Inc., 

Bellevue, WA). The CTD was deployed to an estimated 1 m off the seafloor at a rate of 1 

m/sec (SBE 2005). Bottom depth at deployment was determined using the vessel’s depth 

sounder. The CTD was calibrated annually.

A SBE-45 thermosalinograph (Sea-Bird Electronics, Inc., Bellevue, WA) was 

used to collect surface temperature and salinity data during July-September surveys in 

2003. It was subsequently determined that, although this would be a useful and 

interesting data set that could provide insight into whale distribution, proper sampling 

and analyses were beyond the scope of this thesis. Methods and preliminary results are 

detailed in Appendix A.

23.2.2. Zooplankton sampling

Beginning in late July 2002, vertical zooplankton tows were made adjacent to 

whales presumed to be feeding. Tows were made at individual sightings or in the center 

of aggregations, as described for CTD casts.

In 2003, zooplankton were collected at whale locations and at the pre-determined 

stations described above. Sampling occurred throughout the May-September study 

period.

Sampling equipment included a 0.75 m diameter vertically towed conical ring net 

with 500 nm mesh, a 5:1 length to mouth ratio, and an 11.4 cm collecting bucket
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weighted with approximately 11.5 kg lead weights. Mesh size was selected to maximize 

the likelihood of capturing euphausiids and copepodite stage V calanoid copepods, which 

are known prey of fin and humpback whales (Thompson 1940; Nemoto 1959; Nemoto 

1963; Nemoto and Kasuya 1965; Nemoto 1973; Nemoto and Kawamura 1977;

Kawamura 1982; Horwood 1987). Mesh size was also selected to approximate the “mesh 

size” (baleen) of the predators. Based on filtration experiments, 300 to 330 [im mesh best 

approximated filtering characteristics of right whale (Eubalaena glacialis) baleen (Mayo 

et al. 2001), the mean fringe diameter of which is 0.2 mm compared to 0.8 mm and 0.7 

mm for fin and humpback whale baleen, respectively (Nemoto 1973)

Zooplankton collection protocol was consistent across years. Line angle was 

recorded during deployment and retrieval using a protractor and the amount of line 

deployed was adjusted to compensate for angles off vertical. Rate of retrieval was 1 

m/sec (Allen 1972). Depth of deployment was to the bottom to enable sampling 

zooplankton from throughout the water column which was especially important for 

euphausiids that have diel patterns of vertical migration (Brinton 1967; Allen 1972; 

Kendall et al. 1980). Net efficiency was assumed to be 100% and consistent across all 

samples. Samples were preserved in 1 liter bottles with 10% formalin buffered with 

seawater.

2.2.3. Whale distribution

Survey methods differed by platform in 2002. Whale-directed surveys were 

conducted from an 8.5 m vessel (eye height ~ 2 m  above water) at a cruising speed of 

approximately 18 km/hr. Whales were detected visually then approached for
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identification and concomitant data collection. Sighting data, recorded adjacent to 

whales, included species, group size, and time and position (latitude, longitude) derived 

from a Global Positioning System (GPS) interfaced with the vessel's navigation software.

Passing mode line-transect methods (Buckland et al. 2001) were used during 2002 

hydroacoustic prey surveys. Observations were made by a single observer located on the 

flying bridge, 4.9 m above the water, at an average vessel speed of 11 km/hr. The scan 

region encompassed 90° to either side of the ship's bow and out to the horizon. Angle to 

sighting, relative to vessel heading, was determined using a fix-mounted angle board. 

Fujinon 7 x 50 binoculars with ocular reticles were used for species identification and to 

estimate radial distance (in nm) to sightings (Lerczak and Hobbs 1998). The observer 

recorded the number of reticle marks, to the nearest 0.1, from the horizon to the waterline 

of the observed whale. Measurements were to the shoreline when land obscured the 

horizon. Distance from vessel to shoreline was converted from nautical miles to reticles 

and then added to the reticle value for the sighting (Lerczak and Hobbs 1998). Latitude 

and longitude positions of sightings were derived using angle, distance to sighting (based 

on height of eye and reticle count), vessel location, and geofunc.xla Excel functions 

(Laake 2001). Observer effort was maintained during all daylight hours while on transect, 

except during poor visibility (<2 nm (3.7 km), generally due to fog or rain), sea states 

greater than Beaufort 5, or while at sampling stations. The vessel did not break effort to 

approach whales.

Closing mode line-transect methods (Buckland et al. 2001) were employed in 

2003. Two to three observers maintained sighting effort from the 13.4 m vessel’s
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wheelhouse, at an eye-height of 3.7 m above the water, and at an average speed of 16 

km/hr. Sighting and environmental data, and nearly continuous location updates were 

recorded using WinCruz (version 5.93LB) data entry program (Holland 2003) interfaced 

with a GPS. Sighting effort was broken (i.e., closing mode) to approach whales to 

confirm species identification and to sample at whale locations. Watch was considered 

on-effort while on transect and when transiting between end-points of transect lines. 

Protocols were otherwise as described above for 2002 hydroacoustic surveys. One 

observer (LB) was common to all surveys and responsible for all reticle readings.

Only sightings recorded while on-effort were used to describe distribution and for 

most analyses. All sightings, however, were used to determine whale presence at 

sampling stations for logistic regression habitat use modeling.

A sighting refers to a group of whales, not the individuals comprising the group, 

unless group size equaled one. Since group members may not be independent of one 

another, and, thus, violate assumptions of independence inherent in most analyses, groups 

(sightings) were treated as independent units in this study (Thomas and Taylor 1990). 

Unless otherwise noted, whale data, analyses and discussion refer to sightings, not 

individual whales.

2.4. Data processing

2.4.1. GIS mapping: General

Data were entered into an ArcView 3.2 (ESRI, Redlands, CA) Geographic 

Information System (GIS) for mapping and analyses. GIS was used to delineate study



area boundaries, map survey effort, derive or manipulate several habitat variables, map 

whale distribution, and link sightings and other point data to habitat variables.

Study area boundaries were based on actual area surveyed and derived separately 

for 2002 and 2003. Survey areas were defined post-hoc using ArcView 3.2 to delineate 

buffers on either side of tracklines of a distance within which whales could be sighted 

and identified to species. Buffers of 2 nm (3.70 km) were used for 2002 and 2003 

systematic surveys and 1 nm (1.85 km) was used for 2002 whale-focused surveys based 

on eye height above water in the different research vessels. Areas of repeated coverage 

and overlap were only included once, so that area calculations were inclusive, not 

cumulative.

2.4.2. Habitat

2.4.2.1. Bathymetric variables

Bathymetric data were obtained as xyz (latitude, longitude, depth) point files from 

the Geophysical Data System (GEODAS) of the National Geophysical Data Center 

(NGDC) and from the Alaska Earthquake Information Center, University of Alaska 

Fairbanks. The latter data were compiled by Scientific Fishery Systems, Inc. (Anchorage, 

AK) and by the Center for Tsunami Inundation Mapping Efforts of the National Oceanic 

and Atmospheric Administration (TIME/NOAA) for use in tsunami predictions. 

Resolution of data sources varied from 10 to 200 m, except TIME generated data were of 

8 arc-second (~ 135 m x 250 m) and 24 arc-second (~ 400 m x 740 m) resolutions 

(Suleimani et al. 2002). Data were clipped, compiled and merged using ArcView 3.2 and 

3-D and Spatial Analyst extensions (ESRI, Redlands, CA). Resulting resolution of the
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merged datasets ranged from 10 to 400 m. Triangulated Irregular Networks (TINS) were 

generated and then converted to grids of 250 m cell size, which represented an 

intermediate value in the range of resolutions.

Variables derived from the gridded datasets included depth (Fig. 2.2), degrees of 

slope (Fig. 2.3), and distance to areas of maximum slope. Slope was calculated using the 

Slope command in Spatial Analyst, which estimates the maximum rate of change from 

each cell to a 3 x 3 cell neighborhood. Depth and slope values were ascribed to sighting 

locations and other point themes using the Grid Analyst extension (Saraf 2000). Areas of 

maximum slope were determined using Spatial Analyst and then converted to polygon 

shapefiles. Although slope ranged from 0 to 20 degrees, only 1.0% and 0.2% of study 

area slopes equaled or exceeded 10 and 15 degrees, respectively. Therefore, slopes >5 

degrees (8.0% of the study area) were deemed regions of maximum slope. Distances to 

these features from sightings, randomly generated points, and sampling stations were 

calculated using the Nearest Features GIS extension (Jenness 2004a). This measured 

distance, in meters, from a given point to the closest edge of the polygon of maximum 

slope nearest that point.

Depth classes (50 m increments, 0-300 m) and slope classes (2° increments, 0- 

20°) were created using ArcView GIS. Percent composition of respective classes was 

calculated for each year’s study area.

2.4.2.2. Oceanographic data

Raw CTD downcast data were processed using SBE Data Processing-Win32- 

V5.29b software (SBE 2003). Data were later binned into 3 m depth increments to



minimize noise in the data. This bin size was considered a reasonable compromise for 

smoothing data without over-smoothing the numerous shallow casts. Approximately 50% 

of all CTD casts were to depths less than 100 m, and 34% and 22% were to less than 50 

m deep in 2002 and 2003, respectively.

Microsoft Access and Visual Basic software were used for subsequent derivations 

of mean water column temperature, salinity and density, thermocline and pycnocline 

depths, and the stratification parameter. Thermocline depth is defined here as max dt/dz, 

where dt is change in temperature and dz is change in depth (Coyle and Pinchuk 2002), 

calculated over 3 m bin intervals. Pycnocline depth was similarly defined as max do/dt, 

where da represents change in density. The stratification parameter ( v  ) is defined by

V = y  J°X p - p ) g z d z \ p = \  f pdz (2.1)
h  J-h ft J-h

where h is depth of the CTD cast (m), p  is density (kg/m3), g is gravity (-9.8 m/s2), and z 

is depth (m) (Simpson et al. 1977; Ross and Larson 2003). This estimates the energy 

(Joules/nr) needed to redistribute a water mass of depth h by complete vertical mixing 

(Simpson et al. 1977). The amount of energy required increases with stratification, 

resulting in a larger parameter value.

2.4.2.3. Zooplankton samples

Zooplankton samples were processed to determine taxonomic composition and 

depth-averaged density. Samples in 2002 were sub-sampled using 20 ml aliquots until 

total copepod count reached approximately 100 individuals. A Folsom splitter was used 

to divide 2003 samples until roughly 100 of the dominant taxa remained. Large



organisms (e.g., adult euphausiids, shrimp, mysids, cnidarians, chaetognaths) were 

removed, counted, and identified prior to sub-sampling. Identification and enumeration of 

sub-samples were extrapolated to entire samples by multiplying counts by each sample’s 

respective split factor. Copepods and euphausiids were identified to the level of either 

genus or species. Euphausiid furcilia were counted, but not identified to the species level. 

Mysids, larval fish, decapod shrimp, amphipods, gastropods, cladocerans, and crab zoea 

were identified to at least the family level. Other taxa were grossly identified to the level 

of phylum (e.g., chaetognaths, cnidarians) or class (e.g., cirripedia). Several manuals 

aided in taxonomic identifications (Newell and Newell 1973; Gardner and Szabo 1982; 

Kathman et al. 1986; Matarese et al. 1989; Mecklenburg et al. 2002). For analyses, 

euphausiids were categorized as eggs, non-adults (furcilia, juveniles, calyptopes and 

nauplii) and adults, and calanoid copepods were grouped by genus.

Zooplankton depth-averaged densities were calculated as the number of 

organisms per cubic meter of water sampled. Water volume sampled was approximated 

by multiplying tow depth (m) by the area of the mouth of the zooplankton net (0.44 m2). 

Tow depth was derived using the following trigonometric function based on net angle 

and length of line deployed:

Tow depth = line deployed*(cos(radians{net angle))) (2.2)

Length measurements were made of all adult euphausiids in each sample and all 

copepods in sub-samples. Total length of adult euphausiids was measured to the nearest 

mm. Copepod total length was measured to size class (<1.0 mm, 1.0-2.5 mm, 2.5-4.0
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mm, 4.0-6.0 mm, >6.0 mm) after Gardner and Szabo (1982). Counts of copepods per size 

class were extrapolated to the full sample as described above.

Zooplankton and CTD data were linked for all 2003 stations where both samples 

were successfully collected. These are hereafter referred to as “combined stations.” 

Associated whale sighting and bathymetric data were linked to combined station data for 

subsequent analyses. In 2003, only data from combined stations were used in analyses; 

minimal zooplankton sampling in 2002 necessitated separate evaluations of CTD and 

zooplankton data that year.

2.5. Data analyses

2.5.1. Habitat: Preliminary evaluation o f variables

Environmental variables received cursory evaluation before inclusion in models. 

Boxplots provided visual interpretation of variables across time and species, and 

identified potential outliers or extreme data points (Appendix B). Individual variables 

were summarized using descriptive statistics and temporal variability (by cruise or 

month) was assessed statistically using nonparametric Mann-Whitney U-tests or Kruskal- 

Wallis tests. Temporal variability was the primary determinant of pooling or splitting of 

data sets for subsequent analyses (e.g., Monte Carlo tests). Correlations between and 

among physical and biological variables were calculated using Spearman rank correlation 

coefficients (rs) (Appendix C).

2.5.2. Whale distribution: High-use areas

High-use areas were defined by kernel density probability contours created using 

the fixed kernel estimator with least-squares cross-validation (LSCV) in the Animal
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Movement Analysis Extension for ArcView (Hooge and Eichenlaub 1997; Rodrfguez- 

Robles 2003). This nonparametric method was originally designed for home-range 

estimation (Worton 1989), but is useful for analyzing any subject distributed 

multimodally or non-normally, including single locations of distinct individuals or 

groups, as there are no assumptions regarding contour shapes (Seaman and Powell 1996). 

The fixed kernel estimator method with LSCV produces the most accurate and precise 

home range areas and contour shapes (Worton 1989; Seaman and Powell 1996). The 

estimator incorporates density of animal locations, weighted by frequency of use, to 

create probability contours (Seaman and Powell 1996; Rodnguez-Robles 2003). Density 

allows evaluation of area overlap and use by different individuals, groups or species; 

weighting areas by usage enhances the accuracy of estimating likelihood of overlap or 

interactions (Seaman and Powell 1996).

Kernel density probability contours for fin and humpback whales were generated 

separately based on sighting locations each month. Small sample size (<50 locations) 

may inadequately identify fine structures in core areas and overestimate home ranges 

(Seaman and Powell 1996). Fifty sightings per species, however, occurred only in July

2002. A minimum of 20 sightings per species was, therefore, chosen to allow inclusion of 

at least two months per year (e.g., June and July 2002, July and August 2003).

High-use areas were approximated by 50% contours, while 75% and 90% 

contours represented more broadly used areas (Ingram and Rogan 2002). Fifty percent 

contours are commonly referred to as “core areas” and 90-95% contours as “home 

ranges” (Ferguson et al. 1999; Rodrfguez-Robles 2003; Cobb 2004; Flores and Bazzalo
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2004). Since true home ranges of the highly mobile, wide-ranging fin and humpback 

whales that utilize the study area are unknown, 90% contours were simply regions 

encompassing the majority of sightings recorded within each survey period and area.

2.5.3. Preferential use o f bathymetric features

Two-tailed Monte Carlo tests of the null hypothesis that fin and humpback whales 

distributed randomly with respect to depth, slope, and distance to nearest area of 

maximum slope (DistMaxSlope) were conducted using the statistical package R, version

1.9.1 (R-Development-Core-Team 2004). Means and standard deviations of each variable 

were evaluated separately by species and year. Twenty thousand random points were 

created within a rectangular region overlying the study area using the Random Point 

Generator ArcView extension (Jenness 2004b). Clipping with each year’s respective 

survey area resulted in 9,885 random points for 2002 and 10,773 for 2003. Bathymetric 

data were ascribed to these points as described above in section 2.4.2.1 for sightings.

This random sample of locations served as a proxy for availability (Boyce et al. 2002).

A sample of points equal to the number of fin or humpback whale sightings was then 

randomly selected from the pool of random points (e.g., n = 111 for simulations of 2003 

fin whale values). The statistic was derived and the process repeated 5000 times. A 

minimum of 1000 simulated data sets is desirable for an alpha of 0.05 and 5000 for an 

alpha of 0.01 (Manly 1997). Therefore, 5000 simulations was a conservative sample size 

for testing at an alpha of 0.05.

The 5000 values generated for each variable constituted the sampling distribution 

of the test statistic under the null hypothesis. Observed values were compared to the

20



sampling distribution to assess significance. Significance level for a two-tailed test is the 

smaller of 2p\ and 2pu, where p]_ is the proportion of values in the sampling distribution 

less than or equal to the observed value and pu is the proportion greater than or equal to 

that observed (Manly 1997; Baumgartner and Mate 2005). For example, if the observed 

mean for depth is 100 m and the values for the 0.995 and 0.999 quantiles of the sampling 

distribution are 95 m and 105 m, respectively, then p L -  0.995 (99.5% of the sampling 

distribution is less than or equal to 100 m) and pu = 0.005 (0.5% of the sampling 

distribution is greater than or equal to 100 m). The two-tailed significance level is then 

0.01, or 2p\j.

2.5.4. Habitat use models

Combined station and sighting data from 2003 were used to address questions 

regarding differential habitat characteristics of areas with whales present versus absent. 

Absence, or non-use, refers only to the time of sampling and does not imply that a 

particular area is never used. Determining non-use is difficult for highly mobile animals, 

such as whales, that may eventually use a presently unused area. A sample of unused 

versus used sites may still be unbiased if a representative sample showed lack of use, or 

absence (Boyce et al. 2002). Only sightings located within approximately 1 km of a 

station at the time of sampling were included in these analyses. Whale presence included 

on- and off-effort sightings.

Logistic regression is a common tool for habitat use and resource selection 

analyses with binomial response variables, such as used versus unused (Norcross et al. 

1999; Boyce et al. 2002; Manly et al. 2002). This includes several cetacean habitat use
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studies (Moses and Finn 1997; Hamazaki 2002; Baumgartner et al. 2003; Brager et al.

2003). The goal of logistic regression analysis is to find parsimonious, biologically 

sensible, best-fitting models to describe relationships between response and explanatory 

variables (Hosmer and Lemeshow 2000). Logistic regression models the probability that 

a “resource unit,” defined by explanatory variables, is used during a particular period 

(Manly et al. 2002). Models used herein took the form:

exP(/?A + A xi +••• + P x  ) 
w*(x)  = -------------------------------- l— !-—  (2.3)

1 + exp(/L + P , x1 +... + B x  )0 I l p

where w*(x) is the resource selection probability function, or the probability of use given 

the selected variables, fto is the intercept, and are the model coefficients to be

estimated for the variables xi...xp (Manly et al. 2002; Quinn and Keough 2002).

Several models were generated with 2003 combined station data to address 

questions of fin and humpback whale habitat use. The response variable, Whale Presence, 

was coded l when whales were present and 0 when absent. Final models included only 

main effects and no interaction terms. Since this modeling exercise was largely 

exploratory, combinations of all biotic and abiotic variables (Table 1.1) were used during 

initial model building. Logistic regression is sensitive to colinearities among variables 

(Hosmer and Lemeshow 2000), so highly correlated variables (e.g., Thermocline and 

Pycnocline, see Appendix C), or those that are subsets of other variables (e.g., genera of 

calanoid copepods and CalCope, or EuphAdults and Euphausiids) were not included 

together in the same models.
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Resource selection studies assume that availability and distribution of explanatory 

variables remain constant throughout the study period (Manly et al. 2002). This is usually 

an unrealistic assumption in natural environments (Manly et al. 2002). To address this, 

time (cruise or month) was included as a categorical variable and interaction term during 

preliminary model building. Small sample sizes at these time scales, however, increased 

the number of parameters relative to response variables, resulting in unreliable models 

with complete or quasi-complete separation of data.. Pearson residuals for univariate and 

multivariate models were then plotted against time to test the extent to which month or 

cruise affected models (R. Barry, pers. comm.). No clear patterns emerged suggesting 

that other sources of variability (e.g., spatial variability) may obscure or override 

temporal variability. Sampling effort was not adequate to quantitatively address spatial 

variability.

Final model sets included combined data from May to September (fin whales) or 

from July and August (fin and humpback whales). The former represented full summer 

and the latter peak summer habitat use. Sighting rates of humpbacks were highest and the 

number of sampling stations with fin whales and humpbacks were comparable during 

peak summer.

Finally, the influence of extreme data points (see boxplots, Appendix B) was 

assessed by comparing models with and without stations that included those data.

The Statistical Analysis System’s PROC LOGISTIC routine (SAS 1999) was 

used to perform logistic regression analyses. The descending option was selected, so that 

probability was always modeled on the response variable 1, for presence. Explanatory

23



variables selected for model inclusion were those with p  < 0.25 from univariate logistic 

regression tests or of known biological importance (Hosmer and Lemeshow 2000). A 

forward stepwise procedure, with model entry level of a = 0.15, was then used for 

multiple logistic regression model building. Hosmer and Lemeshow (2000) strongly 

recommend an alpha level for model entry of 0.15-0.20, as a = 0.05 may be too stringent 

and exclude potentially important variables. After a suite of explanatory variables was 

selected, a final round of modeling was conducted using all possible combinations of the 

selected variables, from univariate models to those including all of the selected variables.

Model selection was based on lowest AICc, a second order approximation of 

Akaike Information Criteria (AIC) for small sample sizes, calculated as

AICc = AIC + 2A:(/: + 1) (2.4)
n — K  — 1

where n is sample size and K is the number of estimated parameters, including the 

intercept (Burnham and Anderson 2002). Burnham and Anderson (2002) advocate use of 

AICc when n/K < 40. Models were ranked by A„ or the difference between the minimum 

AICc and that derived for other models, and Akaike weights (w,-), calculated as

exp(-0.5A.)
" ,  = (2-5)

S exp(-0.5A )
r = l

Akaike weights, the sums of which equal 1, represent the relative likelihood of a model 

being the best in a set of R models, given the data and the set of R models and assuming a 

best model exists. A model is clearly the best when w, >0.90 (Burnham and Anderson 

2002). The larger the A„ the smaller the w„ and the lower the likelihood that model i is



the best model. As a general “rule of thumb”, if A, is 0-2, there is “substantial support” 

for model i, if A, is 4-7, there is “considerably less” support for model i, and if A, >10, 

there is “essentially” no support for that model (Burnham and Anderson 2002).

When no obvious single best model existed or there were a number of closely 

related models, model averaging was used. Inferences were then based on a set of 

candidate models and not conditional on a single model. This often reduces model 

selection bias effects on coefficients (Burnham and Anderson 2002). Model averaged 

parameter estimates were calculated by weighting the estimates for each model by their 

respective renormalized Akaike weights, then summing across all candidate models in 

which the parameter appeared. Unconditional (not conditional on any one model) 

standard errors and confidence intervals were also calculated (Burnham and Anderson

2002).

A confidence set of models— a subset of models considered most plausible— was 

selected for model averaging based on a cutoff value of AAICc for which the model 

likelihood value was small (Burnham and Anderson 2002); in this case, A, = 5. Burnham 

and Anderson (2002) found that an approximate 95% confidence set of models included 

those with A, <4-7, and often those closer to A, = 4.

Estimates of the relative importance of individual predictor variables were 

calculated by summing Akaike weights across all models in a given set of models where 

the variable occurred (Burnham and Anderson 2002). The larger the value, the greater the 

importance relative to other variables in the model set.
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Data collected in 2002 were inappropriate for presence/absence analyses since 

sampling occurred only in the presence of whales. Inconsistencies in data collection 

methods and survey coverage over the two years precluded pooling data and adding Year 

to models as a categorical variable.

2.5.5. Habitat partitioning between fin  and humpback whales

Spatial segregation and overlap of fin and humpback whale high-use areas were 

assessed using kernel density probability contours. Placing point locations of sightings 

into the broader spatial context of kernel density probability contours enhanced 

evaluations of potential habitat partitioning.

Randomization tests were used to evaluate whether observed mean values of 

bathymetric variables associated with sightings differed significantly between fin and 

humpback whales within each year. These tests reorder and resample original data to 

create a sampling distribution (Manly 1997). The fin and humpback whale bathymetric 

data were combined for each variable by sampling period (determined as described for 

Monte Carlo tests in section 2.5.3). Pooled data were randomly reassigned to sample 

sizes equaling those of the respective species for the time period from which the data 

originated. Means were derived and the difference between the means calculated. This 

was repeated 5000 times for each variable. Differences in observed means were then 

compared to the sampling distribution. As a two-tailed test, the null hypothesis of no 

difference between fin and humpback whale mean depth, slope or DistMaxSlope 

distributions was rejected if less than 2.5% of the sampling distribution was either greater 

than or less than the observed difference in mean values.



Logistic regression models were generated to assess differential habitat use of fin 

and humpback whales. The probability of fin whale presence versus humpback whale 

presence, given the presence of whales at sampling stations, was modeled. The response 

variable was coded 1 for fin whales and 0 for humpback whales. Data from combined 

stations with whales present during July and August were used for 2003 models. Models 

created for 2002 included only CTD data collected during June and July. Methods were 

otherwise as described above for habitat use modeling by species.
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Figure 2.1. Northeast Kodiak Island study area. Place names mentioned in the text and 
isobaths in 50 m intervals are shown.
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Figure 2.2. Marmot Bay and Chiniak Bay bathymetry portrayed by depth intervals.
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Figure 2.3. Marmot Bay and Chiniak Bay bathymetry portrayed by slope gradients.
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Figure 2.4. Zones used to sub-divide the 2002 study area for survey purposes.
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Figure 2.5. Transect lines for each survey in 2003.
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3. RESULTS

3.1. Effort

3.1.1. Survey effort

Survey effort differed by year and was highly variable during 2002 (Table 3.1). 

Poor weather or vessel unavailabilty precluded surveying outer Marmot Bay in May and 

September 2002 and inner Marmot Bay in August 2002 (zones 3 and 4, respectively (Fig 

2.4)). Inconsistent spatial coverage necessitated limiting 2002 analyses to data collected 

during June and July— months with comparable sampling effort (Table 3.1, Fig. 3.1). The 

2002 study area, derived from combined June and July areas, encompassed 1503 km2.

Systematic survey methods in 2003 provided consistent effort and spatial 

coverage (Table 3.2, Fig. 3.2). Seven surveys were completed between mid-May and 

mid-September (Table 3.2). An eighth was scheduled for late June, but was cancelled due 

to vessel problems, leaving a 4-week gap in sampling. Surveys were otherwise conducted 

biweekly. Despite fewer survey days, spatial coverage was greater in 2003 (Table 3.2) 

than in 2002.

3.1.2. Sampling stations

Oceanographic and zooplankton sampling in the vicinity of whales in 2002 

yielded a total of 85 CTD and 16 zooplankton tows (Table 3.3). Effort limitations 

warranted using only the subset of CTD data collected during June and July in analyses. 

Zooplankton data were ultimately excluded from analyses because of limited sampling. 

Oceanographic sampling was comparable in June and July and for stations where fin and 

humpback whales were present (Table 3.3). The number of stations by species is greater



than the sum of all stations because stations where both species were present are included 

in counts for each species. Figure 3.3 illustrates the spatial distribution of CTD stations in 

June and July 2002.

In 2003, oceanographic and zooplankton sampling occurred May through 

September, at stations with and without whales present. A total of 131 combined stations, 

with successful CTD and zooplankton tows, were completed (Table 3.4). The lower 

number of combined stations during cruise 313 was due to an equipment malfunction. 

Whales were present at 53 combined stations (35 with fin whales, 23 with humpbacks) 

and absent from 78 (Table 3.4). The disparity in sampling by species coincides with 

monthly sighting rate differences. As in 2002, the number of stations by species exceeds 

the total for all stations since stations with both species present are included in counts for 

each species. Locations of combined stations sampled during full summer (May- 

September) and peak summer (July-August) are shown in Figure 3.4. Station locations by 

survey and month are in Appendix D.

3.2. Habitat

3.2.1. Bathymetry

Percent depth class and slope class compositions were calculated for each year’s 

respective survey area (Table 3.5 and Table 3.6). Despite differently shaped areas (Fig.

3.1 and Fig. 3.2), composition was similar both years. Approximately 75% of the survey 

areas were the 0-150 m depth classes. Only about 1% of the areas were the 250-350+ m 

depth classes. Two-thirds (62-68%) of the study areas were the 0-2 degree slope class, an



additional 20-23% were the 2-4 degree class. Slope classes between 10 and 20 degrees 

totaled approximately 1 % of the areas surveyed.

3.2.2. Oceanography

Parameters derived from CTD casts (Table 1.1) were evaluated for temporal 

variability (Appendix B). Mean water column temperature steadily increased from May 

(6.7° C) through September (9.4° C), while mean density correspondingly decreased 

from May (25.099 kg/mJ) through September (24.574 kg/m3). Mean water column 

salinity was stable from May (31.992 psu) to early August (32.011 psu), then decreased 

during late August through September (31.829 psu). Thermocline and pycnocline depths 

followed nearly identical patterns of being deepest in May (45.4 and 54.9 m, 

respectively) and September (49.1 and 49.0 m, respectively) and shallowest during June- 

August (18.2-25.1 m and 15.9-20.9 m, respectively). Mean stratification increased from 

May (14.9 J/m3) to September (99.2 J/m3). Stratification and depth were positively 

correlated (rs = 0.68, Appendix C), with stratification highest in the deepest regions of the 

study area and lowest in shallow regions where wind and, presumably, tidal mixing 

effects were most profound. Mean water column temperatures were significantly cooler 

in 2002 than in 2003. Due to the truncated 2002 dataset, only June and July temperatures 

were compared between years and were 0.88° and 0.91° C cooler, respectively, in 2002 

than in 2003 (Mann-Whitney U-tests: June: Z = -3.94, p < 0.0001; July: Z = -5.48, p < 

0.0001).



3.2.3. Zooplankton

Calanoid copepods dominated zooplankton abundance in 2003, accounting for 

50% of all taxa (averaged over all samples, May to September). Sixty-one percent of the 

total zooplankton taxa collected in 2003 were included in analyses—calanoid copepods 

(50%), euphausiids (8.3%), decapod shrimp (1.5%), larval fish (0.7%), and mysids 

(0.9%). The 39% not used in analyses included cirripedia nauplii (14.0%), crab zoea and 

megalops (7.0%), cnidarians (6.7%), and larvaceans (5.4%). Appendix E includes 

comprehensive lists of zooplankton identified in both survey years.

Calanoid copepods were further evaluated by genera. In 2003, Calanus spp. 

constituted 36.5% of calanoids overall and dominated in all months except May, when 

Neocalanus spp. abundance was highest. In addition to Calanus spp., calanoid copepod 

composition in 2003 included Metridia spp. (21.5%), Neocalanus spp. (12.7%),

3
Centropages spp. (11.8%), Acartia spp. (6.9%), Pseudocalanus spp. (6.3%), Eucalanus 

spp. (2.5%), and Other (1.9%). These values are not quantitative assessments of 

abundance, but, rather, represent relative occurrence in samples. Smaller taxa (e.g., 

Acartia spp., Centropages spp.) were likely inadequately captured by the 500 pm mesh 

net used for sampling.

Roughly 90% of calanoid copepods collected from June to September 2003 were 

between 1.0 and 4.0 mm in size. This percentage was lower in May (74%) when the 4.0- 

6.0 mm class (primarily Neocalanus spp.) constituted 25.4% of calanoids. The decrease 

in Neocalanus spp. in early summer affected the size class composition.
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Temporal variability in 2003 zooplankton abundance was illustrated with box 

plots (Appendix B). Calanoid abundance was highest in May when Neocalanus spp. was 

most abundant. Neocalanus spp. abundance decreased dramatically by June and 

continued declining to insignificant numbers through the study period. Pseudocalanus 

spp. abundance was consistent through July, but declined in August. Acartia spp. also 

exhibited seasonality with highest abundance in May and June and relatively low 

numbers July through September. Calanus spp. abundance remained fairly consistent 

throughout the summer, with a slight increasing trend through September.

Euphausiid non-adults (71.3%) and eggs (27.8%) dominated overall euphausiid 

abundance in 2003. Adult euphausiids accounted for an average of 0.9% of euphausiid 

counts/m3, with the proportion (3.3%) highest in July. Since counts do not account for 

biomass of adult euphausiids, which ranged in size from 12-28 mm, their relative 

importance as constituents of the Kodiak zooplankton community and prey base was 

likely underrepresented. Ninety-six percent of adult euphausiids were either Thysanoessa 

inermis (51.6%) or Thysanoessa raschii (44.1%).

Adult euphausiids were positively correlated with depth {rs = 0.51, Appendix C). 

The mean depth (SD) of 2003 combined stations with euphausiid adults present (n = 52) 

was 151.3 (53.2) m, compared to a mean depth of 86.3 (48.8) m at stations without 

euphausiid adults (n = 79). This difference was significant (Mann-Whitney U-tests: Z = -

6.04, p < 0.0001).

Larval fish comprised a small portion of overall sample counts in 2003. Mean 

monthly counts were low, except during August (Fig. B-2, Appendix B) when the mean
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was heavily influenced by a single tow with 22.3 larval fish/m3 collected near humpback 

whales off Izhut Bay. That sample consisted almost exclusively of capelin. Perhaps 

influenced by this tow, 71.3% of total larval fish abundance in 2003 was capelin, 

followed by Cottids (11.3%), unidentified larval fish (11.2%), and Pleuronectids (3.9%).

Mysids also constituted a small percentage of 2003 overall sample abundance. 

The marked increase in mysids in September (Fig. B-2, Appendix B) was largely caused 

by a single sample collected adjacent to a humpback whale. The unusually high mysid 

abundance of 16.8 organisms/m1 consisted entirely of Holmesimysis sculpta.

3.3. Whale distribution

The temporal and spatial distributions of fin and humpback whale sightings in 

June and July 2002 and May to September 2003 are summarized in Tables 3.7 and 3.8 

and illustrated in Figures 3.5 and 3.6. There were 105 fin and 88 humpback whale 

sightings recorded during June and July 2002, compared to 54 fin and 25 humpback 

sightings during the same period in 2003. Effort, however, differed between years. 

Accounting for effort as sightings per kilometer surveyed, sighting rates were lower for 

both species in June 2003 (0.05 and 0.04 sightings/km in 2002 compared to 0.03 and 0.01 

sightings/km in 2003 for fin and humpback whales, respectively). The sighting rate for 

fin whales in July was higher in 2003 (0.08 sightings/km) than in 2002 (0.06 

sightings/km). The July sighting rate for humpbacks, however, was higher in 2002 (0.06 

sightings/km) than in 2003 (0.04 sightings/km). Mean group size for both species and 

years was approximately 1.7 individuals.



Sightings and sighting rates were summarized both by cruise and by month for 

2003. Distribution was dynamic, with species occurrence fluctuating throughout the 

survey period (Table 3.9, Fig. 3.6). More fin whales than humpbacks were sighted during 

all but one survey (311), for a total of 111 sightings compared to 65 for humpbacks 

during May through September. Humpbacks were most numerous during peak summer 

(July and August), particularly early July and early August (Table 3.8, Table 3.9). 

Humpback sightings were relatively scarce in May, June, and September, with sighting 

rates of 0.01 sightings/km of survey effort. Fin whale sightings were most numerous in 

July, but sighting rates were also relatively high during May (0.05 sightings/km) and 

September (0.07 sightings/km).

Distance from vessel to sighting was calculated for each line transect-derived 

sighting. All 2002 and nearly all (98%) 2003 sightings were within the 2 nm buffers 

created to define survey area boundaries around each year’s respective tracklines.

3.3.1. High-use areas

Kernel density probability contours were generated, by species, for June and July 

2002 and for months in 2003 with greater than 20 sightings. The latter included July, 

August and September for fin whales, and July and August for humpback whales.

3.3.1.1. Fin whale high-use areas

Contours of June and July 2002 fin whale high-use, intermediate-use and “home- 

range” areas are shown in Figure 3.7 High-use areas were concentrated in Marmot 

Bay— inner Marmot Bay in June and outer Marmot Bay in July. Despite an apparent shift
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from inner to outer Marmot Bay, the smaller high-use area retained in inner Marmot Bay 

in July fell nearly completely within the June high-use contour.

Contours of use for fin whales were more localized in 2003 (Fig. 3.8). Some of 

the more moderately used areas (e.g., off Izhut Bay in August and Chiniak Trough in 

September) coincided with areas of use in 2002. The high-use areas, however, were 

concentrated in mid- to inner-Marmot Bay. Overlap among months was considerable, 

particularly in August and September.

During both 2002 and 2003, fin whale areas of high-use were entirely within 

Marmot Bay. Yet, there was little overlap in areas of high-use during July of the two 

years (Fig. 3.9). When all high-use contours for both years were combined (Fig. 3.10), 

there was extensive overlap between years in inner Marmot Bay, suggesting consistency 

of use, despite some temporal mismatch.

3.3.1.2. Humpback whale high-use areas

Kernel density probability contours of high-use, intermediate-use and general 

“home-range” for humpback whales during June and July 2002 were primarily centered 

in the Chiniak/Monashka Bay portions of the study area (Fig. 3.11). Lesser used areas 

were found in Marmot Bay during both months and an area of high-use was off Izhut Bay 

in June. The nearshore high-use area off Monashka Bay persisted from June to July, 

showing extensive overlap between months. The more offshore high-use areas were 

discrete and non-overlapping.

Areas used by humpbacks in July and August 2003 were strikingly different from 

the previous year (Fig. 3.12). The inshore high-use area of 2002 was absent in 2003. Use



contours were, instead, oriented north-south across Marmot Bay and near the offshore 

region of the study area from Izhut Bay to Chiniak Trough. No overlap was found in 

regions of high-use from July to August, nor were there any indications that high-use 

areas in July 2002 were used in 2003 (Fig. 3.13). When high-use contours from both July 

and August 2003 were overlaid on those for June and July 2002, overlap was marginal 

between the offshore July 2002 high-use area and the August 2003 area (Fig. 3.14). 

Humpback whale high-use areas in 2002 and 2003 were otherwise discrete.

3.4. Habitat Use

3.4.1. Preferential use o f bathymetric features

3.4.1.1. Fin whales

Fin whale distribution relative to depth (Z = 0.18, p  = 0.856), slope (Z = -0.05, p 

= 0.963), and DistMaxSlope (Z = -0.58, p  = 0.561) did not differ significantly between 

June and July 2002. Monte Carlo tests were, therefore, conducted for June and July 

combined data, as well as for each month separately. The latter enabled comparisons with

2003. Sampling design and effort disparities precluded statistically analyzing interannual 

differences, but results from the Monte Carlo tests were compared in general terms.

Fin whale distribution in 2003 differed significantly among cruises relative to 

slope (H = 14.35, p  = 0.026). DistMaxSlope did not differ significantly among cruises (H 

= 11.59, p  = 0.072) and depth differences were marginally not significant (H = 12.18,/? = 

0.058). Multiple comparisons of mean ranks highlighted the cruises with significantly 

different values, including cruise 308 slope distribution (p = 0.048) and cruise 306 depth 

distribution (p = 0.021). Omitting data from cruise 308 eliminated differences in slope
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distribution (H = 1.06, p  = 0.958), but resulted in significant differences (H = 12.64, p = 

0.027) in depth distribution. There were no differences among remaining cruises for any 

variable when both 306 and 308 were omitted. Several iterations of Monte Carlo 

simulations were subsequently generated: full season (May-September), all minus 308, 

all minus 306, all minus 306 and 308, July (308 and 309 combined), and 308 and 309 

separately.

Regardless of time period or subset, fin whales consistently associated with 

deeper depths than random (Table 3.10). In 2002 and 2003, mean depth distribution was 

significantly deeper than mean available depth (p < 0.001 - p  < 0.01). The standard 

deviation of the observed depth distribution was significantly smaller than random (p < 

0.001 —p <  0.01), except during June 2002 (Table 3.10). Fin whales showed similar 

preferential use of deeper water during July of both years.

Fin whales were also consistently closer to areas of maximum slope than if they 

were distributed randomly in 2002 and in 2003, although the level of significance varied 

by year (Table 3.10). When assessed separately, June and July mean fin whale 

DistMaxSlope was significantly closer at p < 0.05, yet was highly significantly closer (p 

< 0.001) when data were combined. Regardless of 2003 data set used, fin whales were 

substantially closer (p < 0.001) to areas of maximum slope and standard deviations were 

significantly smaller (p < 0.001) than random. Fin whales were closer than random to 

areas of maximum slope during July in both 2002 and 2003, but the mean observed 

values and levels of significance differed (1422.8 m, p  < 0.05 in 2002; 667.7 m, p < 0.001 

in 2003).



Fin whale distribution relative to slope was not consistent across years or data 

sub-sets (Table 3.10). This was apparently influenced by the high mean value (3.53 

degrees) during cruise 308 in 2003. Slope distribution did not differ from random in 

2002, nor did it differ in 2003 when 308 data were omitted. Datasets that included 308 

(May-Sept, All minus 306, July, 308) were significantly steeper than a random 

distribution (p < 0.001 —p  < 0.01). Because of this, fin whale associations with slope in 

July 2002 differed from that seen in July 2003.

3.4.1.2. Humpback whales

Distribution of humpback whales relative to depth (Z = -0.30, p  = 0.761), slope (Z 

= 1.23, p  = 0.217), and DistMaxSlope (Z = -1.02, p  = 0.308) did not differ significantly 

between June and July 2002. Monte Carlo tests were subsequently conducted for both 

June and July combined data and for each month separately.

Humpback whale distribution across all cruises in 2003 differed significantly 

relative to slope (H = 19.690,p = 0.003) and DistMaxSlope (H = 20.925,p  = 0.002), but 

not relative to depth (H = 9.381, p  = 0.153). Multiple comparisons of mean ranks 

revealed significant differences between cruises 308 and 311 for slope (p = 0.007) and 

DistMaxSlope (p = 0.0002). There were no significant differences between cruises for 

any bathymetric variables when cruise 311 was omitted. Monte Carlo tests of 2003 

humpbacks relative to random were conducted separately for all data (May-September), 

July only, all minus 311, and 311 only to see how each affected the outcome.

Results of Monte Carlo tests of depth, slope, and DistMaxSlope for humpback 

whales differed by year, variable and, in some cases, within years (Table 3.11). In June



and July 2002, the mean depth distribution of humpback whale sightings was not 

significantly different from a random distribution. Mean slope was consistently shallower 

than random (p < 0.001 —p <  0.05). DistMaxSlope varied temporally. Mean and standard 

deviation of humpback distance to maximum slope were significantly greater than a 

random distribution in June-July combined and in July alone (p < 0.001), but did not 

differ from random in June alone.

Humpback distribution was quite different and more varied in 2003. In May- 

September combined, July only, and cruise 311 only, humpbacks were found in 

significantly deeper waters than if they were distributed randomly (p < 0.05). However, 

when all cruises, except 311, were considered, the depth distribution did not differ from 

random, although the standard deviation was significantly smaller (p < 0.05). Slope was 

also highly variable: no different from a random distribution when full season was 

considered, significantly steeper than random in July (p < 0.01) and for all cruises minus 

311 {p < 0.05), yet significantly shallower when cruise 311 was considered alone (p < 

0.01). It appears that the shallower slope distribution during cruise 311 influenced the 

overall mean value for the full season. The influence of humpback distribution relative to 

DistMaxSlope during cruise 311 was even more profound. During that cruise, the mean 

DistMaxSlope for humpback sightings was significantly larger than a random distribution 

(p < 0.001, Table 3.11), although standard deviation was not. In July, and for all cruises 

minus 311, the mean observed value was significantly smaller than random (p < 0.05). 

Including the influential value from cruise 311 in the May-September data set, humpback
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distribution relative to DistMaxSlope did not differ significantly from a random 

distribution.

Preferential use of depth, slope, and DistMaxSlope by humpbacks during July 

differed by year. Depth distribution in July 2002 was no different from random, but was 

significantly deeper in 2003 (p < 0.05). Slope distribution was shallower than random in 

2002 (p  < 0.001), but deeper than random in 2003 (p < 0.01). In July 2002, distribution 

relative to DistMaxSlope was farther than random (p < 0.001), while it was closer than 

random in July 2003 (p < 0.05).

3.4.2. Habitat use models

Several logistic regression model sets were generated to assess the likelihood of 

whale presence given a selected suite of habitat data. Model selection uncertainty 

necessitated model averaging confidence sets of models (AAIQ < 5.0) from full model 

sets.

3.4.2.1. 2003 fin whale habitat use

Three logistic regression model sets were created for fin whale habitat use in 

2003: 1) May-September, all stations included, 2) May-September, station 3039013 

omitted, and 3) July-August, all stations included. The confidence set of models 

addressing the likelihood of fin whale presence during May-September, all stations, 

included up to six explanatory variables and a high degree of model selection uncertainty 

(Table 3.12). Model-averaged values and relative importance of selected variables (Table 

3.13) underscore the importance of Pseudocal and Pycnocline in predicting habitat use by 

fin whales during this time period. Remaining variables—EuphAdult, MeanSal,



MeanTemp, and Mysids— were of lesser importance and have confidence intervals that 

bounded zero. Estimated coefficients for the model-averaged variables suggest positive 

associations between fin whales and Pseudocalanus spp. abundance, pycnocline depth, 

adult euphausiid abundance and mean water column salinity, and an inverse relationship 

between fin whales and water temperature and mysid abundance (Table 3.13).

EuphAdult, the relative importance of which ranked third among the variables and well 

below Pseudocal and Pycnocline, may still be influential in determining fin whale 

presence. The confidence interval bounded zero, but was positively skewed, suggesting 

an association (Hosmer and Lemeshow 2000) between adult euphausiid density and fin 

whale presence.

Logistic regression models were constructed for May-September 2003 fin whale 

presence with station 3039013 omitted from the data set. Fin whales associated, overall, 

with higher abundances of calanoid copepods, particularly in May when Neocalanus spp. 

was most prevalent (Fig. 3.15). Station 3039013 occurred alongside two groups of 

surface feeding fin whales on 22 May and included the highest Neocalanus spp. count in 

2003 (311.5 organisms/m3), nearly five times the second highest count. This station also 

had the highest recorded Pseudocalanus spp. density (53.0 organisms/m3). Removing this 

station from the data set removed the most extreme, and potentially influential, values 

from the modeling process. Omitting this station did not dramatically influence model 

selection (Table 3.14) or model averaging outcomes (Table 3.15) for fin whale presence 

during May-September. Model selection uncertainty was evident, with 38 models 

comprising the confidence set of models compared to 23 when station 3039013 was
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included. Pseudocal and Pycnocline remained the most important variables, although 

their relative importance was lower than in the previous model set and the model 

averaged confidence interval for Pseudocal bounded zero when station 3039013 was 

omitted. EuphAdult relative importance was unchanged. MeanTemp was retained in the 

model, but with decreased relative importance and a narrower confidence interval. 

Calanus and MeanSig replaced Mysids and MeanSal in the model, both with low relative 

importance (Table 3.15). MeanSal and MeanSig are highly correlated (rs -  0.74) and 

acted similarly in the respective models, with confidence intervals bounding zero, but

skewed positively to the right.

Models predicting fin whale presence during July and August included four 

variables— Pseudocal, Pycnocline. EuphAdult, MeanTemp. All were common to both 

model sets predicting May-September fin whale presence and habitat use. Model 

selection uncertainty existed (Table 3.16), with eight models in the confidence set used 

for model averaging. Pseudocal had, by far, the highest relative importance (0.969) of all 

variables in the model set and the only confidence interval not bounding zero. The 

relative importance of Pycnocline, although still influential, was far less than when the 

full season was considered. The shoaling and stabilizing of the pycnocline in peak 

summer likely contributed to this difference. Associations between fin whales and 

euphausiid adult abundance and cooler water temperatures were suggested by the models 

(Table 3.17).
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3.4.2.2. 2003 humpback whale habitat use

Two sets of models were developed for humpback whale habitat associations 

during July-August 2003. The first included all stations and resulted in a confidence set 

of 20 models with one to five explanatory variables (Table 3.18). Model-averaged 

estimates show positive associations of humpback whale presence with EuphAdult, 

LarvalFish, and Pseudocal, DistMaxSlope and MeanSal (Table 3.19). Euph Adult had the 

highest relative importance of all parameters (0.892), followed by LarvalFish (0.738). All 

of the confidence intervals, however, bounded zero. EuphAdult confidence interval is 

positively skewed, indicating an important association with humpback whale presence. In 

addition, confidence intervals did not bound zero for this parameter in several of the 

individual models comprising the confidence set of models, despite doing so once model- 

averaged. LarvalFish also exhibited a positively skewed confidence interval suggesting 

an important association, yet confidence intervals for contributing models also bounded 

zero.

Model sets were developed for humpback whale habitat use during July-August 

excluding station 3119018. The station was sampled on 8 August 2003 in the vicinity of 

two groups (6 individuals) of humpback whales and had the highest larval fish count 

(22.3/nr) recorded that year. The sample consisted almost exclusively of larval capelin. 

This density was 10 times the second highest larval fish count in 2003, which was 

collected the same day. Modeling revealed model selection uncertainty and resulted in a 

confidence set of 18 models (Table 3.20). Removing this station influenced the outcome 

by greatly reducing the relative importance of larval fish as an explanatory variable and



further highlighted the relative importance of adult euphausiid abundance (Table 3.21). 

EuphAdult remained the most important explanatory variable in the set of parameters, 

although the confidence interval bounded zero as seen previously. As with the first 

model-averaging, several contributing model confidence intervals for EuphAdult did not 

bound zero, plus the strong positive skew indicates an important association between 

humpback whale presence and euphausiid adults. Pseudocal was retained in the model 

and Depth replaced MeanSal. The negative estimate for depth indicates an association of 

humpback whales with shallow waters compared to sampling locations absent of whales.

DistMaxSlope became second in relative importance when LarvalFish importance 

diminished, yet the effect size of the parameter estimate (Table 3.21) appears to be quite 

small and seemingly inconsequential. Units of measure, however, need to be considered 

here. A parameter estimate represents the rate of change of a function of the response 

variable (humpback presence) per unit change in the explanatory variable (1 m for 

DistMaxSlope) (Hosmer and Lemeshow 2000). With values ranging from 0-6000 m, a 

change of 1 m of distance will elicit little change in the response variable. The slope may, 

therefore, be small, but the parameter still influential. Contrast this with the parameter 

estimate for EuphAdult (Table 3.21); observed values for this variable were in the single 

digits.

3.5. Habitat partitioning between fin and humpback whales

3.5.1. High-use area overlap

In 2002, high-use areas for fin and humpback whales were distinct and non- 

congruent (Fig. 3.16). A portion of the July 2002 fin whale high-use area off Izhut Bay



encompassed an area used by humpbacks in June 2002. For the most part, fin whales 

used Marmot Bay in the northern part of the study area, while humpbacks concentrated 

more in the central part of the study area in Monashka/Chiniak Bays.

In contrast, humpback and fin whale high-use areas coincided both spatially and 

temporally in central Marmot Bay during July 2003 (Fig. 3.17). There was no overlap 

during August when fin whales concentrated in inner Marmot Bay and humpbacks were 

over the broad flat area east of Spruce Island in the center of the study area. Fin whale 

high-use areas were in Marmot Bay exclusively, while humpbacks utilized three discrete 

high-use areas from Marmot Bay to the head of Chiniak Trough in 2003.

3.5.2. Distribution relative to bathymetry

Randomization tests were conducted using several datasets (Table 3.22), 

determined as described in section 3.4.2. for assessing temporal differences in 

bathymetric variables by species. Slope associations by species exhibited the greatest 

temporal variability, warranting analysis of several data sub-sets.

Fin whales generally associated with deeper water than did humpback whales.

This difference was highly significant (p < 0.001) in June and July 2002 and during 

cruise 306 in 2003. However, the small sample size for the latter (n = 2 humpbacks and 9 

fin whales) could have affected the outcome. Humpback whale association with deeper 

water in 2003 than in 2002 is reflected in randomization results and significance levels. 

Mean fin whale depth distribution was significantly deeper (p  < 0.05) than that for 

humpbacks for all cruises combined and for all cruises minus 306 (p < 0.01). Distribution
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relative to depth did not differ significantly during July 2003 when fin whales and 

humpback whales most co-occurred.

Differences in mean slope associated with whales varied by year. In 2002, fin 

whales were consistently associated with steeper slopes than humpbacks, although the 

level of significance varied (Table 3.22). With the exception of cruise 311 in 2003, fin 

whales and humpback whales were not distributed differently relative to slope in 2003. 

During cruise 311, mean slope associated with humpbacks was significantly shallower (p 

< 0.05) than that for fin whales.

Regardless of time period considered, fin whales were consistently closer to areas 

of maximum slope than were humpbacks. During June and July 2002, May-September 

and cruise 311 in 2003, that difference was highly significant (p < 0.001) (Table 3.22).

3.5.3. Differential habitat use

Logistic regression models assessing differential habitat use by fin whales and 

humpback whales predicted the presence of fin whales (response variable = 1) as opposed 

to humpback whales (response = 0) when whales were present. Therefore, parameter 

estimates indicate positive or negative associations with fin whale presence relative to 

humpbacks.

A confidence set of models developed for June-July 2002 CTD and bathymetric 

data revealed little model selection uncertainty (Table 3.23). The most highly weighted 

model (w, = 0.766) was below the 0.90 model certainty level, necessitating inclusion of 

two additional models in model averaging. MeanTemp, DistMaxSlope and StratParam all 

showed high relative importance and confidence intervals that did not bound zero (Table



3.24). The top performing model included all three variables. Modeling results indicated 

that fin whales associated with cooler water temperatures, more stratified waters, and 

were closer to areas of maximum slope than were humpback whales during June and July 

2002.

Models generated for July-August 2003 fin whale and humpback whale habitat 

partitioning showed greater model selection uncertainty than 2002 models, with 18 

models in the resulting confidence set (Table 3.25). DistMaxSlope was the parameter of 

greatest relative importance, far exceeding the second most important variable,

Pycnocline (Table 3.26). StratParam was the third ranked parameter in relative 

importance, but at a level roughly half that seen in 2002 model averaging. All confidence 

intervals bounded zero. Model averaged parameter estimates suggest that fin whales were 

closer to areas of maximum slope, associated with deeper, more stratified waters, deeper 

pycnoclines and lower densities of adult euphausiids than humpback whales in July- 

August 2003. Although EuphAdult was included in several models, the relative 

importance of this variable was low (0.292).

Adult euphausiid abundance, however, was highest where fin and humpback 

whales co-occurred. Combined stations with both species present (n = 5) had 

significantly higher counts of adult euphausiids than did stations with only fin whales or 

humpbacks present (n = 48) (Mann-Whitney U-test: Z = 3.07, p  = 0.0021). Although the 

sample size for stations with both species present is small, the statistic still suggests a 

trend worth noting. In addition, a supplemental sample (station 3089023) collected in the 

vicinity of approximately 9 individual fin whales and 16 individual humpback whales on
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11 July 2003 had the highest adult euphausiid density recorded in 2003 (7.1/m3). These 

data were excluded from analyses because they were supplemental.
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/ \ / Whale-directed Survey 
/V /H y d ro a c o u s tic  Prey Survey 
| 1 2002 June-July Survey Area

Figure 3.1. June and July 2002 combined survey area and on-effort tracklines for monthly
hydroacoustic and weekly whale-directed surveys.
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Figure 3.2. May-September 2003 survey area and on-effort tracklines. 
Heavy parallel lines are transects traversed each survey.
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Figure 3.3. June and July 2002 CTD station locations. Adjacent or overlapping 
stations were from different sampling periods.
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Figure 3.4. Locations of combined stations sampled during July and August (top) and
May to September 2003 (bottom). Symbols indicate whale presence or absence at the
time of sampling. Adjacent or overlapping stations were from different sampling periods.
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Figure 3.5. Fin and humpback whale sightings distribution in 2002. (A) June, (B) July 
and (C) June and July combined 2002. Symbol sizes represent number of individuals per 
sighting.
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Figure 3.6. Fin and humpback whale sightings distribution by cruise in 2003.
(A) Cruise 303: 20-23 May, (B) Cruise 306: 2-6 June, (C) Cruise 308: 7-11 July, (D) 
Cruise 309: 21-25 July, (E) Cruise 311:4-8 August, (F) Cruise 313: 25-29 August, (G) 
Cruise 314: 12-16 September, and (H) all cruises combined. Symbol size represents 
number of individuals per sighting.
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Figure 3.6 (cont).
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Figure 3.6 (cont).
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Figure 3.6 (cont.).
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Figure 3.7. Contours of use (high, intermediate, “home-range”) for fin whales during (A)
June and (B) July 2002.



65

Figure 3.8. Contours of use (high, intermediate, “home-range”) for fin whales during (A)
July, (B) August, and (C) September 2003.
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Figure 3.8 (cont).
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Figure 3.10. June-July 2002 and July-August-September 2003 fin whale high-use areas in 
Marmot Bay. Inner Marmot Bay shows extensive and consistent use when all months are 
combined.
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Figure 3.11. Contours of use (high, intermediate, “home-range”) for humpback whales
during (A) June and (B) July 2002.
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Figure 3.12. Contours of use (high, intermediate, “home-range”) for humpback whales
during (A) July and (B) August 2003.
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Figure 3.14. June-July 2002 and July-August 2003 humpback whale high-use areas. 
There was minimal overlap only between July 2002 and August 2003.
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Figure 3.15. Mean monthly calanoid copepod abundance and composition (by genus) 
from sampling stations associated with fin whales, humpback whales, and no whales in 
2003. Numbers atop each bar are sample sizes (number of combined stations) from which 
monthly means were derived.



Figure 3.16. June and July 2002 fin and humpback whale high-use areas, showing distinct 
regions of use. The spatially coincident region off Izhut Bay was not temporally 
coincident.



153°Q0' 152°5 O' 152°40’ 152°3G’ 152*20’ 152°10’ 152*00' 15r5Q’ 15T40’

July 2003 Humpbacks IBM High-use 
August 2003 Humpbacks 

High-use 
July 2003 Fin whales 
m i l  High-use 
August 2003 Fin whales 

High-use
w

Figure 3.17. July and August 2003 fin and humpback whale high-use areas, showing 
extensive overlap in July, but not in August.
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Table 3.1. 2002 survey effort.

Month Survey
days

Track length 
(km)

Area
surveyed

(km2)

May 3 126.8 924.0
June 14 994.8 1376.7
July 16 911.5 1299.3
August 10 531.2 1392.9
September 6 301.4 1126.9

Total 49 2865.6 1732.9a
a Total area surveyed denotes size of overall study area, 
all surveys included, not cumulative area.

Table 3.2. 2003 survey effort.

Month Cruise Survey
dates

Survey
days

Track
length
(km)

Area
surveyed

(km2)

Track length 
by month 

(km)

Area surveyed 
by month 

(km2 )

May 303 20-23 May 4 310.4 1800.1 310.4 1800.1
June 306 2-6 June 5 319.7 1788.6 319.7 1788.6
July 308 7-11 July 5 292.3 1787.1 558.9 1838.7

309 21-25 July 4 266.6 1692.8
August 311 4-8 Aug 5 326.4 1840.0 637.4 1852.6

313 25-29 Aug 5 311.0 1744.0
September 314 12-16 Sept 5 320.0 1853.6 320.0 1853.6

Total 33 2146.4 1943.3a 2146.4 1943.3a
a Total area surveyed denotes size of overall study area, all surveys included, not cumulative area.
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Table 3.3. 2002 CTD and zooplankton sampling effort by month and by species present. 
Number of sightings is in parentheses.

CTD stations3 Zooplankton stations3

Month Fin whales Humpback
whales

Total
stations Fin whales Humpback

whales
Total

stations

June 13(15) 17(19) 27 (34) 0 0 0

July 17 (26) 21 (25) 34 (51) 0 2 (2 ) 2 (2 )
August 1 1 (2 1 ) 8(9) 18 (30) 6(14) 5(7) 1 0 (2 1 )
September 5(8) 1 ( 1 ) 6(9) 3(4) KD 4(5)

Total 46 (70) 47 (54) 85 (124) 9(18) 8 ( 1 0 ) 16(28)
a Eight CTD stations (3 in June, 4 in July, 1 in August) and one zooplankton station (August) are 
listed under both fin whales and humpbacks as both species were present at the stations.

Table 3.4. 2003 combined sampling stations by month and by whale presence, absence 
and species. Number of sightings is in parentheses.

Combined stations by whale speciesa 
(# of sightings)

Month Cruise Fin whales Humpback whales No whales Tota

Cruise Month Cruise Month Cruise Month

May 303 8 ( 1 1 ) 8 ( 1 1 ) 1 ( 1 ) K D 1 0 1 0 19
June 306 5(7) 5(7) 1 (2 ) 1 (2 ) 15 15 2 1

July 308 7(15) 13 (24) 8 ( 1 1 ) 9(15) 1 0 23 2 2

309 6(9) 1 (4) 13 2 0
August 311 3(4) 6 ( 1 0 ) 6(15) 9(18) 1 2 19 19

313 3(6) 3(3) 7 13
September 314 3(7) 3(7) 3(3) 3(3) 11 1 1 17

Total__________________________ 35 (59)____________ 23 (39)________________ 78 131
Five stations (3 in July, 2 in August) are listed under both fin whales and humpbacks as both 

species were present. Totals are actual numbers of stations and do not include duplicate listings.
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Table 3.5. Depth class composition of 2002 and 2003 study areas. All values are 
percentages.

r'. , Survey areaDepth class
(m) 2002 2003

0-50 30.0 27.3
50-100 24.4 24.0
100 - 150 22.2 22.7
150-200 14.6 17.7
200 - 250 7.5 7.3
250 - 300 1.1 0.9
300 - 350 0.2 0.1
>350 0.0 0.0

Table 3.6. Slope class composition of 2002 and 2003 study areas. All values are 
percentages.

Slope class Survey area

(degs) 2002 2003

0-2 62.2 67.9
2-4 22.9 19.8
4-6 8.3 7.0
6-8 3.7 3.0
8-10 1.6 1.3
10-12 0.7 0.5
12-14 0.4 0.3
14-16 0.2 0.1
16-18 0.1 0.1
18-20 0.0 0.0
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Table 3.7. June and July 2002 fin and humpback whale sightings. Number of individual 
whales is in parentheses.

Sightings (Individuals)

Month Fin whales Humpback
whales

June 46 (77) 37 (60)
July 59 (94) 51 (87)

Total 105 (171) 88 (147)

Table 3.8. 2003 fin and humpback sightings by month and cruise. Number of individual 
whales is in parentheses.

Month Cruise

Sightings (Individuals)

Fin whales Humpback whales

Cruise Month Cruise Month

May 303 16(22) 16 (22) 4(7) 4(7)
June 306 9(17) 9(17) 2(2) 2(2)
July 308 27 (53) 45 (83) 17 (40) 23 (53)

309 18(30) 6(13)
August 311 9(18) 20 (32) 22 (34) 32(47)

313 11(14) 10(13)
September 314 21(30) 21 (30) 4(6) 4(6)

Total 111 (184) 65 (115)
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Table 3.9. 2003 sightings of fin whales and humpback whales corrected for effort.

Month Cruise

Sightings/km effort

Fin whales Humpback whales

Cruise Month Cruise Month

May 303 0.05 0.05 0.01 0.01
June 306 0.03 0.03 0.01 0.01
July 308 0.09 0.08 0.06 0.04

309 0.07 0.02
August 311 0.03 0.03 0.07 0.05

313 0.04 0.03
September 314 0.07 0.07 0.01 0.01



79

Table 3.10. Results of Monte Carlo tests of observed means and standard deviations of 
fin whale distribution relative to bathymetric variables. 0 = observed values; (j, = 
sampling distribution values.

Variable Time period n
Mean Standard deviation

e 0

Depth (m) 2002
June-July 105 125.5*** 92.5 46.1*** 61.1
June 46 127 7*** 92.2 51.2 60.9
July 59 123.7*** 92.5 49 j*** 60.9

2003
May-Sept 111 126.9*** 96.3 42 5 *** 60.5
All minus 308 84 126.6*** 96.4 42 5 *** 60.4
All minus 306 102 130.6*** 96.2 419*** 60.4
All minus 306 & 308 75 131.7*** 96.4 4 ] 7 *** 60.4
July (308 & 309) 45 132.4*** 96.6 4 ] 1*** 60.5
308 only 27 127.6** 96.4 43.1** 60.1
309 only 18 139.6** 96.3 37  7 ** 59.9

Slope (degs) 2002
June-July 105 2.34 2.23 2.16 2.17
June 46 2.28 2.23 2.07 2.15
July 59 2.38 2.24 2.24 2.16

2003
May-Sept 111 2.62** 2.01 2.34 2.11
All minus 308 84 2.32 2.00 2.40 2.09
All minus 306 102 2.63** 2.01 2.29 2.11
All minus 306 & 308 75 2.30 2.01 2.35 2.10
July (308 & 309) 45 3 Ij* * * 2.00 2.23 2.06
308 only 27 3.53*** 2.00 1.86 2.02
309 only 18 2.48 2.00 2.63 1.97

DistM axSlope (m) 2002
June-July 105 1355.6*** 1936.0 1450.1** 2091.3
June 46 1269.5* 1930.6 1395.1* 2065.1
July 59 1422.8* 1931.8 1499.9 2074.6

2003
May-Sept 111 1128.9*** 2567.2 1360.0*** 2741.7
All minus 308 84 1307.4*** 2564.0 I 4 4 4 7 *** 2731.6
All minus 306 102 1100.9*** 2560.0 1323.3*** 2736.2
All minus 306 & 308 75 1290.8*** 2564.5 1411.5*** 2732.9
July (308 & 309) 45 667.7*** 2559.0 771 1*** 2716.6
308 only 27 573.6*** 2569.0 859.9*** 2697.7
309 only 18 808.9*** 2555.9 610.7*** 2660.1

*** , p  <0 .001; ** , p  < 0 .01 ; * , p  <0 .05
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Table 3.11. Results of Monte Carlo tests of observed means and standard deviations of 
humpback whale distribution relative to bathymetric variables. 0 = observed values; p = 
sampling distribution values.

Variable Time period n
Mean Standard deviation

6 9 li

Depth (m) 2 0 0 2  

June-July 8 8 93.3 92.3 63.1 61.0
June 37 93.6 92.4 70.3 60.9
July 51 93.0 92.3 58.0 60.7

2003
May-Sept 65 114.2* 96.2 51.6* 60.3
July 23 120.3* 96.3 41.1** 60.1
All minus 311 43 108.8 96.4 48.6* 60.2
31lonly 2 2 124.8* 96.4 56.7 60.2

Slope (degs) 2 0 0 2

June-July 8 8 j 5 3 *** 2.23 1.45* 2.18
June 37 1 .6 8 * 2.23 1.45 2 . 1 2

July 51 1 42*** 2.24 1.46 2.16

2003
May-Sept 65 2 . 1 2 2 . 0 1 2.65 2 . 1 0

July 23 3.48** 2 . 0 2 3.79* 2.03
All minus 311 43 2 .6 6 * 2 . 0 1 2.97 2.06
311 only 2 2 1.06** 2 . 0 1 1.40 2 . 0 2

DistMaxSlope (m) 2 0 0 2

June-July 8 8 2863.3*** 1935.3 2722.7** 2082.4
June 37 2149.9 1929.3 1686.4 2061.1
July 51 3380.9*** 1931.6 3 1 9 3  9 *** 2069.3

2003
May-Sept 65 2828.2 2559.2 2626.6 2728.0
July 23 1415.8* 2560.3 1961.1 2690.4
All minus 311 43 1743.7* 2566.9 1825.0* 2719.4
31 lonly 2 2 4947.8*** 2560.6 2692.4 2666.3

*** n n nm • ** n «< n ni • **** , p  < 0 .0 0 1 ; ** , p  < 0 .0 1 ; * , p  <0.05
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Modela K A IQ AAICf w, j
likelihood

Table 3.12. Confidence set of logistic regression models of fin whale habitat use, May-
September 2003. Models are sorted by AAIC, and Akaike weights (w,). K is the number
of model parameters plus the intercept.

12 3 133.322
123 4 133.840
124 4 133.911
126 4 134.048
1236 5 134.289
125 4 134.598
1234 5 134.725
1246 5 135.003
1235 5 135.119
12346 6 135.544
1256 5 135.783
1245 5 135.924
12356 6 136.064
12345 6 136.710
12456 6 137.187
1 2 137.570
25 3 137.725
123456 7 137.743
235 4 137.817
15 3 137.924
13 3 138.031
16 3 138.173
136 4 138.270

0.000 0.105 1.000
0.518 0.081 0.772
0.589 0.078 0.745
0.726 0.073 0.696
0.967 0.065 0.617
1.276 0.055 0.528
1.403 0.052 0.496
1.681 0.045 0.432
1.797 0.043 0.407
2.222 0.035 0.329
2.461 0.031 0.292
2.602 0.029 0.272
2.742 0.027 0.254
3.388 0.019 0.184
3.865 0.015 0.145
4.248 0.013 0.120
4.403 0.012 0.111
4.420 0.012 0.110
4.495 0.011 0.106
4.602 0.011 0.100
4.709 0.010 0.095
4.851 0.009 0.088
4.948 0.009 0.084

““Model numbers represent parameters comprising each model:
1 = Pseudocal, 2 = Pycnocline, 3 = EuphAdult, 4 = MeanSal, 5 = MeanTemp, 6 = Mysids.
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Table 3.13. Model-averaged parameter estimates, standard errors, and 95% confidence 
intervals from the confidence set of models for May-September 2003 fin whale habitat- 
use. Relative importance of model parameters was derived from the full set of candidate 
models for balanced representation of each parameter in the model set.

Parameter

Model averaged values

Relative
importance Estimate SE

95% Confidence interval 

Lower Upper

Pseudocal 0.864 0.0629 0.0278 0.0073 0.1184
Pycnocline 0.875 0.0131 0.0054 0.0023 0.0239
EuphAdult 0.447 0.4845 0.4061 -0.3276 1.2967
MeanSal 0.366 1.9361 1.8483 -1.7604 5.6327
MeanTemp 0.339 -0.1623 0.2189 -0.6001 0.2755
Mysids 0.402 -1.1462 1.1556 -3.4574 1.1651
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Table 3.14. Confidence set of logistic regression models of fin whale habitat use, May-
September 2003, excluding station 3039013. Models are sorted by AAICc and Akaike
weights (w/). K is the number of model parameters plus the intercept.

Model* K AICc AAICc W/
Model

likelihood

12 3 133.251 0.000 0.102 1.000
123 4 133.755 0.504 0.079 0.777
125 4 133.855 0.604 0.075 0.739
1235 5 134.484 1.233 0.055 0.540
126 4 134.515 1.264 0.054 0.532
124 4 134.966 1.715 0.043 0.424
1236 5 135.018 1.767 0.042 0.413
1245 5 135.361 2.110 0.035 0.348
1234 5 135.609 2.358 0.031 0.308
1246 5 135.907 2.656 0.027 0.265
145 4 135.968 2.717 0.026 0.257
15 3 135.977 2.726 0.026 0.256
12345 6 136.161 2.910 0.024 0.233
135 4 136.202 2.951 0.023 0.229
1345 5 136.554 3.303 0.019 0.192
12346 6 136.588 3.337 0.019 0.189
16 3 136.636 3.385 0.019 0.184
136 4 136.655 3.404 0.019 0.182
1346 5 136.741 3.490 0.018 0.175
46 3 136.881 3.630 0.017 0.163
1 2 137.133 3.882 0.015 0.144
45 3 137.273 4.022 0.014 0.134
2 2 137.296 4.045 0.013 0.132
14 3 137.302 4.051 0.013 0.132
346 4 137.394 4.143 0.013 0.126
25 3 137.477 4.226 0.012 0.121
134 4 137.598 4.347 0.012 0.114
26 3 137.612 4.361 0.011 0.113
23 3 137.702 4.451 0.011 0.108
246 4 137.786 4.535 0.011 0.104
245 4 137.931 4.680 0.010 0.096
345 4 137.963 4.712 0.010 0.095
236 4 138.001 4.750 0.009 0.093
235 4 138.039 4.788 0.009 0.091
24 3 138.109 4.858 0.009 0.088
36 3 138.163 4.912 0.009 0.086
6 2 138.183 4.932 0.009 0.085
5 2 138.194 4.943 0.009 0.084

aModel numbers represent parameters comprising each model:
1 = Pycnocline, 2 = Pseudocal, 3 = EuphAdult, 4 = Calanus, 5 = MeanSig, 6 = MeanTemp.
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Table 3.15. Model-averaged parameter estimates, standard errors, and 95% confidence 
intervals from the confidence set of models for May-September 2003 fin whale habitat- 
use, excluding station 3039013. Relative importance of model parameters was derived 
from the full set of candidate models for balanced representation of each parameter in the 
model set.

Model averaged values

95% Confidence interval

Parameter Relative
importance Estimate SE Lower Upper

Pycnocline 0.781 0.0118 0.0054 0.0009 0.0226
Pseudocal 0.703 0.0563 0.0298 -0.0032 0.1158
EuphAdult 0.445 0.4798 0.4070 -0.3342 1.2939
Calanus 0.381 0.0099 0.0097 -0.0094 0.0293
MeanSig 0.361 1.4274 1.0258 -0.6242 3.4791
MeanTemp 0.283 -0.2599 0.2087 -0.6774 0.1576
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Table 3.16. Confidence set of logistic regression models of fin whale habitat use, July-
August 2003. Models are sorted by AAICc and Akaike weights (w,). K is the number of
model parameters plus the intercept.

Model K AICc AAICc W/ Model
likelihood

124 4 66.472 0.000 0.179 1.000
123 4 66.872 0.400 0.146 0.819
12 3 66.913 0.441 0.143 0.802
1 2 67.218 0.746 0.123 0.689
14 3 67.480 1.008 0.108 0.604
1234 5 67.509 1.037 0.106 0.596
13 3 67.545 1.073 0.104 0.585
134 4 68.671 2.199 0.059 0.333

aModel numbers represent parameters comprising each model:
1 = Pseudocal, 2 = Pycnocline, 3 = EuphAdult, 4 = MeanTemp.

Table 3.17. Model-averaged parameter estimates, standard errors, and 95% confidence 
intervals from the confidence set of models for July-August 2003 fin whale habitat-use. 
Relative importance of model parameters was derived from the full set of candidate 
models for balanced representation of each parameter in the model set.

Parameter

Model averaged values

Relative
importance Estimate SE

95% Confidence interval 

Lower Upper

Pseudocal 0.969 0.1508 0.0733 0.0043 0.2974
Pycnocline 0.592 0.0207 0.0120 -0.0034 0.0448
EuphAdult 0.431 0.7036 0.7651 -0.8265 2.2337
MeanTemp 0.479 -0.6215 0.4600 -1.5414 0.2984
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Table 3.18. Confidence set of logistic regression models of humpback whale habitat use,
July-August 2003. Models are sorted by AAICc and Akaike weights (w,). K is the number
of model parameters plus the intercept.

Model* K AIQ AAIQ W/ Model
likelihood

1234 5 69.705 0.000 0.129 1.000
123 4 69.794 0.089 0.123 0.956
12 3 70.216 0.510 0.100 0.775
125 4 70.218 0.513 0.100 0.774
124 4 71.139 1.434 0.063 0.488
1235 5 71.345 1.640 0.057 0.440
1 2 71.595 1.889 0.050 0.389
13 3 71.627 1.921 0.049 0.383
1245 5 71.704 1.999 0.047 0.368
12345 6 71.916 2.211 0.043 0.331
134 4 72.049 2.344 0.040 0.310
14 3 72.738 3.032 0.028 0.220
15 3 73.086 3.380 0.024 0.184
135 4 73.853 4.148 0.016 0.126
234 4 74.004 4.299 0.015 0.117
24 3 74.086 4.380 0.014 0.112
1345 5 74.423 4.718 0.012 0.095
145 4 74.556 4.851 0.011 0.088
2 2 74.665 4.959 0.011 0.084
25 3 74.667 4.961 0.011 0.084

‘Model numbers represent parameters comprising each model:
1 = EuphAdult, 2 = LarvalFish, 3 = DistMaxSlope, 4 = Pseudocal, 5 = MeanSal.
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Table 3.19. Model-averaged parameter estimates, standard errors, and 95% confidence 
intervals from the confidence set of models for July-August 2003 humpback whale 
habitat-use. Relative importance of model parameters was derived from the full set of 
candidate models for balanced representation of each parameter in the model set.

Model averaged values

95% Confidence interval

Parameter Relative
importance Estimate SE Lower Upper

EuphAdult 0.892 1.3853 1.1054 -0.8255 3.5960
LarvalFish 0.738 0.8926 0.7879 -0.6831 2.4684
DistMaxSlope 0.515 0 . 0 0 0 2 0 . 0 0 0 1 -0 . 0 0 0 1 0.0005
Pseudocal 0.440 0.0842 0.0772 -0.0701 0.2385
MeanSal 0.352 2.8015 3.0165 -3.2315 8.8344
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Table 3.20. Confidence set of logistic regression models of humpback whale habitat use,
July-August 2003, excluding station 3119018. Models are sorted by AAICc and Akaike
weights (w,). K is the number of model parameters plus the intercept.

Model3 K AIQ AAIQ w, muuei
likelihood

1 2 68.709 0.000 0.101 1.000
1234 5 68.719 0.010 0.101 0.995
12 3 68.796 0.087 0.097 0.957
123 4 68.957 0.247 0.089 0.884
13 3 69.654 0.945 0.063 0.623
1235 5 69.726 1.017 0.061 0.601
125 4 69.808 1.098 0.058 0.577
124 4 69.925 1.215 0.055 0.545
12345 6 69.996 1.287 0.053 0.525
14 3 70.089 1.380 0.051 0.502
15 3 70.223 1.514 0.047 0.469
134 4 70.419 1.709 0.043 0.425
135 4 71.153 2.443 0.030 0.295
1245 5 71.349 2.640 0.027 0.267
145 4 71.927 3.217 0.020 0.200
1345 5 72.334 3.625 0.017 0.163
3 2 72.422 3.713 0.016 0.156
23 3 72.747 4.038 0.013 0.133

‘‘Model numbers represent parameters comprising each model:
1 = EuphAdult, 2 = DistMaxSlope, 3 = Pseudocal, 4 = Depth , 5 = LarvalFish.
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Table 3.21. Model-averaged parameter estimates, standard errors, and 95% confidence 
intervals from the confidence set of models for July-August 2003 humpback whale 
habitat-use, excluding station 3119018. Relative importance of model parameters was 
derived from the full set of candidate models for balanced representation of each 
parameter in the model set.

Model averaged values

95% Confidence interval

Parameter Relative
importance Estimate SE Lower Upper

EuphAdult 0.913 1.9634 1.5064 -1.0494 4.9761
DistMaxSlope 0.584 0 . 0 0 0 2 0 . 0 0 0 1 -0.00004 0.0005
Pseudocal 0.519 0.0852 0.0702 -0.0551 0.2256
Depth 0.396 -0.0188 0.0185 -0.0558 0.0183
LarvalFish 0.344 0.7270 0.7109 -0.6948 2.1488



Table 3.22. Results of randomization tests of differences between humpback and fin 
whale mean Depth, Slope, and DistMaxSlope associations. 0 = observed differences 
expected differences based on the sampling distribution.

Variable Time period
Humpback

whales Fin whales Difference in means3

n mean n mean 0 U
Depth 2 0 0 2

June-July 8 8 93.3 105 125.5 -32.214*** -0.169
June 37 93.6 46 127.7 -34.158*** -0.046
July 51 93.0 59 123.7 -30.681*** -0.034

2003
May-Sept 65 114.2 1 1 1 126.9 -12.664* 0.034
July 23 120.3 45 132.4 -12.103 0.218
All minus 306 63 116.8 1 0 2 130.6 -13.825** 0.054
306 2 34.0 9 84.9 -50.832*** 0.428

Slope 2 0 0 2

June-July 8 8 1.53 105 2.34 -0.812*** 0 . 0 0 2

June 37 1 .6 8 46 2.28 -0.602* -0.007
July 51 1.42 59 2.38 -0.967*** 0.008

2003
May-Sept 65 2 . 1 2 1 1 1 2.62 -0.50 0 . 0 0 0

July 23 3.48 45 3.11 0.36 -0 . 0 0 1

All minus 311 43 2 . 6 6 1 0 2 2.61 0.05 0.005
31 lonly 2 2 1.06 9 2.70 -1.64* 0 . 0 1 1

All minus 308 48 1.72 84 2.32 -0.604 0 . 0 0 2

All minus 308 & 311 26 2.27 75 2.28 -0.004 0.014
308 only 17 3.25 27 3.53 -0.282 0.004
309 only 6 4.12 18 2.48 1.640 -0.004

DistMaxSlope 2 0 0 2

June-July 8 8 2863.3 105 1355.6 1507.737*** -2.358
June 37 2149.9 46 1269.5 880.461*** 1.989
July 51 3380.9 59 1422.8 1958.153*** -1.276

2003
May-Sept 65 2828.2 1 1 1 1128.9 1699.3*** 2.348
July 23 1415.8 45 667.7 748.1** -4.514
All minus 311 43 1743.7 1 0 2 1110.5 633.2** 0.06
31 lonly 2 2 4947.8 9 1337.5 3610.3*** 11.932
308 only 17 1363.7 27 573.6 790.051* -4.776

a ^  -nr
309 only 6 1563.7 18 808.9 754.828** 0.347

1 Difference = humpback mean minus fin whale mean. *** , p < 0.001; ** , p < 0.01; * , p < 0.05
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Table 3.23. Confidence set of logistic regression models of fin whale and humpback
whale habitat partitioning, June-July 2002. Models are sorted by AAIQ and Akaike
weights (w;). K is the number of model parameters plus the intercept.

Model4 K A ICr AAIQ w,- Model
likelihood

123 4 79.200 0.000 0.766 1.000
23 3 83.668 4.468 0.082 0.107
13 3 84.183 4.983 0.063 0.083

aModel numbers represent parameters comprising each model: 
1 = MeanTemp, 2 = DistMaxSlope, 3 = StratParam.

Table 3.24. Model-averaged parameter estimates, standard errors, and 95% confidence 
intervals from the confidence set of models for June-July 2002 fin whale and humpback 
whale habitat partitioning. Relative importance of model parameters was derived from 
the full set of candidate models for balanced representation of each parameter in the 
model set.

Model averaged values

95% Confidence interval

Parameter Relative
importance Estimate SE Lower Upper

MeanTemp 0.887 -0.9225 0.4068 -1.7361 -0.1088
DistMaxSlope 0.919 -0.0004 0.0001 -0.0007 -0.0001
StratParam 0.923 0.0283 0.0113 0.0058 0.0509
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Table 3.25. Confidence set of logistic regression models of fin whale and humpback
whale habitat partitioning, July-August 2003. Models are sorted by AAIQ and Akaike
weights (w,). K is the number of model parameters plus the intercept.

Model3 K AIQ AAIQ Wj Model
likelihood

12 3 49.181 0.000 0.142 1.000
124 4 49.324 0.143 0.133 0.931
13 3 49.861 0.680 0.101 0.712
134 4 50.041 0.860 0.093 0.651
125 4 50.734 1.553 0.066 0.460
14 3 51.113 1.932 0.054 0.381
3 2 51.362 2.181 0.048 0.336
1 2 51.515 2.334 0.044 0.311
135 4 51.554 2.373 0.044 0.305
1245 5 51.554 2.373 0.043 0.305
34 3 51.809 2.628 0.038 0.269
15 3 52.063 2.882 0.034 0.237
1345 5 52.347 3.166 0.029 0.205
145 4 52.491 3.310 0.027 0.191
2 2 53.024 3.843 0.021 0.146
4 2 53.445 4.264 0.017 0.119
24 3 53.561 4.380 0.016 0.112
35 3 53.678 4.497 0.015 0.106

aModel numbers represent parameters comprising each model:
1 = DistMaxSlope, 2 = StratParam, 3 = Depth, 4 = Pycnocline, 5 = EuphAdult.
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Table 3.26. Model-averaged parameter estimates, standard errors, and 95% confidence 
intervals from the confidence set of models for July-August 2003 fin whale and 
humpback whale habitat partitioning. Relative importance of model parameters was 
derived from the full set of candidate models for balanced representation of each 
parameter in the model set.

Parameter

Model averaged values

Relative
importance Estimate SE

95% Confidence interval 

Lower Upper

DistMaxSlope 0.811 -0.0004 0.0002 -0.0008 0.0000084
StratParam 0.432 0.0172 0.0093 -0.0014 0.0358
Depth 0.379 0.0144 0.0079 -0.0015 0.0303
Pycnocline 0.472 0.0257 0.0200 -0.0144 0.0657
EuphAdult 0.292 -0.2278 0.2754 -0.7785 0.3230



4. DISCUSSION

4.1. Habitat features measured in Marmot and Chiniak Bays

General trends in oceanographic and biological variables measured in this study 

typify high latitude summer conditions and are largely consistent with findings of other 

studies in the Gulf of Alaska and Northeast Pacific. During spring to early summer, the 

upper mixed layer stabilizes and the seasonal thermocline shoals. From late summer into 

autumn, increased wind mixing and heat loss to the atmosphere lead to a deepening of the 

thermocline (Mann and Lazier 1996). The depths of both the seasonal thermocline and 

pycnocline followed this general pattern in Marmot and Chiniak Bays. Salinity typically 

decreases as freshwater discharge increases during late summer and fall in the Gulf of 

Alaska (Reed and Schumacher 1986), another phenomenon observed in this study.

Mean water column temperatures recorded in this study were significantly cooler 

in 2002 than in 2003. This was corroborated by data recorded by the National Oceanic 

and Atmospheric Administration’s (NOAA) fixed sub-surface mooring in mid-Chiniak 

Bay (www.pmel.noaa.gov/foci/foci moorings/moorings/chiniak bay frames.html: P. 

Sullivan pers. comm.). Temperatures recorded by the mooring were significantly cooler 

in 2002 than in 2003 by 1.34° C in June and 1.05° C in July (Mann-Whitney U-tests:

June: Z = -6.65, p  < 0.0001; July Z = -6.76, p < 0.0001), and cooler by 0.99° C overall 

during May-September (Mann-Whitney U-tests: Z = -7.43, p < 0.0001).

Trends in zooplankton occurrence were consistent with previous zooplankton 

surveys in the northern Gulf of Alaska and Kodiak waters. Late copepodite stages of 

Neocalanus species (N. cristatus, N. flemingeri, N. plumchrus) dominate the zooplankton

http://www.pmel.noaa.gov/foci/foci


community on the northern Gulf of Alaska shelf in spring to early summer, with distinct 

peaks in May (Mackas and Tsuda 1999; Coyle and Pinchuk 2003; Coyle and Pinchuk 

2005). During this time, they remain above the permanent pycnocline and undergo 

minimal diel migrations (Mackas and Tsuda 1999). Beginning in May and continuing 

through late summer, Neocalanus spp. undertake an ontogenetic migration to depths in 

excess of 300 to 400 m, leaving them absent from shelf waters from August until the 

following spring (Cooney 1986a; Mackas and Tsuda 1999; Coyle and Pinchuk 2003). 

Neocalanus spp. dominated copepod counts in May 2003 then virtually disappeared from 

samples thereafter. A strong negative correlation between Neocalanus spp. and mean 

water column temperature (r, = -0.84) was driven by this seasonally high abundance in 

the upper 100 m at a time when temperatures are low (Coyle and Pinchuck 2005).

After Neocalanus spp. migrated into deeper water, smaller genera, including 

Calanus, Centropages, Metridia, and Pseudocalanus, dominated copepod counts. This 

pattern of occurrence follows that observed in the subarctic Pacific (Mackas and Tsuda 

1999) and on the northern Gulf of Alaska shelf (Coyle and Pinchuk 2003). In the latter 

study, smaller copepods, such as Pseudocalanus spp. reached peak abundance in July, as 

seen in this study.

Adult euphausiid species composition, dominated by Thysanoessa inermis and T. 

raschii, and size ranges were consistent with previous Kodiak Island nearshore 

zooplankton studies (Dunn et al. 1979; Kendall et al. 1980; Vogel and McMurray 1982). 

The positive correlation between adult euphausiids and depth may derive from diel 

migrations of adult euphausiids, the average vertical distance of which is 100 to 300 m



(Mauchline and Fisher 1969). Also, larger T. longipes, T. inermis, and Euphausia 

pacifica tend to live at greater depths than smaller specimens (Mauchline and Fisher 

1969)

The relative importance of adult euphausiids as constituents of Marmot Bay and 

Chiniak Bay whale habitat was likely underestimated. Abundance calculations did not 

account for adult euphausiid biomass. Euphausiids are an important component of 

plankton biomass, especially in higher latitudes, comprising 5-10% of total biomass and 

30% of crustacean biomass in some areas (Mauchline 1980). In addition, sampling 

methods compromised capture probability, resulting in relatively low counts. Swarms, 

typical of Thysanoessa species, are small patches with densities of 1000s of animals/m3 

(Mauchline 1980), grossly exceeding densities recorded in this study. Vertical 

zooplankton tows, in general, may elicit higher avoidance or escapement rates of juvenile 

and adult euphausiids than other sampling methods (Brinton and Townsend 1981). Thus, 

the abundance of swarm-forming euphausiids can be difficult to assess with vertically 

towed nets, which may only provide estimates of average— not maximum—densities 

within a swarm (Nemoto 1983).

4.2. Fin and humpback whale summer distribution in Marmot and Chiniak Bays

General distribution patterns of fin and humpback whales off northeast Kodiak 

Island in 2002 and 2003 were similar to patterns observed in previous surveys and at 

historical whaling catch locations (Thompson 1940; Reeves et al. 1985; Brueggeman et 

al. 1987; Brueggeman et al. 1989; Zerbini et al. 2003). Current distribution data suggest 

that this area either continued to be an important summertime foraging area since at least



the days of coastal whaling, or has been re-established since whaling ended. Catch data 

compiled by Reeves et al. (1985) for the Port Hobron whale fishery show fin whales and 

humpbacks regularly taken close to shore and across the continental shelf. Peak takes 

from the vicinity of Marmot and Chiniak Bays occurred during July and August, the time 

of peak observations of humpback whales and fin whales (July) in this present study. 

Humpbacks were a principal target species of the Port Hobron whale fishery, accounting 

for 67% of takes compared to 20% for fin whales (Reeves et al. 1985; Stewart et al.

1987). Patterns of catch distribution likely reflected target species distribution, 

abundance, as well as accessibility.

Fin and humpback whale distribution in Marmot and Chiniak Bays was clustered 

and non-random during both survey years. Such non-random, non-uniform distribution 

was expected, as “ ...organisms are always differentially distributed...” in the 

environment (Boyce et al. 2002). This statement referred to terrestrial landscapes, yet it 

also applies to marine seascapes where heterogeneous oceanographic features lead to 

patchy prey distribution and temporal changes in prey distribution and abundance. These 

are key determinants of distribution, abundance, and foraging success of marine 

mammals (Croll et al. 1998). Concentrated prey enhances foraging efficiency, resulting in 

cetacean aggregations in areas of densely concentrated prey (Kawamura 1980; Kenney 

and Winn 1986; Krieger and Wing 1986; Katona and Whitehead 1988; Selzer and Payne 

1988; Piatt et al. 1989; Payne et al. 1990; Clapham 1996; Simard and Lavoie 1999;

Moore et al. 2002). This is particularly pertinent for “gulp” feeding baleen whales such as 

fin and humpback whales (Nemoto 1973).
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4.3. Is there preferential use of bathymetric features?

Fin whales showed a preference for deep water within the study area during both 

survey years. They were not, however, sighted in the deepest (>250 m) trenches and 

gullies. Similar associations between fin whales and depth have been noted in Alaskan 

waters and elsewhere. Bruggemann et al. (1988) found fin whales in the western Gulf of 

Alaska most commonly associated with depths of 50-150 fathoms (91-274 m). Nearly 

90% of fin whales sighted by Consiglieri et al. (1982) during summer in the western Gulf 

of Alaska were in waters with depths of less than 200 m. Moore et al. (2002) noted a 

clear association between fin whales and the 200 m isobath in the central-eastern Bering 

Sea. Fin whale sighting rates on the Outer Shelf domain (>100 m) were more than two

fold higher than on the Middle Shelf (0-50 m). Depth distributions of fin whales off the 

northeastern U.S. and eastern Canada were also comparable to that in Marmot and 

Chiniak Bays (Hain et al. 1992; Woodley and Gaskin 1996).

Fin whale distribution throughout the world’s oceans is not strictly limited to 

continental shelf waters. In the Mediterranean Sea, fin whales frequent water depths of 

400-2800 m off the continental slope (Forcada et al. 1996) and rarely occur in nearshore 

shelf waters (Notarbartolo-Di-Sciara et al. 2003). The Ligurian Sea region of the 

Mediterranean, where fin whales occur in depths exceeding 2000 m, is characterized by a 

cold water dome, high nutrient levels, upwelling, and concentrations of the euphausiid, 

Meganyctiphanes norvegica (Panigada et al. 2005). Fin whales in this region have been 

recorded diving to depths in excess of 470 m to exploit this deep-dwelling euphausiid, 

their principal prey in the western Mediterranean (Panigada et al. 1999)



Fin whales are often associated with, or near to, areas of high topographic relief 

(Brueggeman et al. 1987; Brueggeman et al. 1988; Woodley and Gaskin 1996), shelf 

edges, or canyons (Brueggeman et al. 1989; Hain et al. 1992; Moore et al. 2002). In 

Marmot and Chiniak Bays, fin whales were consistently near regions of maximum slope, 

but not directly associated with the steepest slopes in the study area. This may relate to a 

downstream effect in oceanographic-topographic coupling. Localized regions 

downstream of upwelling centers over abrupt topography have been shown to be areas of 

zooplankton and euphausiid concentrations and, subsequently, important feeding areas 

for fin and blue (Balaenoptera musculus) whales (Foerster and Thompson 1985; Croll et 

al. 1998; Genin 2004; Cotte and Simard 2005; Croll et al. 2005).

Humpback whale associations with bathymetric features were highly variable. 

This likely relates to the apparent lack of site fidelity during 2003 and between the 2002 

and 2003 survey periods. Associations with shallow water and shallow slopes in 2002 

were attributed to the concentration of humpbacks in the nearshore shoal area off 

Monashka Bay; that concentration was not observed in 2003. Humpbacks were 

associated with deeper water and steeper slopes of central Marmot Bay in July 2003, and 

the broad, deep, flat area east of Spruce Island in August 2003.

Humpback whales are, in general, common in nearshore, shallow shelf waters and 

banks (Brueggeman et al. 1987; Brueggeman et al. 1989; Gregr and Trites 2001), and 

frequently associated with the 50 fathom (91 m) isobath in both the Bering Sea and Gulf 

of Alaska (Brueggeman et al. 1989: Moore et al. 2002). Bruggemann et al. (1988) found 

93% of humpback sightings in the western Gulf of Alaska were in depths of 25-100



fathoms (46-183 m). Although variable, depth distribution of humpback whales in 

Marmot and Chiniak Bays were within this previously observed range.

4.4. Predictors of habitat use

Biological systems—including the marine environment— are exceedingly 

complex. Models are, therefore, simplifications or approximations of reality that reveal 

inferences supported by available data and not what full reality may be (Burnham and 

Anderson 2002). Given that, models selected as best describing fin and humpback whale 

habitat use in Marmot and Chiniak Bays provide a glimpse into possible trends and 

habitat associations.

The importance of Pseudocalanus spp. in predicting fin whale presence during 

both full and peak summer may relate more to the overall importance of this copepod 

genus in the Gulf of Alaska ecosystem than to direct influence as fin whale prey. Fin 

whales commonly consume larger copepods of the genus Neocalanus; there is little 

indication of direct targeting of smaller species and genera (Nemoto 1973; Nemoto and 

Kawamura 1977; Kawamura 1982). Pseudocalanus elongata present in stomachs of fin 

whales taken during the 1937 Port Hobron whale fishery (Thompson 1940) could have 

been consumed incidental to preferred prey. Pseudocalanus is considered one of the most 

ecologically important zooplankton genera in the Gulf of Alaska shelf and coastal zones 

(Cooney 1986b) and one of the dominant taxa in Kodiak nearshore waters (Vogel and 

McMurray 1982) and the Gulf of Alaska shelf (Coyle and Pinchuk 2003). Whether 

associations between fin whales and Pseudocalanus spp. are direct or indirect is a matter 

for conjecture.



While Pseudocalanus spp. emerged as an important variable in models predicting 

fin whale presence, Neocalanus spp. did not, despite being a clearly important and 

common prey item for fin whales in the Gulf of Alaska, eastern Aleutians and Bering Sea 

(Thompson 1940; Nemoto 1957; Nemoto 1963; Nemoto and Kasuya 1965; Nemoto 

1973; Kawamura 1982). The strong seasonal occurrence of Neocalanus spp. relative to 

the sampling period might explain this conundrum. The highest count of Neocalanus spp. 

was associated with surface feeding fin whales in May 2003; they were virtually absent 

from samples thereafter. The temporal overlap between Neocalanus spp. availability in 

the upper water column and the May-September sampling period was, therefore, likely 

insufficient to capture this relationship in logistic regression models.

General patterns of fin whale occurrence in 2003 paralleled Neocalanus spp. 

abundance in early summer (both were high in May and decreased in June), followed by 

adult euphausiids later in the summer (high in July, decreasing in August, increasing in 

September). The temporal and spatial occurrence of prime whaling grounds for fin 

whales in the northern North Pacific were closely tied to Neocalanus swarms (called “red 

rice” by Japanese whalers) during early summer (May-June), followed by euphausiids 

later in the summer (Nemoto 1957; Nemoto 1963; Consiglieri et al. 1982).

Euphausiid adults were significant prey of fin whales off eastern Kodiak Island 

(Thompson 1940), in the Gulf of Alaska (Nemoto 1965), Bering Sea and northern North 

Pacific (Nemoto 1957; Nemoto 1959; Kawamura 1982), and elsewhere (Tershy 1992; 

Forcada et al. 1996; Sigurjonsson and Vfkingsson 1998; Panigada et al. 1999; Simard and 

Lavoie 1999). Thysanoessa inermis, the dominant euphausiid captured in this study, was
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a primary constituent in the diet of fin whales taken by the Japanese whale fishery off the 

eastern Aleutian Islands during May-September (Nemoto 1957). Yet, euphausiid adults 

were of only moderate importance as a predictor variable in models of fin whale 

presence. This discrepancy may derive from sampling methods and compromised capture 

probability of adult euphausiids in this study.

Fin whale presence was positively associated with pycnocline depth during full 

summer, but the relationship diminished during peak summer when the pycnocline shoals 

and stabilizes. The importance of the pycnocline to fin whale foraging locations may be 

in its role as a boundary against which zooplankton concentrate. Copepods aggregate at 

horizontal or vertical boundaries or fronts, such as pycnoclines (Mauchline 1998), 

enhancing availability for predation. The annual biomass peak of calanoid copepods 

corresponds with the greatest abundance of late stage copepodites of Neocalanus above 

the pycnocline (Mackas and Tsuda 1999). Stage V copepodites, not adults, are those 

consumed by fin whales (Nemoto 1963). The depth of the density gradient (pycnocline) 

is apparently more important than the thermal gradient (thermocline) in predicting fin 

whale presence, despite being highly correlated (rs = 0.81, Appendix C). The thermocline 

also creates a vertical boundary in the water column, but did not emerge as a predictor of 

fin whale presence.

The association of humpback whale presence with larval fish abundance was 

tenuous, as evidenced by the diminished relative importance of this variable upon 

removing the single influential station. That the parameter was still retained in models, 

however, suggests some possible affiliation. Humpback whales are frequently



piscivorous in the northern North Pacific (Thompson 1940; Nemoto 1957; Nemoto 1959) 

and are known to consume capelin (Nemoto 1973; Nemoto and Kawamura 1977; 

Whitehead and Carscadden 1985; Krieger and Wing 1986), but not necessarily in larval 

form.

Adult euphausiids were consistently the most important predictor of humpback 

presence during peak summer. Humpback whales in the North Pacific are considered 

biphageous, with euphausiids and gregarious fish of comparable dietary importance 

(Nemoto 1959; Nemoto 1973; Kawamura 1980). The dominance of one over the other 

appears locally and, perhaps, seasonally variable. Humpbacks killed near the Akutan 

whaling station consumed euphausiids almost exclusively, while those taken at Port 

Hobron consumed a preponderance of smelt (Thompson 1940). Thysanoessa inermis was 

the principal euphausiid species consumed by whales taken near Akutan (Nemoto 1957). 

More recently, humpback whales in the vicinity of Glacier Bay in southeast Alaska 

showed evidence of prey switching as abundance and availability of schooling fish and 

euphausiids fluctuated (Krieger and Wing 1986).

The presence of Pseudocalanus spp. in models predicting humpback whale 

occurrence likely, as with fin whales, reflected the copepods’ prevalence in Kodiak 

nearshore waters. Humpback whales similarly aggregated near Unimak and Akutan 

passes in the Aleutian Islands where Pseudocalanus spp. abundance was high (Sinclair et 

al. 2005).

Distance to areas of maximum slope was the physical parameter most common to 

models of humpback occurrence during peak summer, with humpback presence
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positively related to distance to gullies and troughs. Humpback whales are considered 

predominantly shallow water, shelf inhabitants (Brueggeman et al. 1987; Brueggeman et 

al. 1989; Gregr and Trites 2001). This nearshore shelf region off northeast Kodiak Island 

is characterized by shallow banks, punctuated by deeper troughs and gullies. Humpbacks 

commonly associate with the former and are, thus, more distant from the latter. During 

August 2003, humpbacks were located predominantly in a region of low bathymetric 

relief in the eastern part of the study area. This distribution likely influenced the 

importance of distance to maximum slope in predicting humpback presence at that time.

4.5. Fin and humpback whale high-use areas in Marmot and Chiniak Bays

Dynamics of prey aggregations are important determinants of whale distribution 

and behavior (Fiedler et al. 1998). Dense prey patches, however, are of minimal interest 

unless situated in a region where there is also a high probability of encountering other 

dense prey patches. Feeding grounds are those regions where the likelihood of 

encountering dense prey patches is high (Simard and Lavoie 1999). These areas exist 

where bio-physical coupling generates productivity and growth of prey at adequate 

concentrations, time scales and predictability to attract and retain feeding groups of 

whales. How does this pertain to high-use areas in Marmot and Chiniak Bays and their 

persistence, or lack thereof, over time?

Waters off northeast Kodiak Island are highly productive (Stabeno et al. 2004). 

This productivity was attributed to the transport of nutrient rich slope waters up canyons 

(e.g., Chiniak Trough, see Fig. 2.1) and onto banks where it is subjected to strong tidal 

mixing that brings nutrients into the upper water column (Stabeno et al. 2004; Ladd et al.



2005). Tidal currents, combined with complex bathymetry, are key to Gulf of Alaska— 

and Kodiak— shelf dynamics (Ladd et al. 2005) and primary productivity in tidally mixed 

waters tends to be above average in coastal areas (Mann and Lazier 1996). These 

processes may influence productivity in Monashka/Chiniak Bays and near the nearshore 

terminus of Chiniak trough, roughly where it meets the shallower inshore waters. This 

region was a high-use area for humpback whales in July 2003 and an intermediate-use 

area for fin whales in August 2003.

Coupling of tidal currents and bathymetry may be significant forces in the 

generation and persistence of the fin whale high-use area in inner Marmot Bay. Tidal 

forcing is an important mechanism in the formation of dense euphausiid patches 

elsewhere. Interaction of tidal current and topography in the Laurentian Channel (St. 

Lawrence estuary) is fundamental in concentrating euphausiids during flood tide, where 

they are preyed upon by fin whales (Cotte and Simard 2005). Enhanced biological 

productivity and euphausiid concentrations have been noted downstream of, rather than 

directly over, coastal upwelling centers near the California Channel Islands, in Denmark 

Strait, and in the St. Lawrence estuary of eastern Canada (Foerster and Thompson 1985; 

Croll et al. 1998; Genin 2004; Cotte and Simard 2005). A similar phenomenon may occur 

in inner Marmot Bay where whale and, presumably, prey concentrations are downstream 

of, rather than directly adjacent to, tidal influx through Whale Passage. The tidal current 

flowing into and out of inner Marmot Bay through Whale Passage is substantial, attaining 

mean maximum speeds of 5.2 knots during flood and 4.4 knots during ebb (NO A A 2002; 

http://www.co-ops.nos.noaa.goV/currents04/tab2DC4.html#l45s). Inner Marmot Bay is

http://www.co-ops.nos.noaa.goV/currents04/tab2DC4.html%23l45s


long and narrow, with depths of 100-200 m bound by shoal waters (<50-100 m) and land. 

This configuration, coupled with the dynamic tidal flow through Whale Passage, may 

facilitate production and entrainment of dense zooplankton concentrations.

Topographic-oceanographic coupling may also play a role in the formation of 

high-use areas in outer Marmot Bay, in the vicinity of Izhut Bay and Peril and Pillar 

Capes (Fig. 2.1). Fin whales and minke whales (Balaenoptera acutorostrata) foraged 

preferentially in a tidally-driven eddy system formed within an island wake off Grand 

Manan Island in the Bay of Fundy (Johnston et al. 2005a). Similar forces may aggregate 

prey in this region. An island effect arises as tidal currents curve around an island mass or 

bank, with increased velocity and circular flow around the bank or island and upwelling 

of deeper waters (Mann and Lazier 1996). Tidal flow past headlands, such as Pillar Cape, 

can also lead to upwelling of deep water nutrients and increased biological productivity 

(Mann and Lazier 1996). Currents flowing into Marmot Bay may interact with the 

headlands of Pillar and Peril Cape, and the shoal area at the mouth of the Bay (locally 

known as “Sunken Spruce”) that rises up to 50-60 m from surrounding depths >100-150 

m. These combined influences could account for the use of this area by both fin and 

humpback whales in 2002. Greater knowledge of tidal and wind driven currents in this 

region would be essential for better understanding localized oceanographic and biological 

dynamics.

The shift in humpback whale high-use areas from 2002 to 2003 was striking. The 

concentration of humpback whales in the shallow, nearshore area off Monashka Bay in 

2002 was essentially non-existent in 2003. Changes in humpback distribution were likely



in response to shifts in prey aggregations, composition, or availability. Although recent 

diet data are lacking, schooling fish, such as capelin and Pacific sand lance (.Ammodytes 

hexapterus), are considered significant components of the local diet (Witteveen 2003). 

Capelin and sand lance (Ammodytes spp.) are also important prey for humpback whales 

in the North Atlantic (Whitehead and Carscadden 1985; Piatt et al. 1989; Payne et al. 

1990; Methven and Piatt 1991; Kenney et al. 1996). In 2002, anecdotal evidence 

suggested a preponderance of sand lance in the nearshore waters of the study area that 

may have been important prey for humpbacks feeding there (Witteveen 2003). Sand 

lance distribution is strongly associated with shallow water (Ostrand et al. 2005) and 

humpback whales targeting sand lance would be similarly distributed. Significant 

changes in the forage fish composition of regurgitations of black-legged kittiwakes (Rissa 

tridactyla) nesting in Chiniak Bay were noted during 2001-2003 (Kildaw et al. 2005).

The proportion of capelin in the diet increased coincident to a decrease in both abundance 

and size of sand lance in the diet. The trend was significant across all three years. The 

greatest difference was between 2003, when the proportion of capelin exceeded sand 

lance, and the preceding two years. If the diet composition of kittiwakes in Chiniak Bay 

is an indicator of prey availability, then the shift in humpback distribution could also 

indicate changing forage fish availability.

Water temperature is one of the more important determinants of temporal and 

spatial distribution of marine fish (Marchand et al. 1999), including capelin (Methven and 

Piatt 1991) and sand lance (Robards et al. 2002). Temperature differences between 2002



and 2003 may have influenced local forage fish abundance and distribution and, 

ultimately, humpback whale distribution during those years.

4.6. Is there evidence of habitat partitioning among fin and humpback whales?

Fin whales and humpback whales are frequently sympatric and exploit common 

resources (Thompson 1940; Overholtz and Nicolas 1979; Whitehead and Carlson 1988; 

Piatt et al. 1989; Payne et al. 1990), yet show evidence of habitat partitioning (Thompson 

1940; Brueggeman et al. 1988). Spatial segregation is one means by which this occurs. 

Fin whales more often are found offshore, along shelf edges, or in regions of high 

topographic relief than the typically shelf- or bank-dwelling humpback whales (Nemoto 

1959; Reeves et al. 1985; Brueggeman et al. 1987; Piatt et al. 1989; Moore et al. 2000). 

These patterns were evident even on the relatively small spatial scale of the nearshore 

continental shelf waters of Marmot and Chiniak Bays. Humpback whales were, on 

average, in shallower waters and farther from areas of maximum slope than fin whales. 

The exception was in July 2003 when distribution relative to depth was not significantly 

different because distributions of the two species overlapped considerably.

Spatial segregation was strikingly portrayed by high-use area delineations within 

the study area. Regions of overlap were negligible between and within years, except 

during July 2003. Clear distribution differences, with no temporal overlap, existed in 

2002. The most distinctive spatial separation was the consistent and concentrated use of 

inner Marmot Bay by fin whales in both years and the inshore Monahska/Chiniak 

humpback whale high-use area in 2002. Zerbini et al. (2003) also described spatial 

separation and a more restricted and consistent distribution of fin whales compared to



humpbacks surveyed between the Kenai Peninsula and Aleutian Islands, including 

Kodiak, during 2001-2002.

Physiography alone does not create high-use areas or determine whale 

distribution, but acts in concert with oceanographic and biological processes. Logistic 

regression models of differential habitat use, however, suggested that physical variables 

best differentiated habitat characteristics of humpbacks and fin whales in this study. 

Spatial scales of variation for physical variables are significantly greater than that for 

biological variables (Baumgartner et al. 2003). The patchiness of prey means that 

concentrations of densities meaningful to whales could be missed or inadequately 

sampled (Brodie et al. 1978). This potential mismatch could obscure the strength of 

associations between whales and zooplankton prey in logistic regression analyses 

(Baumgartner et al. 2003).

Cooler mean water temperature was a significant predictor of fin whale versus 

humpback presence in models during June-July 2002, but not during July-August 2003. 

Fin whale associations with cooler temperatures and humpback associations with warmer 

temperatures have been noted elsewhere (Hain et al. 1992; Forcada et al. 1996; Woodley 

and Gaskin 1996; Tynan 2004; Sinclair et al. 2005; Tynan et al. 2005). Cooler 

temperatures may indicate upwelling and frontal zones (Hain et al. 1992; Forcada et al. 

1996; Woodley and Gaskin 1996; Fiedler et al. 1998).

Distance to maximum slope (fin whales closer than humpbacks) was highly 

important during both years of the study. This consistent difference likely indicates 

different habitats of preferred prey. Regions of steep topography or downstream of



upwelling centers have been described as important feeding areas for fin whales due to 

zooplankton and euphausiid concentrations (Foerster and Thompson 1985; Croll et al. 

1998; Genin 2004; Cotte and Simard 2005; Croll et al. 2005). Humpback whales, on the 

other hand are more prevalent on shallow shelves and banks (Brueggeman et al. 1987; 

Brueggeman et al. 1989; Gregr and Trites 2001), where preferred prey, such as sand 

lance, occur (Ostrand et al. 2005).

Stratification of the water column was substantially more important as a predictor 

of fin whale versus humpback whale presence in 2002 than in 2003. Stratification is 

positively correlated with depth (rs = 0.68). Differences in the relative importance of 

stratification could then derive from interannual differences in humpback whale depth 

distribution, particularly the 2002 concentration in the nearshore area off Monashka Bay. 

This shallow, exposed area is subject to significant wind mixing and was consistently the 

least stratified (most mixed) portion of the study area.

Adult euphausiid abundance was the only biological parameter to enter models 

assessing habitat partitioning, suggesting fin whale associations with lower abundances 

of euphausiids than humpback whales. Euphausiid adults are principal prey of both 

humpbacks and fin whales in the North Pacific (Thompson 1940; Nemoto 1957; Nemoto 

1959; Nemoto and Kasuya 1965; Kawamura 1982; Krieger and Wing 1986), so the 

apparent association of fin whales with lower abundances of euphausiids was perplexing. 

Analysis of stomach contents of whales killed off eastern Kodiak Island during the 1937 

Port Hobron whaling season revealed strong dietary preferences (Thompson 1940). Fin 

whales consumed a preponderance of euphausiids (7 9 % of stomachs included



euphausiids, 40% were exclusively euphausiids, 17% included smelt/fish, 5% smelt 

only), while humpbacks showed a clear preference for smelt and other fish (81% of 

stomachs included smelt/fish, 35% contained only smelt, 16% included euphausiids, 3% 

only euphausiids). These differences in feeding habits occurred despite similarities in 

time and location of take (Thompson 1940). So, why then were humpbacks associated 

with higher euphausiid abundances in 2003?

The theory of threshold foraging behavior assumes that a lower limit of prey 

density exists below which foraging is unprofitable, dictated both by metabolic demands 

and feeding style (Piatt and Methven 1992). Threshold foraging is especially common 

among higher vertebrates, such as baleen whales, that feed on densely aggregated prey. 

Foraging thresholds— including how rapidly an organism responds to prey fluctuations— 

frequently differ among species sharing common resources (Piatt and Methven 1992).

Humpbacks may have a foraging threshold that requires more densely 

concentrated prey aggregations upon which to feed than do fin whales. Fin whales and 

humpback whales have different feeding styles due partly to differences in body 

morphology. Whitehead and Carlson (1988) surmised that speed and maneuverability 

differences prevented interspecific groupings, even when exploiting common prey. Fin 

whales are faster, less maneuverable, and tend to lunge horizontally, while humpbacks 

are slower, highly maneuverable, and lunge vertically (Watkins and Schevill 1979; 

Whitehead and Carlson 1988). The faster speed and horizontal lunging of fin whales may 

have enabled them to exploit more dispersed prey patches than humpback whales during 

dramatic fluctuations in sand lance availability in the southern Gulf of Maine during the
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1980s (Payne et al. 1990). Fin whales appeared more independent of local prey 

fluctuations and remained in the area long after it was abandoned by humpback whales. 

Foraging threshold differences was a suggested reason for distributional differences 

observed for fin whales and humpbacks whales on the central Bering Sea shelf (Moore et 

al. 2000). Different foraging thresholds may, thus, explain the association of humpbacks 

with higher densities of euphausiids and the otherwise limited overlap with fin whales in 

Marmot and Chiniak Bays.

Resource availability is an important factor in determining the degree of overlap, 

and species that normally segregate spatially may co-occur when prey is abundant 

enough to be non-limiting (Selzer and Payne 1988; Tokeshi 1999; Bearzi 2005). 

Humpbacks are more apt to preferentially target euphausiids under such conditions and it 

is at these times and locations that they are most likely to co-occur with fin whales. The 

sampling stations in this study where both species were present had significantly higher 

densities of adult euphausiids than stations with either fin whales or humpback whales 

alone. The period of greatest co-occurrence in July 2003 coincided with the highest 

counts of euphausiid adults for the entire study.
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5. CONCLUSIONS

Marmot and Chiniak Bays off northeast Kodiak Island include highly productive 

waters that were historically and are presently suitable habitats with associated prey fields 

that support feeding aggregations of fin whales and humpback whales during summer. 

Trends in distribution and habitat characteristics of fin and humpback whales in this 

region were evident despite the brevity of this study and disparate survey methods 

between years. Fin whales showed a propensity for deeper, cooler waters near to areas of 

maximum slope, and consistent use of the more bathymetrically complex Marmot Bay. 

Humpback whales exhibited site fidelity during June and July 2002, but little fidelity 

between years and within 2003. The high-use area in shallow waters off Monashka Bay 

in 2002 was absent in 2003 when distribution ranged from overlapping with fin whales in 

steeper, deeper waters of inner Marmot Bay in July to the use of discrete flat regions 

toward the east side of the study area.

Prey preferences, density and availability ultimately dictate distribution, location, 

and stability of whale feeding aggregations and high-use areas, as well as whether 

sympatric species share or partition resources. The physical features associated with this 

distribution and habitat use are those that promote productivity and prey aggregations, 

and are generally predictable. The distribution of fin whales in Marmot Bay appears 

associated with spatial and temporal distributions and concentrations of Neocalanus 

copepods in early summer and adult euphausiids later in the summer. Humpback 

preferences for forage fish, coupled with threshold foraging needs, likely influenced their 

inconsistent distribution between years and within 2003. High densities of euphausiids



appeared to promote spatial overlap and shared resource use between fin and humpback 

whales in Marmot Bay in July 2003. When prey are available and accessible in sufficient 

densities to not be limiting, sympatric species may co-occur and utilize common 

resources.

The two years of this study provided a mesoscale snapshot view of a dynamic and 

complex nearshore marine environment and the whales that forage there. An important 

consideration when assessing and interpreting ecological relationships inferred by this, or 

future, studies is the spatial scale of sampling. Sampling may have been too coarse to 

adequately measure patchy prey fields and localized forces that characterize nearshore 

areas. Fine-scale (1-10 km) oceanographic features such as fronts, eddies and upwellings 

greatly influence prey concentrations and predator distribution (Johnston et al. 2005b). 

Conversely, Marmot and Chiniak Bays comprise but a fraction of potential, or actual, 

feeding habitat for fin and humpback whales in the northwestern Gulf of Alaska.

Equating presence or absence with absolute preference or avoidance can, therefore, be 

misleading. For highly mobile predators, such as fin and humpback whales, whose “home 

range” boundaries are extensive and unknown, it is important to consider prey 

concentrations and availability in other equally accessible feeding areas as contributory 

determinants of habitat use and selection. Additionally, larger scale oceanographic 

processes (currents, gyres) and atmospheric forcing likely influence localized processes 

that affect prey availability, as well as that at other potential foraging locations.

The relationship between scale and availability is another important consideration. 

Choice of scale affects perceptions of availability and habitat selection and needs to be



tailored to the species in question (Jones 2001). The level of association may strongly 

depend on spatial scale and could be misinterpreted or overlooked if evaluated at 

inappropriate scales (Jaquet 1996). It is, therefore, important to assess predator-prey 

associations over a range of spatial, as well as temporal scales (Jaquet 1996; Croll et al. 

1998). This may be particularly pertinent for highly mobile marine mammals that are able 

to respond rapidly to physical and biological fluctuations (Yen et al. 2005).

Future research on distribution and habitat use in this area would benefit greatly 

by integrating a range of spatial and temporal scales, as well as tides, currents, and a 

broader prey field into the sampling protocol. This may necessitate a small-scale, 

localized approach to capture integral fine-scale processes. More frequent surveys that 

coincide with different tidal stages, coupled with the deployment of Acoustic Doppler 

Current Profilers (ADCP) in several key locations will facilitate assessing tidal influences 

on prey fields and whale distribution. Small-scale surveys could also incorporate finer- 

scale sampling of prey distribution and density by combining hydroacoustics and more 

mobile sampling gear, such as bongo or MOCNESS (Multiple Opening/Closing Net and 

Environmental Sampling System) nets that allow for defining and appropriately sampling 

prey patches. These data should be collected concurrent to sighting surveys or focal 

follows of individually identified or tagged whales. Forage fish, the distribution of which 

may be critical to humpback whale distribution, also need to be incorporated into habitat 

selection studies. Finer-scale spatial sampling may also allow for more comprehensive 

comparisons of high-use and lesser or “unused” areas. At the same time, maintaining a
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broad perspective, while conducting more fine-scale studies, is key to understanding the 

interface between large-scale and local processes.

This study is an integral step in the process of identifying and characterizing 

important habitats for fin whales and humpback whales as proposed in their respective 

recovery plans (Anonymous 1991; Anonymous 1999). Any inferences drawn from this 

study, however, are limited to the survey years and locations. Knowledge of seasonal and 

inter-annual variability and trends, and, ultimately, a better understanding of the role of 

large baleen whales in this ecosystem, will only be borne of continued, systematic 

surveys.
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APPENDIX A 

Thermosalinograph data and preliminary analyses

Proximity to thermal fronts appears to be an important correlate to distribution for 

a number of marine organisms, including marine birds (Hoefer 2000), bluefin tuna 

(Royer et al. 2004), and cetaceans (Uda 1954; Brown and Winn 1989; Etnoyer et al.

2004; Littaye et al. 2004). Oceanic fronts and eddies were recognized as important 

determinants of the best whaling grounds in the northern North Pacific (Uda 1954; Nasu 

1957; Nemoto 1959; Nasu 1966; Nasu 1972), and baleen whales were thought to move 

along oceanic fronts or currents (Nasu 1972).

Numerous recent studies relate cetacean distribution to surface oceanographic 

variables. Included are sea surface temperature and thermal structure (Krieger and Wing 

1986; Selzer and Payne 1988; Brown and Winn 1989; Forcada et al. 1996; Woodley and 

Gaskin 1996; Moses and Finn 1997; Baumgartner et al. 2000; Waring et al. 2001; Davis 

et al. 2002; Ferrero et al. 2002; Hamazaki 2002; Brager et al. 2003), sea surface salinity 

(Selzer and Payne 1988), and oceanic fronts (Forcada et al. 1996; Waring et al. 2001; 

Hamazaki 2002; Baumgartner et al. 2003; Johnston et al. 2005). Sea surface 

oceanographic data were included in this present study because of the prevalence, and 

apparent significance, of surface features in both historical and current assessments of 

cetacean distribution.

A SBE-45 thermosalinograph (TSG) (Sea-Bird Electronics, Inc., Bellevue, WA) 

was used to collect surface temperature and salinity data during July-September surveys 

in 2003. The TSG recorded surface temperature and conductivity of seawater pumped
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through the instrument from an intake valve in the vessel’s hull at approximately 0.8 m 

depth. Data, recorded in 5-second intervals, were later averaged over 30-second periods 

and time-linked to vessel locations.

TSG data were processed with SBE Data Processing-Win32-V5.29b software 

(SBE 2003). Data were then entered into Ocean Data View (Schlitzer 2004) for 

preliminary evaluation and calculation of surface density (sigma-0 ) from surface 

temperature and salinity data. Processed data were then added to a GIS and used to 

generate TINS, then grids of sea surface characteristics for each survey for which there 

was data (Fig. A -l, Fig. A-2, Fig. A-3). Sea surface temperature, salinity and density 

were ascribed to whale sightings for each respective survey using Grid Analyst (Saraf 

2000).

Surface temperature gradients were calculated as proxies for thermal fronts 

(Baumgartner et al. 2003), with regions of maximum gradient approximating frontal 

zones. Gradients were calculated using the Slope command in Spatial Analyst (Fig. A-4). 

Proximity of whale sightings to these high gradient areas was assessed visually and 

measured using Nearest Features GIS extension (Jenness 2004).

Sea surface temperature, salinity, density, and distance to maximum temperature 

gradients associated with fin and humpback whale sightings were evaluated graphically 

and statistically. This included boxplots by species and cruise (Fig. A-5, Fig. A-6), and 

Mann-Whitney U-tests for interspecific comparisons.

Sea surface temperature and salinity plots from July-September 2003 reveal 

temporal changes (Fig. A -l, Fig. A-2). Localized wind and precipitation affect surface



conditions. For example, the early August survey was during a period of calm winds and 

minimal precipitation; sea surface temperature was the highest of all surveys and salinity 

was largely uniform. Surface cooling and freshening were evident by mid-September.

The TSG data were ascribed to 86 fin whale sightings and 53-59 humpback 

sightings. The discrepancy in sighting numbers for humpbacks was due to sightings that 

fell outside of the interpolation area for particular variables. Fin whales associated with a 

significantly cooler mean sea surface temperature and significantly lower mean sea 

surface salinity than humpback whales (Table A-l). None of the other TSG-derived 

variables differed significantly by species.

There were no discernible relationships between sighting locations and areas of 

maximum temperature gradient, nor were there any strong or persistent thermal fronts 

evident during this period. The absence of strong fronts may have been an artifact of 

inadequate sampling, however, it is possible that strong thermal fronts do not persist in 

this nearshore, tidally-driven environment. On a small scale, transient fronts are created 

and destroyed on a daily basis by tidal flow in upper water layers (Mann and Lazier 

1996).

This is a rich and complex data set that has seen only cursory evaluation. Further 

insights into the surface expression of oceanographic and atmospheric forcing and its 

influence on fin and humpback distribution in Marmot and Chiniak Bays requires more 

in-depth scrutiny than this thesis allowed.
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Figure A -l. Sea surface temperature (SST) profiles derived from TSG data in 2003.



Figure A-2. Sea surface salinity (SSS) profiles derived from TSG data in 2003.



Figure A-3. Sea surface density (SSSig) derived from TSG data collected in 2003.



Figure A-4. Sea surface temperature gradients derived from 2003 TSG data. Gradients were calculated using Spatial Analyst 
and ArcView 3.2 software.
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Figure A-5. Boxplots, by cruise, of fin whale associations with TSG-derived variables. 
Top: sea surface salinity (SSSal); Bottom: sea surface density (SSSig).
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Figure A-5 (cont.). Top: sea surface temperature (SSTemp); Bottom: distance to
maximum temperature gradients (DistMaxTempSlope).



144

Cruise

Cruise

5 Mean 
I 1 MeaniSE 

T  MeaniSD 
o Outliers 
*  Extremes

Figure A-6 . Boxplots, by cruise, of humpback whale associations with TSG-derived 
variables. Top: sea surface salinity (SSSal); Bottom: sea surface density (SSSig).



145

Figure A-6 (cont.). Top: sea surface temperature (SSTemp); Bottom: distance to
maximum temperature gradients (DistMaxTempSlope).



Table A-l Summary data and statistical comparisons of fin and humpback whales relative to TSG-derived oceanographic 
variables. Included are sea surface density (SSSig), temperature (SSTemp), salinity (SSSal) and distance to maximum 
temperature gradients (DistMaxTempSlope). P-values shown in bold type are significant at a < 0.05.

Fin Whales Humpback Whales Mann-Whitney U-test

Variable n Mean SD SE n Mean SD SE U Z p  -level

SSSig (kg/mz)
SSTemp (°C)
SSSal (psu)
DistMaxTempSlope (m)

8 6

8 6

8 6

8 6

24.136 
11.06 

31.629 
3929.4

0.249
0.77

0.284
3119.3

0.027
0.08

0.031
336.4

53
53
53
59

24.139
11.46

31.724
3077.4

0.306
1 .0 1

0.319
2417.0

0.042
0.14

0.044
314.7

2 2 0 1

1775
1674
2182

-0.3382 
-2.1856 
-2.6236 
1.4308

0.7352
0.0288
0.0087
0.1525
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APPENDIX B 

Boxplots of oceanographic and zooplankton data
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Figure B- l . Boxplots, by cruise, of oceanographic data collected at combined stations in 
2003.
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Figure B-l (cont.). Note that the y-axis scales are reversed for thermocline and 
pycnocline depths, so that 0 represents the sea surface and increasing values correspond 
with increasing depths beneath the surface.
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Figure B-2. Boxplots, by cruise, of zooplankton data collected at combined stations in 
2003.



Figure B-2 (cont.).
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Figure B-2 (cont.).
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Figure B-2 (cont.).
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APPENDIX C 

Spearman rank correlation coefficients



Table C - l . Spearman rank correlation coefficients for 2003 combined station data. Values >0.50 or < -0.50 are in bold.

Cal
Cope

Dec 
Shri mp

Euphausiids
Larval

Fish
Mysids Acartia Calanus Centrop Eucal Metridia Neocal Pseudocal

CalCope 1.00 -0.01 0.09 -0.10 -0.04 0.43 0.69 0.03 0.05 0.53 0.56 0.50
DecShrimp -0.01 1 .0 0 0.41 0.37 -0.06 0.16 -0.10 0.55 -0.21 -0.23 -0.25 -0.25
Euphausiids 0.09 0.41 1.00 0.11 0.04 0.19 0.07 0.61 -0.12 -0.22 -0.23 -0.11
Larval Fish -0.10 0.37 0.11 1.00 0.04 0.11 -0.18 0.29 -0.1 1 -0.19 - 0.11 -0.20
Mysids -0.04 -0.06 0.04 0.04 1.00 -0.20 0.00 -0.02 0 .1  1 0 .1 0 - 0.11 -0.07
Acartia 0.43 0.16 0.19 0.11 -0.20 1.00 0 . 0 2 0.31 -0.33 -0.15 0.47 0.36
Calanus 0.69 -0.10 0.07 -0.18 0.00 0 .0 2 1.00 -0.17 0 .1 1 0.50 0.24 0.24
Centrop 0.03 0.55 0.61 0.29 -0.02 0.31 -0.17 1.00 -0.34 -0.46 -0.30 -0.17
Eucal 0.05 -0.21 -0.12 -0.1! 0.11 -0.33 0.11 -0.34 1.00 0.46 -0.03 -0.02
Metridia 0.53 -0.23 -0.22 -0.19 0 .1 0 -0.15 0.50 -0.46 0.46 1.00 0.34 0 .2 1

Neocal 0.56 -0.25 -0.23 -0.11 -0.11 0.47 0.24 -0.30 -0.03 0.34 LOO 0.61
Pseudocal 0.50 -0.25 - 0.11 -0.20 -0.07 0.36 0.24 -0.17 -0.02 0 .2 1 0.61 1 .0 0

EuphEggs 0 .0 2 0.04 0.16 0.06 -0.01 0.13 -0.19 0 . 1 0 0.24 0 .0 1 0 .2 0 0.07
EuphNonadult 0.07 0.41 0.99 0.13 0 .0 2 0 .2 2 0.05 0.62 -0.13 -0.25 -0.24 -0.15
EuphAdult 0.26 -0.25 -0.09 -0.21 0.31 -0.33 0.38 -0.33 0.37 0.52 0.16 0.18
MeanTemp -0.36 0.28 0.19 0 .1 2 0 . 2 2 -0.51 -0.04 0.27 0.05 -0.20 -0.84 -0.58
MeanSal 0 .2 0 -0.33 -0.22 -0.20 0.03 -0.03 0.13 -0.53 0.48 0.53 0.40 0.19
MeanSig 0.32 -0.32 -0.24 -0.16 -0.13 0.37 0.04 -0.41 0 . 1 2 0.35 0.79 0.47
Thermocline 0.28 -0.07 0 .0 1 -0.04 0.09 -0.02 0.29 -0.05 -0.15 0.29 0.18 -0.03
Pycnocline 0 .2 2 -0.07 0.09 0.05 0.04 0.06 0.23 0.05 -0.20 0.14 0.14 -0.09
StratParam 0.18 -0.31 -0.14 -0.26 0 . 2 0 -0.42 0.43 -0.42 0.52 0.64 0.03 -0.05
Depth 0.28 -0.24 -0.17 -0.15 0.11 -0.11 0.35 -0.49 0.34 0.59 0.40 0.14
Slope 0 .2 1 0 .0 0 0 .0 1 -0.03 0 .1 1 0 . 0 2 0.14 -0.04 0.13 0.17 0.09 0.25
DistMaxSlope -0.18 -0.07 -0.01 0.05 -0.14 -0.10 -0.07 -0.06 -0.09 -0.08 -0.11 -0.34



Table C- l (cont.).

Euph
Eggs

Euph
Nonadult

Euph
Adult

Mean
Temp

Mean
Sal

Mean
Sig

Thermocline Pycnocline
Strat

Param
Depth Slope

DistMax
Slope

CalCope 0 . 0 2 0.07 0.26 -0.36 0 . 2 0 0.32 0.28 0 . 2 2 0.18 0.28 0 .2 1 -0.18
DecShrimp 0.04 0.41 -0.25 0.28 -0.33 -0.32 -0.07 -0.07 -0.31 -0.24 0.00 -0.07
Euphausiids 0.16 0.99 -0.09 0.19 -0.22 -0.24 0 .0 1 0.09 -0.14 -0.17 0 .0 1 -0.01
LarvalFish 0.06 0.13 -0.21 0 . 1 2 -0.20 -0.16 -0.04 0.05 -0.26 -0.15 -0.03 0.05
Mysids -0.01 0 . 0 2 0.31 0 . 2 2 0.03 -0.13 0.09 0.04 0 . 2 0 0.11 0.11 -0.14
Acartia 0.13 0 . 2 2 -0.33 -0.51 -0.03 0.37 -0.02 0.06 -0.42 - 0.11 0 . 0 2 -0.10
Calanus -0.19 0.05 0.38 -0.04 0.13 0.04 0.29 0.23 0.43 0.35 0.14 -0.07
Centrop 0 . 1 0 0.62 -0.33 0.27 -0.53 -0.41 -0.05 0.05 -0.42 -0.49 -0.04 -0.06
Eucal 0.24 -0.13 0.37 0.05 0.48 0 . 1 2 -0.15 -0.20 0.52 0.34 0.13 -0.09
Metridia 0 .0 1 -0.25 0.52 -0.20 0.53 0.35 0.29 0.14 0.64 0.59 0.17 -0.08
Neocal 0 . 2 0 -0.24 0.16 -0.84 0.40 0.79 0.18 0.14 0.03 0.40 0.09 - 0.11
Pseudocal 0.07 -0.15 0.18 -0.58 0.19 0.47 -0.03 -0.09 -0.05 0.14 0.25 -0.34
EuphEggs 1.00 0.16 -0.02 -0.22 0.23 0.24 -0.1 1 -0.13 -0.01 0.00 0 . 0 2 -0.08
EuphNonadult 0.16 1 .0 0 -0.15 0 . 2 0 -0.22 -0.24 0 .0 1 0.11 -0.16 -0.17 -0.03 0.03
EuphAdult -0.02 -0.15 1 .0 0 -0.05 0.35 0.13 0 .2 1 0.14 0.69 0.51 0.23 -0.21
MeanTemp -0.22 0 . 2 0 -0.05 1.00 -0.47 -0.92 -0.09 -0.07 0.05 -0.35 -0.09 0.13
MeanSal 0.23 -0.22 0.35 -0.47 1.00 0.74 -0.03 -0.03 0.50 0.60 0.07 0.03
MeanSig 0.24 -0.24 0.13 -0.92 0.74 1.00 0.05 0.05 0 . 1 2 0.49 0.08 -0.06
Thermocline -0.11 0 .0 1 0 .2 1 -0.09 -0.03 0.05 1.00 0.81 0.27 0 .2 1 -0.01 0.09
Pycnocline -0.13 0.11 0.14 -0.07 -0.03 0.05 0.81 1.00 0.18 0 .2 1 -0.07 0.17
StratParam -0.01 -0.16 0.69 0.05 0.50 0 . 1 2 0.27 0.18 1.00 0.68 0.17 -0.04
Depth 0.00 -0.17 0.51 -0.35 0.60 0.49 0 .2 1 0 .2 1 0.68 1.00 0.28 -0.22
Slope 0 . 0 2 -0.03 0.23 -0.09 0.07 0.08 -0.01 -0.07 0.17 0.28 1.00 I o <1

DistMaxSlope -0.08 0.03 -0.21 0.13 0.03 -0.06 0.09 0.17 -0.04 -0.22 -0.71 1.00
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Additional maps
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Figure D -l. Location of CTD stations in June (top) and July (bottom) 2002.
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Figure D-2. Location of combined stations, by month, in 2003. (A) May: 303, (B) June: 
306, (C) July: 308, (D) July: 309, (E) August: 311, (F) August: 313, and (G) September: 
314.
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Figure D-2 (cont.).
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Figure D-2 (cont.).
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Figure D-3. Monthly fin and humpback whale distribution in 2003. (A)
May, (B) June, (C) July, (D) August, and (E) September. Symbol size represents number 
of individuals per sighting.
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1

Figure D-3 (cont).
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Figure D-3 (cont).
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APPENDIX E 

Zooplankton taxa collected at sampling stations

Table E - l . Zooplankton taxa identified from July-September 2002 sampling stations.

Amphipoda
Gammaridae

unidentified Gammarid 
Hyperiidae

Parathemisto pacifica
Bivalvia

unidentified bivalve
Copepods  size class (mm)___________

Calanoid Copepod <1.0 1.0-2.5 2.5-4.0 4.0-6.0 >6.0
Calanus spp. x x
Centropages abdominales x
Epilabidocera longipedata x x
Eucalanus bungii x x x x
Metridia spp. x x
Neocalanus cristatus x
Neocalanus spp. x x
Pseudocalanus sp. x
unidentified copepod x x x

Cyclopoid Copepod
Oithona spp. x

Monstrilloid Copepod
Monstrilla spp. x

Chaetognatha
Cirripedia

Cirripedia nauplii 
Cirripedia fragments

Cladocera
Evadne spp.
Podon spp.

Cnidaria and Ctenophora
unidentified jellies 
Siphonophore fragments

Cumacea
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Table E-l (cont.).

Decapoda
Crabs

Brachyrhyncha/Oregoninae zoea 
Paguridae zoea 
unidentified megalops 

Caridea (shrimp)
Crangonidae
Hippolytidae
Pandalidae
unidentified juvenile shrimp 
unidentified shrimp 

Echinodermata
Asteroidea

unidentified sea star
Eggs

Euphausiid eggs 
unidentified eggs

Euphausiacea
Thysanoessa inermis 
Thysanoessa longipes 
Euphausiid furcilia

Gastropoda
Clione limacina 
Echinospiro 
Limacina helicina

Larvacea
Fritillaria sp.
Oikopleura spp.

Larval Fish
Cottidae
Osmeridae

Mallotus villosus
Mysidacea

Neomysis rayi 
unidentified mysid

Polycheata
Tomopteris spp. 
unidentified polychaete
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Table E-2. Zooplankton taxa identified from combined stations, May-September 2003.

Amphipoda
Caprellidae

unidentified Caprellid 
Gammaridae

Anonyx sp.
Cyphocciris challenged 
Paroediceros sp.
Stenothoidae 
unidentified Gammarid 

Hyperiidae
Parathemisto pacifica 
Primno macropa

Bivalvia
unidentified scallop 
Bivalve larvae

Copepoda  size class (mm)____________
Calanoida <1.0 1.0-2.5 2.5-4.0 4.0-6.0 >6.0

Acartia longiremis x
Acartia tumida x
Acartia spp. x
Aetideidae x x
Calanus spp. x x
Centropages abdominales x
Epilabidocera longipedata x x
Eucalanus bungii x x x x
Euchaeta spp. x x x
Eurytemora spp. x
Mesocalanus tenuicornis x
Metridia spp. x x
Neocalanus cristatus x
Neocalanus spp. x x
Pseudocalanus sp. x
Tortanus discaudatus x
unidentified copepod x x

Cyclopoida
Oithona spp. x x

Harpacticoida
unidentified Harpacticoid x

Monstrilloida
Monstrilla spp. x x
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Table E-2 (cont.)

Chaetognatha 
Cirripedia nauplii 
Cladocera

Evadne spp.
Podon spp.

Cnidaria and Ctenophora
unidentified jellies 
Siphonophore fragments 
Hydroid fragments

Cumacea
Decapoda

Crabs
Brachyrhyncha zoea 
Oregoninae zoea 
Galatheidae zoea 
Paguridae zoea 
unidentified zoea 
unidentified megalops 

Caridea (shrimp)
Crangonidae

Crangon communis 
unidentified Crangonid 

Hippolytidae 
Pandalidae

Pandalus platyceros 
unidentified Pandalid 

unidentified juvenile shrimp 
Echinodermata

Asteroidea
unidentified sea star

Eggs
Euphausiid eggs 
Fish eggs 
unidentified eggs
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Table E-2 (cont).

Euphausiacea
Euphausia pacifica 
Thysanoessa inermis 
Thysanoessa inspinata 
Thysanoessa raschii 
Thysanoessa spinifera 
Thysanoessa spp.
Juvenile euphausiid 
Euphausiid furcilia 
Euphausiid calyptopsis 
Euphausiid nauplii

Gastropoda
Clione limacina 
Echinospiro 
Limacina helicina 
unidentified Gastropod

Isopoda
Cryptoniscidae 
unidentified isopod 

Larvacea
Fritillaria sp.
Oikopleura spp.

Larval Fish
Agonidae

Podothecus accipenserinus 
Ammodytidae

Ammodytes hexapterus 
Cottidae 
Gadidae 
Hexagrammidae 
Myctophidae

Stenobrachius leucopsarus 
Osmeridae

Mallotus villosus 
Pleuronectidae 
Scorpaenidae 
Stichaeidae
unidentified larval fish
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Table E-2 (cont).

M ysidacea
Acanthomysis nephrophthcilma
Acanthomysis spp.
Holmesiellci anomala
Holmesimysis sculptci
Meterythrops robusta
Neomysis rayi
Pseudommci truncatus
Stilomysis grandis
Juvenile mysid
Brood pouch mysids
unidentified mysid

O stracoda
Polycheata

Amphaetidae
Mcigelona sp.
Sphaerodoropsis sp.
Spionidae
Tomopteris spp.
unidentified Polychaete


