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INTRODUCTICN

Killer whales (Qrcinus orca), or arcas, are an cdontocete
species placed in the family Delphinidae (Hershkovitz 1966). fThe
orca is a relatively modern form, evolved in the mid to late
Miocene (Gaskin 1982). Analyses of karyotype revealed an un-
usually high rate of chromosomal evolution, which may be relateg
to the breeding system (Duffield 1586). Orcas have many morpho-
logical similarities with Glebicephala, Feresa, and Pseudorca
(Nishiwaki 1963), Orcas, however, have proportionately greater
sexual dimorphism than these other genera, with maximum recorded
lengths of 8.53 n for females and 9.75 m for males (Perrin and
Reilly 1984), and males weighing twice as much as females (Matkin
and Leatherwood 1986}.

Orcas are distributed world-wide but their populations are
concentrated in coastal and polar regions (Slijper 19s2; Gaskin
1982; Mikhalev et al. 1981; Matkin and Leatherwood 1986; Heyning
and Dahlheim 1988). Many geographically and socially isolated
populations exhibit regional variations in pigmentation patterns
(Evans et. al. 1982) and morphology, prompting some researchers
to propose a new Antarctic species, Orcinus glacialis (Berzin and
Vladimirov 1983).

Killer whales are top-level carnviocres and opportunistic
feeders, with an extensive list of prey species (cetacean species
of all sizes, pinnipeds, fish, squid, and birds), and use a
variety of foraging behaviors in capturing these prey (Martinez
and Klinghammer 1970: Hoyt 1981; Perrin 1982: Lopez and Lopez
1985). In some areas orca sightings increased during seasons of
prey abundance (Jonsgard and Lyshoel 1970; Condy et al. 1978;
Heiml ich-Boran 1986a).

The most extensive studies on the biology and behavior of
wild orcas have been conducted along Vancouver Island, British
Columbia. Beginning in 1973, Bigg and co-workers (1976, 1982,
1987) developed a photographic technique to identify individuals
by their natural markings and dorsal fin shape. After several
Years and thousands of photographs no new orcas were observed,
and they concluded that the British Columbia population was
stable, the only changes due to deaths and births. This pop-
ulation (261 orcas in 1981 (Bigg 1982)) was coemposed of many
stable family groups which Bigg called pods.

Bigg (1982) defined a pod as a social grouping consisting
"... of the same individuals which travel together throughout the
year and over a period of at least seven years". In addition,
"... pods generally do not split for more than a few hours or
days. Thus recognition of a single individual will generally
indicate that the remaining members of its pod are nearby." Ppod
size ranged from 1 to 50 individuals, but typically contained
5-20 whales. pPod compositions ranged from one female with seven
males (B pod), to one bull with several females (A5 pod), to Il1
ped with only females and calves (Bigg 1982). Bigg also noticed




that "Maternal associations tend to form distinct subgroups
within pods.™ XNo dispersal by either sex was observed, and it
appeared that calves remained with their mothers into adulthood.
Based on these observations, Bigg et al. (1987) plotted known and

estimated lineage relationships within subgroups, or "subpods",
of all individuals.
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Figure 1. A) Distribution of Northern and Scuthern Resident
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The pods also formed three socially isolated communities:
southern resident (N=79, 3 pods); northern resident (N=13%, 12
pods); and transient (N=47, 15 pods; Bigg 1982; Figure 1).
Resident pods were sighted only in their respective areas,
primarily from spring through summer months, and occasionally
during winter. Transient pods, however, were sighted throughout
the range of resident pods at all times of year but were never
observed to interact with resident pods (Bigg et al. 1987).
Resident pods were observed feeding only on fish, whereas
transient pods fed on both fish and marine mammals (Bigg et al.
1987). Morphological differences in pigmentation and dorsal fin
shape between resident and transient pods were detected. Bigg et
al. (1987) propesed that residents and transients, although
sympatric, were different races scocially isolated from one
another.

By following individual life histories, Bigg (1982) observed
many population parameters. The breeding rate was lower than its
predicted biotic potential, averaging about 10% per year.
Minimum calving interval was three years if the calf survived,
but, since only a few females produced calves, the average
calving interval for the population was closer to eight years.
Net population change was estimated to be 2.52%. Age of sexual
maturity for females was estimated to be 6.7 years, and for males
12 years. A similar estimate was reached by Heimlich-Boran
(1986b). However, social maturity is likely to occur even later
than these estimates (Wasser and Barash 1983). Female longevity
was estimated at up to 80 years, whereas male longevity was
estimated at less than 60 years (Bigg, et al. 1987).

Historically, orcas off British Columbia were not hunted for
their meat and o0il, but a live-capture fishery did exist from
1961 to 1976 (Bilgg and Wolman 1975; Asper and Cornell 1977).
During this period a total of 75 whales were removed from the
population, including 10 that died during capture operations.
Fourteen of these orcas were taken from 3-4 pods in the northern
community for use in various oceanaria, including 12 animals
removed from A5 pod, eight of them immature (Bigg 1982). Several
behavioral and acoustic studies have been conducted with some of
these captive whales (Dahlheim and Awbrey 1982; Morton et al.
1986; Bain 1986; Ray et al. 1986).

Ford and Fisher (1982, 1983) examined the relationships
among pods by analyzing their acoustic behavior. They
demonstrated that each pod produced 7 to 17 discrete pulsed
vocalizations that were stable for periods of at least 18 years.
Some calls were shared among some pods, and some were unigque to
each pod. Based on the degree of call sharing among pods, the
resident population was divided into four dialect groups called
clans. Each clan had a unique set of vocalizations. The
southern community (Figure 1) was one clan, and the northern
community was composed of three clans.



Several behavicral studies have been conducted on the pods
within the southern community (Osborne 1986, Haenel 1986,
Heimlich-Boran 1986a, Balcomb et al. 1980, 1982) including an
analysis of associations among lndlvlduals (Heimlich-Boran
1986c), similar studies had not been initiated on the northern
community. The primary objective of my study was to conduct a
long term study of daily asscciations among individuals within
pods and how these associations varied with behavior, and
associations among resident pods within the northern community.
A Secondary objective was to describe social behaviors that
occurred in particular types of associations (i.e.: intersexual,
and male-male).

METHODS

study Area and Time Period of Observations

The study area is located at the northern end of Vancouver
Island, British Columbia and includes the northern portion of
Johnstone Strait and part of Blackfish Sound (Figure 1). The
waters are semiprotected, generally calm, and easily navigable in
a small open boat. The study area is within the range of the
northern resident community (Bigg 1982).

Two main campsites were established, on Vancouver Island at
Robson Bight {1979-1981) and on West Cracroft Island at Boat Bay
(1982-1985) (Figure 1). Both campsites offered elevated (8-15
meters) views of Johnstone Strait and the opposite shoreline.

The Orcalab facility overlooking Blackfish Sound on Hanson Island
was utilized for a portion of the 1981 field season.

Data for this study were collected over an eight year
period, from 1979 to 1986, during the months of July through
September. Dates of my field season for each year and number of
hours of recorded observations are listed in Table 1. Additional
pod sighting data were obtained in 1984, 1985 and 1986 from Bain
(pers. comm.) and co-workers who were working in the study area
before my field season began {Table 1). An "observer day" was
defined as one in which at least one reliable researcher was on
duty scanning the Strait for orca for at least 75% of daylight
hours. Since events such as severe storms, supply trips to town,
and malfunctioning outboard engines occasionally made it
impossible to meet these criteria, some days were not included in
the analyses.



Table 1. Observation effort by year: extension of field season
for pod sightings from other researchers {(see text}); dates of
field seascn: number of days in field season including extension;:
number of observer days (see text); and number of hours of
recorded observations.

TR S TR S S UL AT UL L ol T VT TR T S S A AU Ul iy YT U Al o S LAl s ks . S YR S o . L ik ks ik e e el S TS A R . T A . o o o

Extension Dates of Observer
Year of Season Field Season Bays Days Hours
1879 x July 1 - Aug. 28 59 52 136
1980 X July 12 - Qct. 1 82 75 143
1881 X July 3 - Oct. 1 92 67 1686
1982 b July 5 - Sept. 11 69 65 351
1983 X July 7 - Sept. 16 72 63 214
1584 July 1 July 10 - Sept. 15 77 56 239
19835 June 24 Aug. 6 - Sept. 15 84 83 205
1986 June 27 July 2 =~ Sept. 1% 81 79 312
TOTALS 610 536 1766
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Study Animals and Definition of Terms.

A "maternal subgroup" refers to a cow and her known
offspring born since 1973, during the period of photographic
documentation. Bigg (pers. comm.) provided lineage information
for calves born between 1973 and 197%9. A "subgroup" refers to
one or more maternal subgroups plus other closely associated
individuals of unknown lineage. A "pod" consists of any
individuals that were always sighted together throughout the
eight year study period. A pod may consist of one or more
subgroups.

In Bigg's (1982) identification system, each pod was
assigned a letter and each individual within a pod was assigned a
number. Bigg divided the northern community into twelve pods and
named them Al, A4, A5, B, C, D, G, H, I1, I1l, R, and W. In the
course of this study subgroups of seven of these pods traveled
independently for pericds greater than one day. For this paper,
when a subgroup split from the rest of the pod it was sub-
sequently identified as a new pod. Each new pod was named after
what appeared to be the eldest female in the group. Pod div-
isions were as follows: Al pod became A2, Al2, and A36 peds; C
pod became C5 and C6 pods; D pod became D3 and D7 pods; G pod
became G4 and G2 pods; Il pod became Il and I2 pods; and Ill pod
became I1l1 and Il1l% pods (see Appendix 2 for a complete comparison
of IDs used in this paper with IDs used by Bigg et al. 1987). 1In
order to maintain consistency in sample size, the resulting 20
pods were used throughout all analyses, with cne partial
exception. In 1986 the two pairs of maternal subgroups within AS
pod began traveling independently, and were designated the A9 and
Al4 pods. The A5 pod was split only for the 1986 and 1979-1586



association analyses. An annual census of the 20 resident pods
from data compiled by Bigg (pers. comm.} is presented in Table 2.

Age classes were defined as follows. Calves were between
one and three years old, identified by their small size, orange
tint in white areas, and mottled grey of black areas), and close
surfacing proximity to their mothers. Juveniles were 4-10 years
old. Subadult females were large juveniles known to be greater
than ten years old. Subadult males were large juveniles whose
dorsal fins had begun secondary growth. Adult males and females
were mature individuals whose body length and dorsal fin size had
reached a maximum. Postreproductive females were cows not seen
with calves in at least eight years. Sexes were determined by
ventral pigmentation patterns (Matkin 1986; Bigg et al. 1987}, or
male dorsal fin dimcrphism (Bigg 1982, Heimlich-Boran 1986b),
and/or penile displays.

The five A-pods (A2, Al2, A36, A4, and A5}, the most
frequently sighted pods in the study area, were chosen as the
focal group for the analysis of associations among individuals.
The annual composition of the A-pods, individual identity code
(ID), age class, sex {(when known), and known lineage
relationships (Bigg 1987, pers. comm.) are listed in Table 3.

Table 2: Annual Census of the Resident Pods Sighted in the
Johnstone Strait. Parentheses denote estimates. Data
compiled by Bigg (pers. comm.).

o o A LA —— S ] Tron T T —— ] D] S i o o o o o o otk ok R L U A T T ) T T P e MR S i T T T W Y et A A e e

POD 1979 1980 1981 1982 1983 1984 1985 1986
A2 5 6 6 6 6 6 6 6
Al12 4 4 4 4 4 4 4 4
A36 4 4 4 5 5 5 5 5
A4 6 3 6 6 9 7 7 7
AS 11 12 12 12 12 12 12 13
B 8 8 8 8 7 7 7 7
cs (3) 3 (3) 3 (3) 3 4 4
cs (7) 7 (7) 7 (73 6 6 6
D3 (5) 5 (5) 4 (4) 3 3 3
D7 (5) 5 (5) 6 (6) 7 7 6
G4 3 3 3 3 3 3 3 3
G2 (24) (24) 24 24 (24) (24) 26 (26)
" 6 6 7 7 7 & 6 7
Il 4 5 (5) (%) (5) {5) {5} 7
12 13 16 16 18 (18) (18) 17 19
T11 (4) 4 4 4 5 (5) 6 6
115 (5) 5 5 5 6 (6} 7 8
131 (5) (5) 5 5 5 5 7 7
R (17) (17) (17) 17 (17) (18) 19 (19)
W (4) (4) 4 4 4 4 3 3

o . o o AR W Gl Aot b o i il AR, WA A A T L S o S TR T e T T o e el b Ul ey el ke AR AR RS UL L NS AR . SO, T bk i b ek e

o e e S A AT AT S —— T T W o T T — Y S T o o ok e i il O W T S T A A A Aol AL S S T " S S



Table 3: Compositiocn of Focal Pods. Individual identity code
(ID), known sex (F=female, M=male), and age class (see text:
A=adult, P=postreproductive female, S=subadult, J=juvenile,
C=calf, X=absent). Cow's known offspring are indented and listed
from youngest to oldest. Data from Bigg et al. (1987, pers.
comm.}; pod ID in parentheses was that used by Bigg (1982).

Pod ID Sex Age (Class
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Data Collection and Analysis.

Observations were made primarily from a 4.2 m Zodiac
inflatable boat, powered by a 25 hp outboard motor. Aidditional
observations were made from shore using a 45X spotting scope.
The whales' vocal activity was recorded using a Sony TC-DSM tape
recorder and various hydrophones. Individuals were identified by
their natural markings: shape of the dorsal fin, shape of the
saddle patch {area of grey pigmentation posteriocr to the dorsal
fin), and nicks and scratches. The identification codes
established by Bigg {1%82) were used and were updated annually.
If the identity of an individual was uncertain or unknown, full-
frame 35 mm photographs of the dorsal fin and saddle patch were
taken. Approximately 11,000 photographs were taken and analyzed
over the entire study period.

Associations were analyzed at two levels: among individuals
and among pods. During the first yvear of the study I was still
learning how to recognize individuals and assign them their
correct identification code. Consequently, the 1379 data are not
as reliable or complete as in subseguent years, and are presented
only at the pod level.

Assoclations Among Individuals

Individuals were considered to be associated 1f they were
either 1) surfacing within a few meters of one another in a
coordinated manner, or 2) surfacing within 100 m of one ancther,
engaged in a common activity (such as foraging), and moving as a
group. Any isclated individual was recorded as solitary.

Asscclations among individuals were scan sampled (Altmann,
1974) throughout each day in the following manner. Scan sampling
was used instead of time sampling due to the difficulty in main-
taining visual contact consistently with all the whales for long
periods of time. A group of orcas were approached from the side,
each individual identified and asscciations recorded. If another
group was sighted, it was subsequently approached and identified.
This procedure was repeated until all groups in the study area
were identified and all associations were recorded.

If an associlation was observed for at least 10 minutes, the
activity was assigned to one of four behavior categories:
traveling, resting, foraging, and socializing (Jaccbsen 1986).
Detailed field notes were taken of social interactions,
especially if crientations toward urocenital areas and penis
displays were observed. The orcas were not sampled again unless
they changed activity state and/or associations for at least 10
minutes.

t+ the end of each field season associaticon and behavioral
observations of individuals within the five A-pods were
transcribed from field notes onto standardized data sheets. Each
entry consisted of date and time of the observation, animals in



association, and corresponding behavior code. Rapidly changing
associations that occurred during play bouts were clumped into
one reacord. Assoclation data without sufficient behavioral notes
were recorded without a behavior code. The standardized data
ware then entered into dBase IT on an Osborne 1 personal
computer.

The database was searched tec calculate an annual index of
association for each possible pair combination of individuals.
The index, based on Dice's (1%45) coincidence index, is:

1) 1000 (2 Ni3j / Ni + Nj),

where Ni and Nj are the number of times individuals i and ] were
sighted, and Niij is the number of times i and ] were assoclated.
In the case of solitary individuals, Ni = Nj, and the egquation
beccomes:

2) 1000 (Ns / Ni),

where Ns 1s the number of times that individual was encountered
alone. The result will be referred to as a solo index. The
factor of 1000 was used as a formatting convenience.

The index of association ranges from zero (no association
between a pair) to 1000 (complete association). For the solo
index, zero equates to an individual never sighted alone, and
1000 to always being sighted as solitary. Variocus forms of this
index have been used for lions (Schaller 1972} and chimpanzees
(Morgan et.al. 1976). This index was chosen for its simplicity,
and to facilitate comparison with other studies on wild dolphins
(Heiml ich-Boran 1986c, 1988; Wells 1986) where it alsc was used
to quantify assoclations. :

Two searches of the database were conducted based on
behavioral criteria. First, all associations occurring during
active behaviors (traveling, foraging, and socializing), and
unassigned associations were selected for calculation of
association indices. For the second search only foraging
assocliations were selected, hence it was a subset of the first
search. There were insufficient data to analyze traveling or
socializing as separate categories or as a lumped category. A
percentage distribution, by behavior category, of all individual
association records in the database (n=1,698) was: 40.9%
foraging:; 14.9% socializing; 4.9% travel; and 39.3% unassigned.

Assoclations among resting individuals were excluded from
index calculations for two reasons. First, resting whales
asscciated almost exclusively with members of their own
subgroups, so these data bilased the results towards subgroup
associations. Secondly, a resting subgroup often aligned side by
side with one or more other resting subgroups, and all subgrcups
established a routine and coordinated diving pattern {(Jacobsen
1985, 1986). Although an individual was mostly coordinated with
members of its own subgroup, it may also be alongside an
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individual from another subgroup. Consequently, three different
sassociations were occurring simultaneously: individual with its
own subgroup; individual with another subgroup/ and individual
with the entire assembledge of subgroups.

The association indices calculated for each year were
arranged into triangular matrices with solo indices placed along
the diagonal. While triangular matrices provided the most
detail, overall relationships among groups of individuals were
difficult to interpret visually. Single-~linkage cluster—-analysis
(SLCA) (Morgan et. al. 1976; Lehner 1979) therefore was used to
display indices as dendrograms. This analysis consisted simply
of sorting indices in descending order of magnitude and then
plotting clusters by adding each new pair as they were
encountered in the list. To simplify subgroup identification
clusters were built from left to right, placing cow IDs at the
left of each subgroup cluster whenever possible. The non-zerc
solo indices were plotted as points.

Because the number of redundant pairs increased as clusters
grew, a great deal of information was lost in SLCA
representations - only 17 out of a possible 153 association
indices were used to generate a dendrogram of 18 individuals.
Consequently, the ID of the individual responsible for each
nigher level linkage also was displayed in the dendrogans.

To examine the variations in associations among subgroups
according to age class and lineage relationships the following
analyses of association indices were performed. For each year
from 1980 to 1986, individuals were selected from Table 2 and
grouped by age class and lineage relationship. The resulting
seven categories were: calves, juveniles and subadults of known
descent (indented IDs in Table 3); juveniles, subadults and
adults (excluding cows) of unknown descent; and cows. For each
category, association indices corresponding to an individuals
first link to its subgroup were selected from the matrices, To
compare the above intra-subgreup linkages with inter-subgroup
linkages, indices that linked subgroups in the dendrograms were
selected. The above procedure was repeated for foraging indices
and all solo indices, but with age classes of known and unknown
lineages combined. Ranges, means and standard deviations were
calculated for each set of indices.

Pod Sightings and Assoclations

A daily record of resident and transient pods sighted in the
study area was maintained throughout each field season. The four
transient pods sighted in this study (M, O, P, Q) will be
identified collectively as transients in the following analyses.
Sightings made by other observers working in the study area and
familiar with the identification system were included, and
verified whenever possible. Observers working in boats included
Michael Bigg, Graeme Ellis, John Ford, Paul Spong, Jim Borrowman,
Bill McKay, and David Bain and co-workers. 1In 1983, a shore



11

station overlooking Johnstone Strait was established by Kruse
(1985, and in press) on a 50 meter cliff on Cracroft Island 1.2
nautical miles west of Boat Bay Camp, and was utilized throught
the remainder of the study pericd (Bain 1985). Frequent radio
communication with all cbservers was maintained starting in 1983.

To examine annual variations in the number of resident pods
sighted in the study area, frequency distributions of the number
of resident pods sighted per day were compiled for each year.
The number of pods sighted per year was averaged over the number
of observer days. The sightings of A-pods were also averaged
over the number of observer days. Census data from Table 2 were
combined with daily pod sighting records to calculate the number
of whales sighted per day. A fregquency distribution was then
made of the number of orcas sighted per day. The average nunber
of orca sightings per cbserver day was calculated for each year.

To examine the annual variations in occurrence of each pod
in the study area, the number of individual pod sightings per
year was tallied. To eliminate the effect of varying observation
effort, these data were normalized by calculating an annual
percentage of daily sightings, equal to the number of sightings
for each pod per year divided by the number of observer days per
vear, multiplied by 100. The number of days when no orca were
sighted per year also was normalized. Percent daily pod
sightings also were calculated for all years combined.

The daily resident pod sighting data were entered into dBase
I software on an Osborne I perscnal computer. Each record
contained the date and pods observed in association. A pair of
pods was considered in association if they were observed within
the study area for at least one hour during the day. If this
criterion was not met an additional record was added for each
assoclation observed on that date.

The annual degree of mixing among pods was measured by
counting the number of pod pairs observed in association for each
year. The number of pairs observed was then expressed as a
percentage of the number of pairs possible (190 pairs among 20
pods). The number of new pairs observed cumulatively over the
eight year period also was tallied and converted into a
percentage.

Indices of association (see above) were calculated for all
pairs of pods for each year and for all years combined. Solo
indices were calculated for sightings of solitary pods. Indices
were placed in triangular matrices, and single link cluster
analysis dendrograms were drawn for each matrix, with sclo
indices greater than zero represented as polnts.
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RESULTS

Associations Among Individuals

The orcas predominantly associated with members of their own
subgroup during all active behaviors. The resulting nigh within-
subgroup assoclation indices were a prominent feature of all
individual association matrices (Table 4: Appendix 1). Because
the IDs were arranged as subgroups along the axes of the
matrices, the within-subgroup indices were located in small
triangular sub-matrices along the diagonal. The highest indices
within a matrix were typically found within these sub-matrices.
The lower indices of any matrix tended to be found outside these
sub-matrices, correspeonding to between-subgroup assocliations, or
sclc indices along the diagonal.

Table 4. Triangular matrix of 1980 association indices among
A-pod individuals (peods AZ, Al6, and Al2 were omitted due to only
one sighting), and solo indices (underlined, along diagonal}.
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The high degree of within-subgroup associations was alsc a
prominent feature of all SLCA dendrograms {Figures 2-8). Within
each dendrogram the order of individuals along the horizontal
axis was a result of SLCA, based on the highest association index
for each individual. All individuals clustered first within
their subgroups, with only two exceptions: A25 in 1583 (Figure
7), and A20 in 1986 (Figure 8).

For example, the dendrogram in Flgure 2 was generated from
the triangular matrix in Table 4. The A23 subgroup begins with
A22 as the seventh ID from the left. A23's index of association
with her calf A29 was 978, represented in the dendrogram by a
horizontal line to the right linking A23 and A29. A23's oldest
calf, A27, links next to the right with an index of 851. Solo
indices greater than zero were represented as squares (l.e. A5 at
189, and Al10 at 181). The IDs responsible for higher level
linkages were displayed next to horizontal lines (i.e. an index
of 90 linked A27 with A4, hence A5 pod with A4 pcd).

The highest within-subgroup assoclation indices were between
cows and their youngest calves (Figure 9). As calves aged their
associations with their mothers tended to decrease (Figure 9) as
they increased their asscciations with other individuals. For
example, A40's index with its mother A30 decreased from 1000 in
1981 (Figure 3) to 709 in 1983 (Figure 5). When a calf was born,
it occupied the position of the previous calf in the dendrograms:
A46 in 1982 (Figure 4); A48 in 1983 (Figure 5); and A49 in 1985
{Figure 7}.
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Index af Association
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Lineage Relationships

There was l1ittle difference in the within-subgroup
associations between individuals of known and unknown lineages
(Figure 9). This was especially evident among juvenile and
subadult age classes. Because Figure 9 represents a compllation
of seven years of indices, most individuals of known and unknown
lineages passed from cne age class to the next (Table 3),
representing a continuum from calf to adult.
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Figure 9. Means, ranges, and standard deviations of intra-

subgroup linkages (see text) by age class for A-pod individuals
of know and unknown lineage.
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Solo Indices

Sclo indices ranged from 20 to 538 (Table 4; Appendix 1).
The lowest values were among juveniles and subadults, whereas the
higher indices were among adults (Figure 10). This trend of
increasing solitary behavior with age was in general accord with
that of decreasing within-subgroup associations with increasing
age (Figure 38). On eight occasions the solo index exceeded the
subgroup linkage for an individual. All of these individuals
were adults: A20 (n=4); A2 (n=2); A5 (n=1)}; and AlOQ {n=1), On
three occasiocns an adult male was the only orca sighted within
the study area. In 1986, R1 was sighted alone on two consecutive
days, and A20 was sighted alone once (Appendix 2).
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Figure 10. Means, ranges, sample sizes, and standard deviations
of intra-subgroup linkages (see text) and solo indices by age
class, and inter-subgroup linkages, for A-pod individuals during

all active behaviors (white bars), and during foraging (black
bars).
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Tn 1982, the number of individuals with solo indices greater
than zero was about twice the average of all other years. This
increase was predominantly among cows and juveniles, and included
the only instance of a solo calf. While the increase may have
represented greater dispersal of individuals in 1982, it also may
have been an artifact of inconsistent sampling criteria for that
year.

Associations Among Individuals During Foraging

Associations among individuals which occurred during
foraging comprised 40.9% of reccrds selected from the database
for association index calculations. Foraging associations were
analyzed separately as a subset of the assoclation analysis of
all active behavior categories combined.

Foraging whales associated mostly with individuals from
their own subgroup. The highest indices of foraging were found
as triangular clusters along the diagonal of the matrices
(Appendix 2), corresponding te within-subgroup associations. The
corresponding SLCA dendrogranms (Appendix 2) showed individuals
linking first within their own subgroups, with only four ex-
ceptions (Appendix 2: A2, 1981; A25, 1985; AZ0 and A2, 1986).
Within-subgroup linkages for foraging were slightly greater than
indices of all active behaviors {including foraging) combined for
all age classes (Figure 10). The ranges and standard deviations
were also similar, with the exception cof the subadult category.

The single zero within-subgroup index cccurred in 13985 for
A25, who had no pairings with Al4 or Al5 and linked first with
the A8 maternal subgroup (Appendix 2). This was probably due to
a low sample size of only four foraging sightings for A25. When
this zero association was removed from the subadult category, the
lower range limit increased to 363, the mean increased to 683.7,
and the standard deviation decreased toc 186.5.

Solo indices also tended to increase during feoraging
(Figure 10), especially among adults. Sclo indices increased in

70.2 % of all cases (N=104); 41.1 % of these 1lncreases were among
adults,

Within a foraging subgroup the strongest associations were
between the cow and her young offspring (Figure 10). Juvenile
and subadult females (A25, A28, and A34) tended to forage with
their maternal subgroup, or with one another (i.e. A25 and A28 in
1985, Appendix 2). These associations varied from year to year
and by individual. However, juvenile and subadult males often
assocliated with an older male from their own subgroup for several
consecutive years. Pairs of males included: A4 and Al3 (1982 and
1983); A20 and A37 (1981-1984); and A6 and A39 (1983 and 1984}
(Appendix 2). Two other individuals were seen foraging together
throughout the study period: A2, a postreproductive female, and
A38, a juvenile then subadult male. The highest within-subgroup
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linkage for A2 was with A38 from 1981-1984 and in 1986
(Appendix 2). )

Allomaternal Associations

Allomaternal associations within and among subgroups were
observed throughout the study periced, involving postreproductive,
mature, and subadult females. In 1883, A2 linked first with A40
(Figure 5), a four year old juvenile. On six occasioens (in-
cluding two times while foraging), nc other orcas accompanied
them. Their index for 1983 (555) was approximately twice their
indices during 1981 and 1982, when there was always another orca
present, primarily A30Q.

In 1986 A2 linked first with A43 when foraging (Appendix 1),
suggesting an allomaternal association with a juvenile from
another subgroup. A23 was also present on all six occasions,
however, so 1t was unclear with whom A2 was associating, A23 or
A43. A2's linkage with A43 differed from her link with A38 by
only 13 (Appendix 2), so this dendrogram configuration may be due
to a low sanmple size.

Among the A-pods, three females (A2S5, A34, and A28} often
were observed in assocliation with calves or young juveniles from
their own subgroups when the calf's mother was absent. These
females had high association indices within their subgroups.
Therefore, their allomaternal assoclations with siblings, or any
changes in these indices with age, were not conspicuous within
the matrices and dendrogranms.

Each of the above three females also were seen in
assoclation with young orcas from other subgroups. In 1983, the
vear A25 became a subadult, she associated with A40 {index=108),
and during the following two years she was seen with A43 and ASO.
A28 became a subadult in 1985, and in that year her indices with
A43 and A50 increased from zero to 108 and 130 respectively. The
most distinct increase in allomaternal associations upon
attainment of sexual maturity occurred in 1986 with A34. 1In 1984
her assoclation index with A50 was zero, and in 1985 it increased
te 121, In 1986 it more than doubled to 259, On one of the
seven occasions that A34 was seen with A50 in 1986, A30 was not
present.

Assoclations Among Males

Males, particularly subadults and juveniles, formed play
assoclations that recurred throughcout the seascn, and sometimes
in successive years. Examples included most pair combinations
between juveniles A27, A37, A39, and Al3, and subadults A6, A33,
AZ26, A32, and A38. Some juvenile males (such as A27) were more
gregarious than others.
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During associations among males many chasing, rubbing, and
splashing behaviors were observed, so these associations were
placed in the play category. Urcgenital orientations and penile
displays were also observed among males. In 76.6% (N=47) of all
occasions when an erect penis was cbserved and all individuals
and their sexes were known the group consisted of males only.

During male play associations a behavioral sequence was
established. As one male swam a few meters below the surface,
another male rotated on his longitudinal axis to an upside-down
position and then oriented towards the upright male's urcgenital
area. Beak-genital contact was maintained as the upright whale
surfaced toc breathe and dove. The twe whales then spiraled into
the depths. After 3-3 minutes at depth they rested briefly at
the surface., When they resumed the beak-genital orientation the
male's roles usually were reversed. If role reversals were
observed these behaviors were termed reciprocal beak-genital
orientations. Displays of erect penises by either or both males
occurred during all aspects of this behavioral seguence. Reak-—
genital orientations have been observed among males of all age
classes. Subadult or adult males approached and followed
juvenile males in their maternal subgroup and the juvenliles left
their group and joined them. During a play bout the males
remained closest to the younger male's maternal subgroup. When
mere than two males were participating the same sequence of
behaviors was observed, but often seemed chactic due to frequent
changes in orientations and roles. :

During a series of observations which occurred on August 27,
1985, urcgenital orientations among males were observed which
differed from the reciprocal beak-genital orientation sequence
described above. At the onset of observations A38, a subadult
male, was observed with juvenile male A27. Both chased and
rubbed alongside one another, and engaged in reciprocal beak-
genital orientations. A38 rolled at the surface with an erect
penis. Forty minutes later, another subadult male, A33,
approached and all three began diving close together at the
surface. Within about five minutes A38 had left the area and a
new sequence of behaviors began between A33 and A27. A3J33 swanm a
body length or less ahead of A27 and as he began nis dive after
inhaling, he arched his back and lifted his flukes upright out of
the water. This movement resulted in either a fluke wave or
fluke throw (Jacobsen, 1986), depending on the momentum of the
lifted flukes. A27 was therefore presented with A33's ventral
surface, to which he oriented and against which he rubbed. The
two then swam off underwater in beak-genital position. During
the next hour this sequence was repeated five more times, always
with A27 orienting towards A33.

Intersexual asscociations.

Throughout the study period only 14 intersexual associations
were recorded that involved beak-genital orientations. Eleven of
these associations formed the remainder of the 47 instances
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mentioned above when a penile display was observed and all
individuals and sexes were known. On seven occasions a juvenile
female was present among a group of males engaged in beak-genital
rientations and penile displays. Three intersexual assoclations
involved penile displays from a young bull (A26), once with a
postreproductive female (A9, his probable mother), and twice with
maturing females (A25 and CLl0).

The last of the 47 cases occurred in 1981 and involved
subadult male A6 and mature female A24. On four occasions over a
1.5 month period A6 rubbed against A24 and oriented towards her
urogenital area. ©On one of these occasions a penile display was
observed. A24 gave birth to A49 about 11.5 months after the
penile display was observed. The gestation period for orcas has
been estimated at 15-17 months (Perrin and Reilly 1984, Walker
et al. 1988). Therefore, A24 was preobably at least 3.5 months
pregnant during her interactions with AS6.

There were few long term or recurring associations
observed between mature males and females from different maternail
subgroups. An exceptional case occurred during 1985 and 1986
between a mature bull, A20, and a maturing female, AZB (aged 14
in 1986). They were observed chasing and rubbing alongside one
another, and reciprocated beak-genital orientations. In 1986 A20
rested with the A8 subgroup on 2 occasions, swimming closest to
228 and synchronizing his surfacing movements with hers.

The highest association index for A20 and A28 from 1981 to
1984 was 48 (Appendix 1). In 1985 their index increased toc 292
and was the association linking A36 and A8 subgroups (Figure 7).
Oon the three days in 1985 when A20 was absent from A36 pod, AS
pod was also absent from the study area (Appendix 3), so A20 may
have been traveling with A28. In 1986 their index was 320, a
value greater than A20's link with his subgroup. A20's solo
index was also very high, so this was why he appeared to have
switched subgroups in the 1986 dendrograms (Figure 8,
Appendix 2).

A similar intersexual association occurred in 1984 between
maturing female A25 and mature male C2. Both were observed
together in resting groups and reciprocating beak-genital
orientations. When C2 was added to the 1584 association analysis
his index with 225 was 294.

Males performed another type of orientation behavior towards
females when several pods joined together. On these occasions
subadult and adult males left their subgroups and roamed
independently among the other subgroups. A male would swim three
to six body lengths behind a subgroup and make high arched dives
while the other subgroup dove shallowly. After a period cf 3-30
minutes he swam away, located another subgroup, and followed it
in the same manner.
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Pod Sightings and Associations

Throughout the study period, members of all individual
resident peds were sighted together within the study area, except
for 25 occasions (Appendix 3). In all other cases, when an
animal was missing from its pod it was not sighted again, and was
presumed dead.

Although all twenty northern resident pods were sighted in
the Johnstone Strait during the study period (Table 3), the
A-pods were sighted most fregquently (Filgure 11) and accounted for
71.2% of all sightings (N=2265). The predominance of the five
A-pods was represented in the left skewed frequency distribution
of number of pods sighted per cobserver day (Figure 12).

Table 5: Number of observer days, resident pod sightings,
collective transient pod sightings, and days no orcas vwere
sighted, 1979-1986.

Year 1979 1980 1981 1982 1983 1984 1985 1986 Total

Days 49 65 65 66 63 66 83 79 536
A2 31 1 ig 40 41 43 56 55 315
AlZ 31 L 33 31 21 31 35 39 227
Al6 31 1 38 39 42 42 60 46 299
A4 14 16 36 31 24 10 14 17 162
A9 28 43 s as 29 31 52 46 303
Al4 28 43 39 35 29 31 52 49 306
B 5 6 7 13 8 9 8 24 80
Cc5 Q 0 1 11 23 25 31 3G 121
Cs 0 o 1 = 0 2 28 20 57
D3 0 9 4 2 0 19 18 34 86
D7 o o 4 2 0 3 2 32 52
G4 0 0 1 9 12 2 3 1 28
G2 0 0 1 2 G 2 2 1 8
H 0 1 2 17 4 5 8 24 61
I1 1 0 3 3 2 1 o 2 12
I2 1 0 3 3 2 1 2 4 16
I11 0 0 4 4 2 0 0 6 16
I15 0 o 4 4 2 c 5 6 21
I31 0 0 1 2 5 7 3 186 34
R 0 0 0 2 2 0 9 2 15
W 0 0 0 14 3 7 6 i 31
Trans. O 1 2 1 1 3 3 4 13

total 170 131 266

L
[&]
[2.3)

252 274 407 459 2265

None 16 18 15

f
L
¥
-J
~}
-1

85
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The number of orcas sighted within the Johnstone Strait

varied annually (Figures 11-13) accerding to pod movements within
the northern community. The annual average number cof orcas
sighted per observer day ranged from 11.8 teo 34.6, and the annual
maximum number of orcas sighted in one day ranged from 30 to 107
(Figure 13). However, the population of the northern community
increased by only 18 orcas throughout the study period (Table 2:
Figure 13).
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Figure 11. Number of resident pods sighted annually per

observer day (open squaras) and number of A-pods sighted
annually per observer day (solid squares) .
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Figure 13. Annual census of northern resident community (crossed
sguares, data from bigg 1982 and pers. comm.), annual maximum
number of orcas sighted in one observer day (open sguares), and

annual average number of orcas sighted per observer day {solid
sguares) .

After 1983 there was an increase in the average number of
pods sighted per observer day (Figure 1l1). The nunber of A-pod
sightings did not increase proportionately, indicating that the
increase in sightings was due to other pods in the community.

The increase in pod sightings beginning in 1983 also corresponded
to a decrease in the number of observer days in which no whales
were sighted (Table 5). Although these data suggested that daily
use cf the study area by orcas had increased since 1983, they
also may reflect changes in cbserver effort.

The most significant change in observer effort occurred in
1983 with the establishment of a cliff observation site

overlooking the Johnstone Strait (Kruse, 1985, and in press). In
addition, an increase in commercial whale watching activity after
1983 also increased the exchange of sighting information.
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Consequently, pod sighting data from 1983 on was probably a more
accurate representation of the presence of orcas within the study
area than during the previous four years, Data from 1979-1982
would, therefore, tend to yield underestimates of the number of
pods and number of orcas sighted per observer day.

The amount of mixing among pods within the study area varied
annually, according to the number and frequency of pods sighted.
Mixing was greatest during 1982 and 1986 when every pod was
sighted at least once (Table 5), resulting in the two highest
percentages of possible pod pairs observed {(Figure 14}. By the

end of the study period only four pod pairs (1.9%) had not been
observed. .
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Figure 14. Annual and cumulative percentages by year of possible
resident pod pairs sighted in association (see text) and annual
percentage of possible resident pod pairs sighted on days when at
least 9 resident pods were present (superpod days).

Mixing among pods was not always a gradual process cccurring
throughout each field season. ©On 21 days during five field
seasons there were nine or more pods sighted within the study
area (Figure 12). These large gatherings, known as "superpods"
(Hoyt 1981), generally lasted for only one to two days and were



often due to the arrival cof rarely sighted pods. <onseguently,
from 50.5% to 96.7% of pod pairs observed during a year occurred
during superpod events (Filgure 14].

During the study period seven pods divided into thelir
component subgroups, which were subsequently referred to as pods.
From 1979-1981, the three subgroups in Al ped (A2, Al2 and A§6)
were sighted with egual frequency (Table 5). tarting in 1982
rhe three subgroups were sighted with unequal fredquency (Figure
15), and each was called a pod. In 13586 the %“wo palrs of
maternal subgroups in A5 pod (AS and A8, Al4 and A23) began to
travel independently (Figure 15). Beginning in 1982 C5 subgroup
was sighted more freguently than C6 subgroup. In 1883 C5 was the
£ifth most freguently sighted pod, and C6 pod was completely
absent (Figure 13;}. From 1984 +o 1986 D3 .subgroup wWas sighted
more frequently than D7 subgroup. Other progressive inequalities
in sighting freguency occurred among G2 and G4 {1882, 1983, 1g85,
1386), I1 and I2 (1885,1986), and Ill and I15 subgroups (1985)
(Figure 15).
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Resident Pod Associliation Indices

Throughout the study period there were several changes in
assoclation among the five A-pods. Pods AS, A2, and A3s
maintained a high index cof associaticn throughout the study
period {except during the almost complete absence of pecd Al in
1980), ranging from a high of 884 in 1986 to a low of 542 in 1983
{(Figures 16-23; Appendix 4). Pod A4 alsc was asscclated closely
with the Al subgroups until 1983, when its index dropped below
500 where it remained until 1986. In 1986 pod A4 was sighted
more frequently than in the previous two years but was assoclated
more with pod CS than other A-pods (Figure 23).

among the three subgroups in pod Al, the A2, and A3l6
subgroups maintained the closest asscclation throughout the study
period, with indices ranging from 1000 to a low of 871 in 1986
(Figures 16-23; Appendix 4). The Al2 subgroup bkegan to
disassociate from the A2 and A36 subgroups in 1982, with indices

of 788 and 771 respectively (Figure 19; Appendix 4). From 1982
to 1985 there was at least one other pod that associated more
with pods A2 and A36 than pod Al2 (Figures 19-22). In 1982 and
1984 pod Al2 was sighted solo (Figures 19 and 21). In 198s,

however, pod Al2 increased 1ts assccilation with pods A2 and A36
to values greater than in 1982 (808 and 776 respectively,
Appendix 4; Figure 23).

Throughout the study period several other subgroups
assoclated closely with A-pods within the study area. In 1981
the entire C-pod was sighted once, by itself (Figure 18).
Begining in 1982, the CS5 subgroup (C5, a postreproductive cow,
adult male C2, and adult female Cl1l0) asscciated closely with pods
A2 and A36, with a maximum index of 716 in 1984 (Figures 19-21;

Appendix 4). In 1985, one female in both C~pods had a newborn
calf, and the two pods were again closely assocliated, with an
index of 915 (Figure 22). Both pods also were closely assoclated

with A-pods. In 1986 pod C5 associated primarily with pods A4
and A2 (Figure 23}, and lts associaticn with pod C6 decreased to
480 (Appendix 4).

Pod D3 also had a similar sequence of associational changes.
From 1980 to 1582 the D3 and 07 subgroups were always sighted
together {index = 1000), and both were entirely absent in 1983

(Figures 17-20). In 1984 pod D3 associated most with ped A5, and
its index with pod D7 decreased to 272 (Figure 21). In 1985 pod
D3's index with pod D7 decreased further toc 200 (Appendix 4), and
it linked first with pod C5 (Figure 22). In 1986 both D-pods

ware once again highly associated with an index of 939 (Figure
23).
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Four other pods, H, G4, W, and T31 also visited the study
area for two to four years, and associated with A-pods, In l9s82
pod H was sighted often with pod aS (index = 500, Figure 19).
From 1983 to 1985 H-pod was not sighted as frequently (Figure
18}, and its highest association value with A-pods decreased to a
low of 222 in 1984 (Appendix 4). 1In 1986 H-pod increased its
assoclation with A-pods to a high of 600 (Figure 23). Pod Ga
followed a pattern similar to pods C5 and D3, associating often
with A-pods in 1982 and 1983, then resuming its association with
pod G2 in 1984 to 1986 (Figures 19-23). Pod W was first sighted
in 1982 (Figure 15), and linked first with pod €% and second with
pods A2, A4 and Ill (Figure 19). TIn 1984 pod W was sighted half
as often as in 1982 (Figure 15) but again associated most with
pod C5 (Figure 21). In 1983, 1985, and 1986 pod W was sighted
less frequently and associated most with pods I, &, and R
(Figures 20, 22, 23). The last pod, I31, began to be sighted
frequently in 1983 (Figure 15) and had A-pod association indices
ranging from 58 to 476 (Appendix 4).

In all the above instances of changes in associations among
subgroups and pods, each subgroup contained at least three orcas
(a2 cow, her offspring and/or cther possibly closely related
individuals). Similar changes in association occurred between
pods I31 and I1l5, but involved only one individual, I33. Prior
to 1985 pod I31 consisted of five individuals: a cow {I31), an
adult male, two juveniles, and one mature female (I33). From
1981 to 1983 pod I31 was sighted eight times and pod I15 ten
times but both groups were together only on three of those
occasions (Appendices 3 and 4). In 1984, pod I31 was sighted
seven times, but I33 was absent and was presumed dead. Pod I15
was not sighted. 1In 1985, pod I31 was sighted three times,
assoclated each time with pod I15, and I33 was again present.
Pod 115 was sighted an additional two times without pod I31 or
I133. Both I31 and I33 had new calves at their sides, so their
reunion is similar to that of pods C5 and C6. In 1988 pod I31
was sighted 17 times,but133andrun:calfweresiqht@denly
during the five occasions when pod Il5 also was present plus one
time when pod I15 but not pod I3l was sighted (Appendix 3).

Pod Soleo Indices

Throughout the study period only 9 of the 20 northern
resident pods were sighted solo: a2, A2, A36, A4, A5, B, D5, D9
and I31 (Figure 24; Appendices 3 and 4). The number of sightings
of solo pods varied annual ly from 1 to 21 (Figure 12, frequency
of one pod sighted). The A-pods comprised 63.8% of all solo pod
sightings (N=80), and pod B comprised 31.3%. In 1980, pod AS
accounted for 85.7% of all solo sightings (N=21), which was three
times the number of annual solo sightings for any other pod. Pod
AS therefore had the greatest annual solo index (418) of any
other A-pod (Figures 16-23; Appendix 4) and a greater
accumulative solo index (97, Figure 24). Since the presence of
pod A5 was relatively consistent throughout the study period
(Figure 15: average = 56.6%, s.d. = 7.3), the magnitude of its



1980 solo index was due primarily to the absence of other pods,
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Pod B was the only pod other than the A-pods to be sighted
every year (Table 5). However, it had one of the lowest overall
indices of association with the A-pods (Figure 24), primarily
because it was sighted solo 31.3% of the time. Pod B had the
greatest annual solo index (750, Figure 20), and its average solo
index was 2.3 times greater than the averadge solo index of the
eight other pods sighted alone (Figure 24). For three years pod
B was the only pod with a solo index greater than its first
linkage with another pod (Figures 17, 20, 21). The compesition
of pod B was also unusual: only one of nine members present
during the study pericd was female, and five of eight males were
mature.

Pod Associationsg For All Years Combined

Despite annual changes in associations among pods and their
component subgroups, the overall pattern of associations was
generally consistent. When pod association data for ail eight
years were combined, one large cluster was evident plus several
smaller clusters loosely grouped into a second large cluster
(Figure 24). The first cluster included all A-pads plus pods C
and D, with a lowest linkage of 434. Among the remaining pods
close associations occurred among pods I1 and I2 (857;, pods IX1,
I15, and I31 (864 and 400), and pods G2 and G4 (388). Linkages
between these pods and peds B, H, R, and W (occurring within the
range of 312 to 217) were close or equal and included linkages to
the first cluster. Conseguently it was difficult to discern
which larger cluster pods B, H, R, and W associated with most.

By referring tc the indices directly (Appendix 4), these
associations were somewhat resolved. Pod B, when not by itself,
associated primarily with pods A and H. Pod H associated almost
equally with pods A, B, and C as it did with pod I15 with which
it is linked in the dendrogran (Figure 24). Pod W associated
mostly with the I-pods. The last and third least frequently
sighted ped, R, assocciated most with pods W and G2. Two large
groups of pods were therefore possible: 1) the A group,
consisting of pods A, B, C, D, and H, and 2) the I group, with
pods I, G, W, and R.

Transient Pods

Transient pods were sighted 15 times during the entire study
period (Table 5, Appendix 3), comprising only 0.66 % of all pod
sightings. The transients traveled through the study area and
did not stay for more than 12 hours. Resident pods were within
0.5 n.mi. of transient pods on five occasions, but interactions
were observed only once.

On two of the five occasions (July 7, 1981 and August 30,
1981), the transient whales were in a close group swimming along
a shoreline into a flooding current, and the resident whales were
dispersed across the center portion of the channel and swimming
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with the current. On July 18, 1982 a male transient (0S5,
traveling with 04) was observed pursuing and possibly capturing
a Dall's porpoise while resident orcas were foraging for salmon
in the vicinity. After the attack the transients left the study
area, traveling in an opposite direction to the residents. On
September 11, 1984 nine transient whales entered a strong (2~4
knots) flooding tidal rip on one side of a 1 n.mi. passage and
swam in place against the current as a close group of 15 resident
whales passed through on the opposite side with the current. In
all the above accounts, the resident and transient pods passed
one another swimming in opposite directions without apparent
interaction.

During the fifth encounter, changes in behavior were
observed in both resident and transient pods. On August 30, 19886
the three members (a cow, bull, and juvenile) of the transient
pod M were slowly traveling east along the West Cracroft Island
shoreline. Eight resident pods (A2, A36, Al2, A5, C6, D3, D7,
and I31) were scattered across the Johnstone Strait foraging to
the west. Pod D7 was foraging along the shoreline toward the
approaching pod M but a headland obscured one from the other.
When pod D7 passed the headland the two pods were within a
quarter nautical mile of one another, and pod M reversed
direction and swam west for about a quarter nautical mile. Pod M
then reversed direction again, angling offshore for about 100
meters, and continued swimming slowly east.

Within 30 minutes all resident pods in the Strait had
reversed direction and were foraging eastwardly. It was unknown
if the reversal was in response to pod M or a common foraging
reversal (Jacobsen 1986). During the next hour there were about
four resident pods or subgroups either behind, ahead or offshore
of pod M at distances of 100 m or more. At one point, pod Als
swam over to the shoreline and then oriented back towards pod M.
Underwater sound recordings made near pod M contained echo~
location pulses scanning the area, presumably from pod A36. Only
resident pod vocalizations (Ford 1984, 1987) were heard
throughout two recording sessions. Pod M swam southeast into the
middle of the Strait and was last seen traveling slowly east,
about 2-3 nautical miles ahead of the nearest resident pod.
Throughout the entire incident all pod members remained close
together, and no sudden movements were detected. The transients,
after their first reversals in direction, maintained a consistent
travel speed (about 2-3 knots) and eastward direction.
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DISCUSSICH

Summary of Associations Among Individuals

The results of this study confirm that the maternal subgroup
is the basic unit of orca social structure. Associations among
individuals of all ages and sex classes within maternal subgroups
were stronger than all other associations during all behaviors
over a period of at least seven vears. All individuals within
maternal subgroups most likely were related along matrilines.
There seemed to be no dispersal by males from the maternal group
and only gradual and limited dispersal by females as they matured
and had coffspring. All of these findings were in complete
agreement with the conclusions made by Bigg (1982, 1987).

Many terrestrial mammals have matrilineal social systems
similar to orca: elephants (Douglas-Hamilton and Douglas-Hamilton
1975, Dublin 1983); hyenas (Kruuk 1972); baboons (Kummer 1968);
rhesus monkeys (Sade 1965); Japanese monkey (Itani 1959); wolves
(Mech 1970); and lions (Schaller 1972). However, in all
terrestrial mammals studied, dispersal by males and/or females
from their maternal kin group occurs at sexual maturity
(Greenwood 1980, Pusey and Packer 1986). A partial exception may
be the pygmy chimpanzee (Pan paniscus) where males remained with
their mothers until adulthood (Nishida and Hiraiwa-Hasegawa
1987) .

Lineage Relationships Among A-Pod Individuals

It was likely that all individuals within a subgroup were
closely related to the cow of the maternal subgroup. Juveniles
and subadults were most likely to be the cow's direct offspring.
Thus A38 would have been the offspring of A30, A33 the offspring
of Al2, A26 the offspring of A9, A25 the offspring of Al4, and
A27 the offspring of A23 (Table 3). Two whales passed from
supadult to adult during the study period: A6, the probable
offspring of A30, and A32, the probable offspring of A36. All
but one (A25) of the above seven individuals were male,
indicating that males stayed with their maternal subgroups at
least into early adulthood. O©Of the four males that were adults
throughout the study period, two had high mean linkages with a
maternal subgroup: A5 at 606 and A3l at 713. Thus it was
possible that A5 was the son of A9 and A31 the son of Al2.

The maternal relationships of the two remaining adult males,
A4 and A20, and the adult female A2, were less certain. They
were likely to be as old as or older than the cow(s) within their
subgroup, so were unlikely to be the offspring of these cows or
any other cows still living. The two next most probable lineage
relationships were parental and sibling.
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The subgroup linkages for A4, A20 and AZ were among the
1owest, which may have indicated a weaker pond with thelr
subgroup. In Figure $ the range of adult subgroup linkages
descended to overlap the mean of linkages between subgroups. All
of the nine adult indices that fell below the standard deviaticon
(less than 387) belonged to these three individuals (A2, n=3;

a4, n=2; and A20, n=4). However, for six of these instances the
orcas' solo indices were greater than thelr subgroup linkage
(twice for A2 and all four times for A20). This indicated that

rhese adults were mnot leaving their subgroup in preference for
some other but were simply more often sollitary than associated
Wwith thelr subgroup.

The above lines of evidence strongly suggest that males
remain with their maternal subgroup throughout their lives. When
their mothers die they may either remain with their siblings,
emigrate, or travel alone. Since the last two options have not
been observed so far, the first seems TO be predominate.

TFf A20 was an example of an adult male whoe remained with his
maternal subgroup after his mother died, then A36 may have been
nis sister. Although A4's index of association with his pod
averaged 460, he was often solitary and it was less clear which
adult cow he was most closely assoclated with, A10 or All. A
sibling relationship with one of these females alsc may have been
possible, assuming that nis mother was deceased. Support for
these arguments could be found by observing the asscciation
patterns of known brother-sister palrs as they mature, as the
sister starts producing her own calwves, and when their mother
dies.

The remalining adult, AZ, a postreproductive female, was
oftren solo but maintained an assoclation with the A30 maternal
subgroup. If the associational argument presented for adult
males A20 and A4 was used for A2 then A30 could be her sister.
If this was true, then A2 was elther nonreproductrive or all her
calves must have perished before Bigg's study began. A more
likely relationship would have been parental - A2 was the mother
of A30. Because female longevity may be 50 years and perhaps as
long as 80 years (Bigg et al. 1987}, grandmothers would be
expected within pods. Another example of this grandmother-
mother—-calf relationship was Al4, A25 and A51l, whose future
pattern of associations may provide an insight into that of AZ
and A30,

The use of association patterns in speculations on lineage
relationships among A-pod individuals becomes tenuous when
considering cows. It may have been possible that females who
maintained consistent associations throughout the study period
were more closely related than those who did not maintain close
associations. Examples of sister relationships may have been ALd
and A23, and A8 and A9. The A-pod lineage relationships outlined
above are identical to those arrived at by Bigg et al. (1987) in
their analysis of photographic records collected since 1973.



Allomaternal Associations

Allomaternal associations were observed anmondg calves or
yvoung juveniles and females from the same or from other maternal
subgroups. It was likely that as females apprcached or attained
reproductive age, their assoclations with young calves increased
their learning of parental skills (Jolly 198%5, Fagan 1981,
Lancaster 1971). ©One might, therefcre, expect an increase in
their allcmaternal associations. This trend was observed in my
study for three subadult females within the A-pods (A25, A34, and
A28}). Walite (1988), in a detailed study of allcmaternal care
among the A-pods, also observed associations between females and
young orcas of both kxin and non-kin groups. Allomaternal care
was observed for females in the southern community of orcas
(Haenel 1986, and Heimlich-Beoran 1986c and 19588).

Allomaternal care by a postreproductive female was observed
in this study between A2 and her probable grandaughter A50, and
perhaps with A43, an unrelated calf, Active mammary glands have
been found in postreproductive female short-finned pilot whales
(Globicerhala macrorhynchus, Kasuya and Marsh 1984). It was
possible that these pllot whale females provided milk to other
mothers’ calves. Although it 1s unknown 1f postreproductive orca
females have active mammary glands, allomaternal milk
provisioning may alsc occur among killer whales.

Allomaternal associations between males and calves or young
juveniles were not as evident in this study as allomaternal
agsocliations involving females. Waite (1988), however, observed
allomaternal associations by males, but only within maternal
subgroups. Long term associations among mature males and
juvenile or subadult males were observed within subgroups in this
study, especially during foraging.

Assoclations Among Males

Associations between males of all ages from different
subgroups occurred and involved many play behaviors. Play can be
regarded as a context where behaviors that will be important in
adult life were practiced in a non-serious manner by young

animals (Fagen 1981). Dominance hierarchies can be established
at a young age during mock-fighting playbouts that may persist
into adulthood (Kitchen, personal communication). The

reciprocal beak-genital orientations observed among male orcas
throughout their lives seemed to be an important stereotyped
behavier that varied according te context. When practiced
between juvenile males it seemed predominantly playful. When
subadult and juvenile males exchanged beak-genital orientations
the interaction may have been playful, as between Al8 and A27.
The same behavior also may have been used as a way of reinforcing
dominance, as between A3l and A27, especially when not
reciprocal. These events may also have indicated an assertion of
dominance of A33 over A38, as it appeared that A33 displaced A38
from A27.
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A similar behavior, beak-genital propulsion, was observed by
Bateson (1974) among captive spotted dolphins (Stenella
attenuata) and spinner dolphins (Stenella longirostris). The
peak-genital orientations observed among orca differed physically
from beak-genital propulsion in two ways. First, the orienting
animal did not seem to insert its beak intc the others urogenital
slit, which may have been due the bilunter shape of the beak
compared to elongated and narrower beak of Stenella species.
Secondly, the orienting orca 4id not seem to propel the other
orca, as the other orca moved its flukes rather than remaining
passive.

pue primarily to the difficulties of making continuous
visual observations of wild orcas, any discussion of dominance
hierarchies among males is highly speculative. However, three
arguments supporting a dominance hierarchy can be made for male
orcas. First, among captive bottlenosed dolphins, the dominant
male was the actor in homosexual interactions which included
penile displays and intromissions (Caldwell and Caldwell 1977;
Ostman in press). The beak-genital propulsion observed by
Bateson (1974) also was related te dominance, the animals of
lower rank propelling those of higher rank. Beak-genital
orientations among oQrcas were reciprocal and one way, SO this
behavior may have served to maintain dominance relationships as
among the Stenella. Secondly, after vigorous play bouts among
male orcas, new cuts and scratches were often seen on their
podies. These injuries ranged from more common superficial tooth
rakes, to occasional cuts that exposed the white blubber layer
beneath the skin, or tears in the posterior edge of the dorsal
fin. In general, males rended to have more scratch marks and
scars on their bodies than females.

Thirdly, male orcas are sexually dimorphic in size. In
terrestrial mammals, sexual dimorphism was positively correlated
to high levels of male-male aggression (Popp 1983; Alexander
et.al. 1979). Although these arguments suggest that male orcas
establish dominance hierarchies verification awaits a direct
measure of reproductive success and continucus cobservation of
dominance behavior.

Intersexual Associations

Of the 14 intersexual associations cbserved that involved
urogenital orientations or an erect penis, only the one between
A20 and A28 recurred often enough to significantly affect the
formation of clusters in the dendrograms. AZ20 was probably the
oldest male within the A-pods (Bigg et al. 1987). Assuming that
dominance hierarchies existed among male orcas, it is possible
that A20 was the alphamale, at least among other A-pod males,
and that he excluded other males from associating with A28.
A20's association with A28 therefore might have been similar to
tending bonds observed among migratory ungulates (bison, Lott
1971; caribou, Espmark 1964, Lent 1965).



Short term intersexual associations often resulted when
several pods met and mature males followed behind females from
other pods. A possible explanation for this following behavicr
may be that the males were assaying the female's raproductive
readiness by tasting the water for phercmonal or other
chenosensory cues present in the female's excretions (Walker ef
al. 1988). Norris and Dohl (1880} were led to ildentical
speculations during their observations of wild spinner delphins
(Stenella longirostris). Herman and Tavolga (1980) and Donaldson
{1977) gave additicnal evidence for gustatcry sensitivity from
behavioral observaticns. A few controlled experiments on captive
delphins have shown their abillty to distingulsh between a wide
variety of tastes, with threshold levels comparable to humans for
sour, bitter, salty, and sweet (Nachtigall 1986). It seens
probable that male orcas could detect an estrous female, an
assumption that could be tested with captive and wild orcas.

The intersexual associations observed in this study seemed
to have bpeen behavioral responses used by males to increase their
chances of locating and mating with an estrous female. When many
pods foraged in the same area throughout the season the long tearm
tending bond-1like behavior {(such as that observed between A20 and

A28} was possible. During the brief encounters with visiting
pods the following behavior seemed tTo have been a way for males
te gquickly locate estrous females. Due to the mobility and wide

distributicn of pods, mating opportunities for a male were likely
to have been unpredictable. In addition, becausea the minimum
calving interval 1is about 3 vears (2igg 1982), only a small
proportion of the female population is likely to be receptive at
any one time. Therefors, cecmpetition 1s preobably high among
males for any estrous females present. Females may select mates
according to their sexually dimorphic traits, physical and/or
vocal {(Dahlheim and Awbry 1882).

The above attributes suggest a multi-male mating system
among orcas. Ameong long lived terrestrial mammals high degrees
of sexual dimorphism and male dominance hierarchies have been
correlated te polygynous mating systems (Ralls 1977, Crook 1972,
Alexander et al. 1979). Harcourt et al. (1981) compared testis
and body sizes of 33 primate species and found that primates with
testes larger than that predictable bv body size tended to have
multi-male breeding systems. Kenagy and Trombulak (1986) found
the same relaticonship among 133 mammalian species. They included
five odontocete species, excluding orca, and predicted multi-male
breeding systems for all of them. Landino (1985, personal
communication) conducted a more complete survey of cdontocetes,
and predicted a multi-male breeding system for orca. Due to the
difficulties of observing mating behavior, the exact nature of
the orca's mating system may never be known with certainty.

Pod Sightings and Associatiens

Throughout the study the orcas predominantly remained
assccliated with thelr maternal subgrocups. However, the sequence
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of associations of female I33 seemed to be an exception tec the
general rule of subgroup fidelity.

The behavior of I33 can be interpreted from two
perspectives. When viewed as an individual she accounted for 18
of 24 instances when a pod was sighted and members were missing
(Appendix 3). The sequence of her sightings suggests that she
l1ikely was associated with I15 pod during her absence from I31
pod. If this was true then 133 was a unigue example of an
emigration from one pod to another. She may have been solitary,
or with pods other than Il15.

If I33 is viewed as a very young maternal subgroup - &
pregnant female who gave birth and traveled with her calf - then
her behavior was similar to other subgroups that split off from
their pods during the course of this study. Since the degrees of
relatedness among I33, I31, and the cows of I15 pod are unknown,
the causes of their observed associations are uncertain. 1In
time, such unusual patterns of association may provide insight
into the details of pod organization, especially the social
interactions among females.

Throughout the study period the five A-pods were the most
freguently sighted pods. in the Johnstone Strait. This suggests
that, at least during seasonal salmon migrations, home ranges
were maintained within the northern community, and that Johnstone
strait was a core area within the home range (Jewell 1966, Adams
and Davis 1967) of the A-pods.

The existence of two large groups of pods, the A group and
the I group, is evident from pod association indices calculated
for all eight years of the study period combined. The
combination of pods into these two large groups suggests that
there were at least two home ranges established seasonally within
the northern community. The A group inhabited a home range that
included the Johnstone Strait as a core area where they were
sighted most frequently. Since all cbservations have been from
the Johnstone Strait, it is impossible to determine how many home
ranges were represented in the 1 group and if they were inhabited
as consistently. Given the mobile nature of the prey source and
the appearance of I group pods in the study area, the boundaries
of the ranges were probably not exact and may have changed
seasonally according to salmon abundance. There has been no
evidence from surface observations of any territoriality or
agonistic interactions among pods in the northern and southern
communities (Jacobsen 1986, Beimlich-Boran 1986c, 1988).

Since pods seemed to be primarily composed of one or more
maternal kin groups that gradually dispersed from one another,
it is possible that pods that maintained a high degree 0of assoc-
jation were more closely related than those pods that seldom
associated. The A group may therefore represent one large
lineage and the I group another. This large scale lineage
argument based on associations among pods is likely to be
tenuous. Due to the great longevity of this species little is
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known about the long term associations among related family
groups.

More rellable insight into the lineage relationships among
family groups may be available from the whales'! acoustic
behavior. In his analysis of stereotyped vocalizations of all
northern community pods, Ford (1984, 1987) discovered three
distinct dialect groups he called clans. Ford speculated that
each clan may represent a separate lineage of whales descended
from some pod that immigrated into the area many generations ago.
Ford also used Dice's index to calculate acoustic relationships
among pods, so our data can easily be compared (Figure 25). To
facilitate comparison, the component subgroups of each larger pod
category (Al, A5, C, D, G, I1, I1ll) have been combined, taking
the average linkage in the case of the C5 and C6 pods.
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Any comparisons made between the two sets of data in Figure
25 must be treated with caution. - The association data was from a
limited portion of the range of the northern community.
Associations among even the most frequently sighted pods outside
of the study area were largely unknown. The causative factors
underlying the evolution and maintenance of dialects are not
likely to be identical to those that brought pods together at the
same time in Johnstone Strait during the salmon migration.

The comparison does show that the acoustic similarity
analysis clustered pods in a more definitive manner than the
association data did and is likely a better indicator of lineage.
The comparison also shows that pods of different clans associated
with one another, an observation alsoc made by Ford {(1984) in his
analysis of pod sighting data from 1973 to 1983. Pods with the
highest acoustic similarity tended to be closely associated (Al,
A4 and AS: € and D; H and I1l; and I11l and I31), but not without
execption (B and Il; and R and W). If continuous association
data were available for all pods perhaps this tendency would be
stronger.

CONCLUSION

The orca is a long lived species living in a complex and
multi-level society that appears to be unigque among all mammals.
Consequently, several more generations will have to be cbserved
to fully understand the long term significance of assoclations
described in this study. Additionally, many time based and/or
focal animal studies are needed to describe in detall many of the
social behaviors presented here. In particular the role of
stereotyped behaviors, such as beak-genital orientations, in the
maintenence of probable dominance hierarchies among males needs
clarification. Such a study was initiated by Rose (personal
communication) in the Johnstone Strait in 1987. A more detailed
study of associations and behaviors among mature males and
females would likely reveal more about courtship and mating
behaviocr. The orca seems to be unique among cetaceans in that
long term studies can be conducted on all individuals within the
population, and hence offers an unusual opportunity to gain
insight into mammalian evolution.
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APPENDIX 1

annual Indices of Association for A-Pcd Individuals During
211 Active Behaviors

The association indices calculated for each year were
arranged into triangular matricies with solo indices placed along
the diagonal. The IDs of all individuals within the five A-pods
were arranged along both axes of each matrix as subgroups, in the
same order as in Table 3. A matching triangular matrix was
formed by placing pair totals (Nii) below the diagonal, and
individual totals (Ni or Nj) along the bottom line. For example,
in the 1980 matrix (Table 6} the index of asscciatlion for pod A4
individuals Al1C and Al3 is 545. This was calculated from a pair
total (Nij) of &, and individual totals (Ni and Nj) cf 11 for AlO

and 11 for Al3: 1000(2x6 / 11+11)=545. The solo index for Al0 is
181.

Table 6. 1980 assoclaticn indices among A-pod individuals
(above diagonal), solo indices (underlined, along
diagonal), pair totals (below diagonal), and individual
totals (along bottom).

Pod A4 Poa A%
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APPENDIX 2

Annual Indices of Association and Single-~Linkage Cluster-
Analysis Dendrograms for A-Pod Individuals During Foraging

(Note: see Appendix 1, page 93, for description of matrix
format.)

Table 13. 1980 association indices among A-pod individuals
during foraging (above diagonal), solo indices {underlined,
along diagonal), pair totals (below diagonal), and indiv~
jdual totals (along bottom) (pods A2, AlZ, and A3&6 were
omitted due to only one sighting).

Pag Ad Pod A5
Tyl Aab| ALd] AZA] AI01 A4 | AS | A26| AS | A8 | A42| Az8| Al4] AlZ) A251 AZ}| A2%| AZT

a1 |__ 0l 200]1000]1000| 400| 333] ol ol oi of O or el @ ol o of afau
A3S z\___0} 800f soo s08| 4ol ol o of ol ol of 133 133} 1a2] 0} 6] 0Of A3
AL3 3] 2[___21}000; 00| 333 [+ H ol +4} o 23] [+3] 01 o1 [H]] o} of |, Of Al
AZE 3} 21 3'—.-.2-' s004 333 | [+ ot 3l [+ 3] of ¢l 3} o} 3] o1 ol AZ4
Ale 1 it 3l 1j_segl 4eoi of o1 of ot ei ol 9 5] ot o] Of Al
Ad FE S S A 11 686] ©f o ¢ of ©f ol of o] of 0 of ©fpAs
59 of of of of o o|_0ioss| sy o of of @ 0] ol ©f of Oof#s
426 of of o of of of 14__gl eoj of of e o & of o o} ofaz
a8 ot oi ©of ® 3 o o siz:gl ol et o ol op o o} of ofas
A ol o] of © e & 8 0 ©}__0]1000{1000| 16| 166] 1731 o} o} of ae
AAZ o] of of [+2] [+ 31 o] ]} 3} [+ 11;__2]1900| 166} 36681 173] ¢ ol 0F Aa2
AZE o4 o of @8 o ©of 0f of of 11 1ij_,0f 186l 166] 1731 ©F ©f 0} A28
At of i1 af o 9o o e o o 21 2 2|__Djlo0| 960 0] 9| O} Als
A15 of 11 e ©f o e of o o 2t 2 2 13|__9f seey of ot olas
AL | o4 1l -1 o0} 01 e [+]} ¢l 7] 24 2l 2 124 12%___3] E+1| al 0] A25
A23 of af o o o o o ef o o @ oi ot 0ol ci___oi 23] 923} Az3
Azs of oy al ®ef o o o of ¢ e o of 9l o] of 61,.0t1000] azs
AZ? of eof of of o+ ot o 8 of o o oi ¢l ¢l ot &1 1 0iaz
TOTAL 31 21 3 3! 2| 31 15 14} 18] 11} 11} 11t 13§ 131 12 61 71 7
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APPENDIX 3:

Table 20. Correlation of northern resident pod names used

in this paper wit
Bigg et al.
(which equal my

organize

h pod names used by Bigg et al. (1987).
d individual orcas first into subpods

subgroups), then grouped subpods into pods.

Jacobsen Bigg et al. (1987)

Pod ID Pod ID Subpod{s) within pod
A2 Al A2

AliZ Al AlZ

A36 Al Al

A4 Ad All, Az4

AS A5 A8, Al4

A9 (1986) AS A5

Al4 (1986) AS Al4

B Bl Bl

cS Ccl c5

Cé Cl C4

D3 D1 D3

07 Dl D7

G4 Gl G4

G2 G1l2 G3, G17, G18, G1l2
H H1 H1

I1 Il I1

I2 I2 I2

Il1l I1il Iil

I15 I11, Iis 115, I17, I18
I3l I31 I31, I33

R Rl R2, RS, RO

W Wl Wl
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Daily pod sighting data,

ad
a

IDs

Pod sight

19791986,
Transient pod {("T™)

"oM: day omitted from analysis
In 1986 the AS pod was divided into

see notes.

M

in notes column.

and
A% and Al4 pods.

Table 21.

"1i"; pod not sighted
line cof X's;
listed

I 10X

AAAAABCCDDGGH:

Poda:

5 6 37 42

4 5

4

Notes

3

5

2

MO DA

IR

7907 01L00C0Q0CQ0Q0C00C0000C0CQCGCOCCOOCO

i00000C0QCO0OQC00Q0C0O0C0OQ0O
79907 0300000000002 00000CCO0OO0O0C0CQC

79 07 02 1 1

79 07 04 X X X X X X X XXX XXXXXXXXXXX

79 07 05 X X X X X X X X X X X X X X XXX XX XX

7907 06 11 101000000000 00C00O0CO0CO0

79 07 07 X X

X X

L XXX XXX XXX XXXHXXXXX

790708 111010000000 00C0CC0OO0CO0QC0COQO0

790709 000 0C0C0O0000C00Q000C0C0C00000

7907 101 1101C0000000C0020CC0O0C

79 07 11 11 1C000000C0Q0Q00CO0CO0OCQCQ0OO0O0OC0CGC

79 07 12 1110100000000 0Q0Q0000O0O0CG0

79 07 1311 1 CG0C0O00CO0OQ0QQCOCO0O00CO0O0O0CO0OD0

000C00Q0QC0OO0OQ000QOO0OO0OQ

1

7907 151 11110000G60000006000000
7907 16 OO0 0000 0C0O0O0CO0O00QO0OQ0ODOO

1 Q

1
-

79 07 14 1

0717 0000000006000 00C000000O0

79 07 180 0000 0C0O0COCC0O0CQ0OCO000CO0OO0

79067 1900 Q0000000 0CGCOQOCOQOC0O0CQO0

7907 200C000Q0Q0QCCO00Q0QCQO0O0CO00QO0CCOQCO0QO

7207206 00000000000000CCQQO0C0

7907 22 111010000000 00000000020

79 07 231 111:1000600000000000¢0020

7907 24 L1 1000000000 00C000000C0

79 07 25 000000Q00C0C00C0QQ0O00CO00QCQOCO0ODC0COQ

79 07 26 1 1 10100000000 C0C00O0CC

7907 2700000080000 000C0000C0O0C

79 07 28 00000QC00QQ0C0QC0C0CO000CCO0O0OO0

790729 11101000C000000000000

79 07 301 11010000000 0000000C00

7967 3300000000000 00000000C00

790801 CQ0000C0CO0O00CO0CO0CO000DCOO

73 08 02 1 110000000C0CQ000O0COQOCOODO

79 08 03 11 111000C0000C00CCCO00O00Q

79 68 04 111110006000 0C00000¢00

79 0805 1110100000000 000000C0O

790806 000000000000 0CO00C00O0CO0CD0

7908071 :31110000000C00C00000CC0
79 08 08 111010 00C00C00CO0CO0QQO0O0C0
79 08 09 1 1101100000000 0C000000

7908 161 1131100C0C00QCQ0CQCQC0O0DO0OCOQQO0COQ
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Daily ped sighting records.

Table 2% (continued):

Appendix 3,

AAAMAAMBCCDDGGHTITIIIIRWT

21345

Pods:

12113

56 3742

Notes

5

2 6

YR MC DA

i111000C00O0C00000CC0CO0O0
79 08 12 11311110000 000C00000D0CO0D0
7908 13 0000000000CC0O0C0O000CO0OO0OO00D

79 €8 11 1

7908 14 1 1 1 11310000C00CGQ0C0O0CO0O0CO0CO
7208 15111021 100000C000C000C0QCCGOO
7908 16 00 C 11 0C0000C0000C0CGCO0O0CO0D0

08 1711112000000 C00C000CGCGO0OO0
79 08 181 1 11100000C0C0000QO0QCD0D0CO0OQ

79 08 191 1111006000000 11000000

7908 2000008 00000C00C00C0O000CCO0O0

7908 21 111111000000 00C0C00C0CO0CO
80 07 12 000C 11000000 0C0C00C0CCO0D0

80 ¢7 1300000 S500000C0C0COQ00COQO0

8007 1400005 00C00000C000Q00O0O0C0OO0OQ

8007 15300 0000C0000000C0000D0O00

BOO7 16 0000 0sSCO000000C0000QQ00O00C0

BO 07 17 X X X X X X X XX XX XXXL{XXXX XX

80 Q07 18 0 00 C 1000120000800 0C00C00

8007190 000G1000110C000000C0O0

BO 07 20 X X X X X X X XX XX XXXXXXXxxxX

8007 2000010001 100000000000

80 07 22 CCO0OC100012000C00CG0OO0CCQO0OGC

86 07 23 0001100000000 0C00Q0O0CCOO0

BOO7 24CC00s500000000CO0O0CO0QOBU0OO0OO0C

BOO7 250000100011 00Q0CO0O0QO0QCO0CCDOOQ

B0 07 2600000200000 QQ0CCO0O000DO0OO0OCO

8007 2700000000000 0C0O0C00OO0ODO0QCO0COO

BOO7 28000000 0000000C0QCQO0O0CQ0OQO0C

B0 07 29 000000000000 0CCOO0O0CO0OO0CO00O

80 07 30 X X X X X X X X XL X XX XX XXXX XXX

80 07 31 000080000000 00CO0O00Q0CO0OD0O00D0

BOOBO1OOOOSCOOO0D0O0O00CD0CCO00QO0O0DO00D

80 08 02 X X X X X X X X X X X X XX XXXXXZXX

80 08 D3 X X X X X X X X X XX XX XXXXXXXZX

80 08 04 X X X X XXX X XX XXX XXXXXXXX

80 0B 050 00C0SQC00000CO00CQQO0C0CGO0O00C0Q

800806 0000850000000 00000C0D0CC0CO

80 080700005000 000C000C000QO0C0CO0O

BOOBOCBEOOCQCOSOCOOOO0O0CO0ODOCOCOO0OOC

B0 0803500011000 0C000C00Q0COC0OOO0OO0O

80 0810000 0SC0O00COLO0OOO00ODCO00CO0O0C

BC 08B 11000 110000000000000C0CO00
8008 1200011000000 00000000600

3000110000000 000000CCO0CO0CYO0
14 0000s5C00000000000D0O0CO0C0

80 08
80 08

500005000000 00000Q000CG0O00

8¢ 08
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: Daily pod sighting records.

pendix 3, Table 231 {continued)

Ap

I
12113

T
N

Pocda: AAAAABCCDDG G H

S 637 42

5

Notes

1

28

MO DA

IR

80 08 16 X ¥ X X X X X X X X LAXXXXXXxax

80 08 17 X X X X X ¥ X X ¥ X X XX XXxx

L XXX
0 Goo

80 08 1800000000GC00QO0 O 0cocgo

G000
¢ 000

8008 19 000050000000 200600

BD OB 200 0C00S50C00D00O0GO0G oo

QOoOGCQoOo
0 G000

800821 000101001100 Cooo

BO 08 2200005000000 0 G o0oo0o0

0 0CGoO

o

BOCB2I0000sS00C00QCOGGQ Q00

B0 08 240000110011

000000 OO0OO0O

000000 QO0O0 O

8008 23BOCOOC1O00O0T1L 1

0000Q0QO0ODOCOOCG O
DooCo0O0OGCOO

80 08 25 00 00s5000OQD

BO 082700000000 O G

0000C0CO0O0QQOO0OCQ

80 08 280000300000

D00CO0O0CO0CO0OO0OOCCQ

80 08 23 0001100000

1000000000 OO
00000 OGCOO0OO0CO0 DO

BC 08 30 000110001

80 08 31 0000C00OQ0C

C00C0CO00DO0OOCDODODO

B0 09 01 0COQOCCO0OO0 QO

30C000COO0OCDOO0

80 0% 020000s 0000

0Co00CO0OCOQCO0COO0QOQO

8009 03 00000 COQOQOO D

C00000QO0CO00O00D

B0 O 04 0C0CO0O0QO0OO0OQ

LXXXXXXXXXX X
XXX XX XLTALXX XX

80 09 08 X X X X X X % X X

BCO 09 06 X X X X X X X X X

000000 CQCOO0OCQOO

80 0% 07000110000

000000GCO0O0QO0COOD

B0 03 08000110000

0CcC0QQ0QCO0OCO0OO0OOGCDO

B0 09 09 0000sS 00000

Q000000 O0OESQOO

80 0% 10000110000

G00C00C0OCO0O0OO0OOOD

8009 11 0001100C00

AXHAXXXTXXXXLXXX

B 0% 12 X X X X X X X X%

LXXXXXXXX XXX

BO 09 13 X X XXX XXXX

XXX XXXXXXLX XX
C000000QO0QODOCOO0OO

80 09 14 X X X X X X X X X

8003 15000110000

08 Q1000Cc000CO

80 02 16 0 000 10O0CQD

0000000 QOGCGOOQ

BOO9 170000080000

000000CO0O0O0COOD O

8¢ 09 18 0000000000

OC000000CDDO OO

8009 12 000000CG0Q0Q O

CoO0OCQQOoOOODOOOOOQ

8009 20000110000

000C0CO0QCODOOQODDODOO
Q00000 OCOCOOC 1

8003 22000110000

Q5

B0 09 22000000000

XXX XXX XXX XXX

80 09 23 X X X X X X X X X

Co0o0COo0QOCODODOODO

80 0% 24 00000000 O

Q00000 O0OCOOCDO

80 09 25 000 00O0OOQGC DO

00C0CO000COOCO O

80 09 26 000C0CQC00O0 Q0

L AXXXXXXXXXX

80 05 27 X X X X X X X X X

XXX XXX XXXXxX

80 09 28 X X X X X X X X X

XXX XXX XXX XX

80 09 29 X X X X X X X X X

CQ00C0O0DQOO0ODO

8009 30000110000
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‘Daily pod sighting records.

(continued):

Appendix 3, Table 21

AAMAAAABCCBDDGGHTIITI

Pode:

56 37 42 12113

21 3 45

Notes

5

&

2

YR MO DA

B0 100111 1010800000000 0C60C00CO00¢0

07 030000001 1000060060000CC0CC0C0
81 07 04 X X X X X X X X X X XX XX XXLXXXXX

-
P

81 07 05 X X X X ¥ X X X X X XX XXXXXXX XX

81 07 06 X X X X ¥ X X X X X X X XX XXX XXXX

81 07 07 ¥ X A X X X X XX XX XXXXXXX XXX

81 07 0B X X X X X X X X X X X X XXX XXX XXX

81 07 69 0000500 0C0O0000C0QQ0000CO0Q0C

C5

81 07 100000 11000600C000C0CCO0CO0O01

0 000C00C00O0C0CCO0O0O00CO0Q

81, 07 12 0000 S00CO00000CO0O00C00CO0O0P0

11101

11

81 07

81 07 13 000s8S00000CGC00C0C00CO0CGCOO0

81 07 14000085000 0C0C00C0000Q0O00

07 151 1101000600006 00000600C0QC0

81 07 16 000 0QS0QQ0000D0D0C0Q0C00C0C0

1

81 07 17 X X X X Z X X X 4 X X X X X X X XxXxXxxXX

81 07 180000 S 000C000C0C000C0O0D0C0CC0

81

C7 19 X X X X X ¥ X X X XXX XXXXXX XXX

B1 07 20 X X X X X X X X X X XXX XX XXX XXX

81 07 21 X X X X X X X X X X XXX XX XXXX XX

81 07 221 1111000000000 00000200

81 07 231 111100000000000000200

81 07 24 1

1110000011 0000000¢0¢C

1
-

81 07 25 ¥ X X X X X X X X X X XX XX XXX XXX

81 07 2600000000000 0000000C00¢C

Bl 07 27T X X X X X X X X X X X X X X ¥ X X X X X X

81 07 28 X X X X X X X X X X X X XX XX XXXXX

81 07 29

1111000000000 000000¢0

-
S

B1 07 301111100000000000000200¢0
81 07 231 X X X X X X X X XX X XX XXX XXXXX

81 0B 01 1131 110060000C0C000C00C0O0C0CGO
81 08021 11110006000000000020¢0
81 0803 1111100000000 0C0000CCC0COQ
81 08 04 X X X X X X X X X X XXX XXXXXXXX

81 0B 05 1111100000¢00C0000C00O0CQ
81 08 06 1 1 1110000000000 00000020
810807 1 131110000000 CQC0000CC0CCO

816808 111110080C¢6000000000002¢0

810809 1 11110060000000000000¢0

81 08 10 X X X X X X X A X XX X XX XXX XXXX

81 08 11

1111000Q000000000Q0C60000¢0

1
-

8108 121111000000000006000000¢0
8108 131111 3:00000C00C000Q0000¢C0CO0

Bl 08 14 1 1 1 1

81 08

Co00C000C00CO0CC0OOO0O0C

1511 1110000000006000000¢C

1
S

81 08 16 0000020000 00CGCO00CCO0C0CC0CD0
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Daily pod sighting reacords.

L {continued):

Table 22

Appendix 3,

T

AAAAABCCDDGGHTITIIIIRW

2 13 458

Pods:

12113

56 3742

Notes

6

2

MO DA

TR

111100000000000080C0C0¢C

1

81 08 17

10060000000 C¢C
1000110000000 0000

0 Q01

1
1

1
1

1

.
kS

81 08 18

b
e

1

81 €8 20 1

Qo11i10¢0C¢0

1
N

O
1000000600 C00

o}

1

1111001

111001
81 08 22 00000000000 0C0CG0O000QCOCO0Q

81 ¢8 21 1 11

81 08 23 X X X X X X X X X X X XXX XX XXXXX

31 0824 0000Q0D0C00CC00GCG0O000000CCOCC

B1 08 25 0 00D QC00OQ00CO0C0C0QCCO000QQO00CCC

81 08 26 CC 00035000000 CQC00C00C000CO

81 08 27 0C00C0S0LC0O00QC0CQQQ0O0CCO00Q0

81 08 2800 000G 100C0OC0OO0O 11

10C0Q0

5
i

81 08 291 1111310000000 1111000¢8

Q1+Q9

81 08 30 0000100000001 111100C01

81 08 311 13111000Q00000000000CCO0CGC

81 09 C1 00 0DC0O00CO0O0C0OQO0C0QCOQO0O000QCQOO0COCO

8109 02 11111000000C000Q0000CO0CCO0CEO

810903 11110C00000000C0000C0C0CD0

81 09 04 X X ¥ X X X X X X X X X X XXX XX XXX

Bl 09 05 X X X X X X X X

XL LXXXEXAXXXXKEX

81 09 ¢6111110060000000000000Q0¢C

81 09 07

XX XXX XXX

XXX XXX XXXX

¥ XX

81 09 080 C 0000 0C0O0CO00Q00C00CO000QO0CO0COCO

81 0% 09 1 11100000000 0C0C0C0CO0O0OCO0

0111110000000 0000C60000020

81 09 11 000000C0Q0000C0C000CC0O00Q0CO0

Bl 09

81 09 12 000 0C0000Q0QQC0C0000C00000O0CC0

81 09 131 110100000000000000GO0O0
81 09 14 00000000 C0C0O00C000CG0C00000

111100000000 0060006000

81 09 16 X X X X X X X X X X X X X X X XXX XXX

N
N

81 09 15

81 09 1711110000000 000000000¢0

81 09 180000000000 0C0C000000C0C0

81 09 19 X X X X XX X XX XXX XHE XXX XXXX

8109 2000000000000 0000CGC0C000Q0

81 09 210000000000 000000C00C0CC0¢C

8109 2211110000000000000C0C00QC0

8109 231 1110000600000C¢60000000¢0C

B1 09 240000000000 00C0C000O0CO00

81 0925 0000000000000 0COQO0O0QCQO0CO

81 09 26 X X X X X X X X X X X X X X X XXX XXX

81 09 27 X X X X X X X X X X X X X XXX XXXXX

81 09 28 X X X X X X X X X X XX XXX XXX XXX

81 09 29 X X X X ¥ A X X X X X X XX XX XXXXX

81 09 30 X X X X X X X X XXX XXX XXXXXXX

81 10011 111310C0C000000CG00C0CO00QO0
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Daily pod sighting records.

Appendix 3, Table 21 (continued):

AAAAABCCDDGGEHIIIIIRWT

21345

Poda:

12113

56 3742

Notes

5

2 6

TR MC DA

82 07 05 00 500000000000 0C0CO0O0O0C0CYD0

82 07 06 0 1 0011001110000000000

82 07 07 0 SO0 Q00000000000 OCGC0O0O0C0CDO

B2 07 0B C 0010000110000 0000C0C00

B2 07 09 X X X X X X X X ¥ X XXX XXXXXX XX

82 07 100 0000000000000 00000CGO0O0

82 0711 1110001000001 11000C00

82 07 12 00000000 CO00O0COO0OOO0O0C00OO0O0

82 07 131 1100011000000000¢C0000

82 07 14 1 01 C00C100000310000000CO0

g2 07 1500 00000CCGOCOD0OC0O0C0O0C0OCO0O00

82 07 16 1 0101000000011 1000C010

82 07 17 X X X X X X X X X XX XXX XXXXXXX

82 07 181 0101100000011 100600020

B2 07 19 101 0310C000000C0CO0C0D0O00

82 07 201 01010000010000000000

82 07 21 0000085 0000C00C0C00000CQO0O0CDQ0

82 07 22 1 0110100000000 0000¢00¢0

82 07 23 0000000000000 CQCQ0C0Q00CGOC0

82 07 24 11111120001 0000CG000010

82 07 2511111100001 0000000000
82 07 26 11 1111000010000111010

g2 07 27 1111110000 0C0000010C0C¢C0C

82 07 2800000000000 0000C0000CO0C

82 07 2900000800000 000C00Q0CCOO0

82 07 30 1 1111010800000 00060010

82 07 31 1111103100000100000010

B2 08 01 11 111100000000000000¢C
B2 0B C2 0100000000001 0C0000000¢0

82 08 03 111111000000 00006000C00

82 08 04 00 0L O0D0CS0QCO0D0000000C000CO0O00

82 0B 05 X X X X X X XX XXX XXX XXXXXXX

82 08 06 1 001 001CG0Q0C00C0000001C

B2 08 07 1 11110110011 10011011¢0

g2 08 08 1 0 1111000010600 00000C0030

82 08 09 131 1110000600C000C0CO0COQO0

82 08 101 11110060000000060000¢00

82 08 1111101000600 000000C$000¢0¢0

82 08 12 0000 0CQCO0000D00C00C0000C0OO0C0

82 0813 00000000C0Q000000000020

82 08 14 101110000000000000000¢0

82 0B 15 1111100000000 00C000CGC0C10Q0
82 08 16 0 D00 100C00C0010Q0CC0O0O0COCYO

B2 08 170000100000 00310C01100C1¢0

82 08 1810110010000 C0C00CCOQO0C1O0

82 08 19 101100100000 C0C0C0 00010
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‘Daily pod sighting records.

appendix 3, Table 21 {continued):

Pods: AAAAABCCDDGGHTIIIIIARWT

56 37 42 12113

2123245

Netes

5

2 5

MO DA

¥R

1011001000000 00000CG0C10
1000010000000 C0C00010
82 08 22 0 00 QQCO0O0C0O000000D000C0O0CO

82 08 20
82 08 21

b
-

82 0B 23 00D 0000Q0CG0COC0O0C00000D00Q

82 08 24 0 0 00000000 00C0CO00CCOO00

g2 08 25 11 113D000000000000G000
82 08 26 0 000 10000Q0CG0100C000000

82 08 27 1110100020001 090020Q0000

1100000001 C0G00000
1110000000106 00000¢0020

82 08 28 1 1 1
82 08 29 1

a
Py

1000000601 0000000¢0
82 08 3111 1110000000100¢6000000
82 09 01 1111100000101 00000000

1
EY

g2 08 3¢ 1 1 1

82 029 02 00O S0O00DO00O00D00000C0CO

82 09 03 1

111086100000008000020¢0

<
e

82 09 04 1 111310010000000000000

82 09 05 1 111100108 00000000C0C0C0

82 09 0600000000 C011100CG110010

82 09 07 0 0 GCO00Q000C000000O0C00O0Q

82 03 0B 0 0D OO0V ODOCDOQOOOO000CQC000C00

11110092000000Q00000¢CQ

82 09 10 0 0 0D0000QGOCCO0000C00CG000O0

1
-~

82 09 0S

42 09 1111 10100190000000000100

83 07 050G 0C0S00000D00C000C000

o5

83 07 06000000000 0C0000000001

83 0707 0005000000000 0000C00C00

83 070800010010000000000060200

83 0709 000S0S8S0000000080CQ00C00O0CG0

81 07 10 X X ¥ X X X X X X X X X XXX XX XXXX

83 07 11 X X X X X X X X X X X X X X X X XX XXX

8307 12 0101101000058 00000000¢0

83 07 1301 001006000000000000¢0C2Q

81 07 14 X X X X X X X X XL X X X X X X XX X XXX

83 07 15001110000000000000000

83 07 1601000100000 01000000¢0020

8307 17 0000080000QQ000CG0000C0000

83 07 1800 00Ss5000Q0000¢C000C0C00000

83 07 19 QQO00CSCGC0O0QO000000CCOCOCQ

83 07 2001 001851000000006000000

83 07 21 1 011000CG00000000GC00CGD00

83 07 22101010000600000008000¢C020

8307 23 1111101000000000060000
83 07 2411310100000 00060000C0000%9
83 07 25 1119011100000 000000C000Q0
83 07 26 ¥ X X X X X X X X X X X X X XXX XXXX

83 07 27 1111001000000 0C0000020



G4

Daily ped sighting records.

Appendix 3, Table 21 {continued):

Pode; AAARAAABCCDDGG HIIIIIRWT

5 6 3 7 42 12113

21345

Notes

5

2 6

YR MO DA

000100

83 07 281 1101030000 0000

oooo0oQcC
0C00000

41 07 29 10100000000 000

83 07 301 01100000¢C 000¢0C

Co00000CC
00000000

g1 07 31 0D 0S000000C0 ¢ 00
g3 0B £1 1 6110000000 00

00000000

83 08 02 101000000290 0 Q0

0110010

83 0B 03 10110000000 oCo

000000

83 08 04 0C 0000000000 CGcCoO
83 0B 05 1 0100000000 000

go0oQo000GG0

DooCo0ogcCQoo

83 0g 06 1 010000000 000

0000QCDO

43 0807 1 01000100¢C0 C 000

gpocoQ0Q
000C0CO

83 08 08 10100010000 0Ccoo

83 0B 0% 1 010001000CC00 c 11

000000
co0o0000

§3 08 10 1 0100010000 00C0¢QC

83 08 1110110010000 00GO

1010

]2 08 12 1 0110000001001 111
83 08 131 01000210001 0000

00
001000
ooo000CQ0
cC 00000

001

8108 14 10110000001 000

£7 08 151 0100000CO01 0 CO00

83 08 16 1 01000100010 0¢o0

0g00¢0
0 0G00

g3 08 17 1010310100010 o o0Qo0

83 08 18 00 0S000000C0C0 0000

¥ X XX

81 D8 19 X X X ¥ X X X X X XX XXX XXX

¥ XXX
0000
00000
D00CQ

83 08 20 X X X X X X X X X X X ¥ X X XXX

0

83 08 21 1010101000100 o000

830822 10111010001000 g0

83 08 23 101010000010060 0QC

000
0000
0o011¢0
¢ 0C0O0

83 0824 11 1110100010¢0 0oo0Q

G

83 08 25 1111101000100 go0aQ

83 08 26 1 11010100010 ¢ 000

83 08 27 1010100000000 000

00000
¥ X XXX

83 08 28 1119000000000 co0o0o

83 08 29 X X X X X X X X XXX XX XXX

00000
00000

g3 08 3011101010600600290 100¢0

8308 31 1111101000001 000

0000
¢ s 00C0

83 09 01 1111101060¢0C0 0100¢C

B3 03 02 00000000C00000 ¢ 0

XX
X XX

83 09 03 ¥ X X X X X X X X X XX ¥ XXX XX

81 09 04 X X X X X X XXX XXX XX XX

XX

00000

83 09 05 0000S$00000CG00 00020

XX XX

83 09 06 X X X X X X X X X X X XX XX XX

0000

8309 07 11111000000¢0C0 0000

83 0% 08 111 ¢C1

co0Q¢

000CO0O0COCQO0OQ00

00000002 0C00000CO

83 09 0911101

c0Q¢C

81 09 100001 10000000¢C0O o 00

o000

83 09 11 0000500000000 0 0Q¢C
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iy pod sighting records.

bai

Table 21 (continued):

Appendix 3,

ARAAABCCDRGGHIIIIIRMAWT

21345

K

Pods

12113

5§ 6 37 42

Notes

5

2 6

YR MO DA

83 0% 12 1 01000C0C00QC000O000CO0COCOOD0

83 09 13 X X X X X X X XX XX XXLXXAXLXXZXEX

83 09 14 01 00 1C00CO000C0Q0000Q0CCO0CO0OCD0

83 09 1501011000000 000C00010020

83 C9 161 01000C00000000000CC0QQC0CO0C

84 07 01 1 1100000C00C0000000COCO0D

84 07 02 1 010000000 CO0OO0CO000O00CGOOQ0

C7 03 000 C0CO0OS5S0000000C00C00COCO0CDOO
24 07 04 0001010000000 00C0C0COCQCO0ODQ

84

84 07 05 1 010001000000 00C00C0C0O0CDO0

84 07 05000000000 C0C0C0C00CQO0ODQCQO0OO0O0O0

84 07 07 0C000000Q0000C000C000C0O0O0

84 07 0B 0 1010000000000 00QO0COQO0OQ0

84 07 03 000 Q0000000000000 0O00CO000Q0

84 07 1005 0008000000000 0QCQQ0QC0C0COQ

84 07 11 0 s 00 0s500QC000C000QO0DOCOO0OQO

84 07 12 00 0011010000000 000000
B4 07 130000000 0Q0CG000CQ0O0Q00C0CCO0D00Q0

84 07 14 00 00 C 10002801212 0000006000

B4 07 1500 05s511001100000C000C000

84 07 16 01 0010001100000 000000

84 07 17 0500000000000 000O0CCCQCO0OCQ0

84 C7 18 0835000000000 0QOQOC0000O0CO0CO0C

84 07 1501 001'1001100000000C0CO00CO0C

07 2000000s800000C0C0C00QQQ0CO0CCOO0
84 07 21 1010002100000 000001000

84

I33 absent
Q4 sclo

84 07 22 0100100000000 0Q0C00CCOQO01

84 07 23 8000000000000 00C000CU0CO0O

84 07 24 101 0001000C00C0C00O0CCO0OO0QOCQ

010001000000 00000C000

84 07 261 110101000001 00000C000Q

4
ES

84 07 25

84 ¢7 27 1 11 00CGQ0C00000CCO0OC0OC0CCOC0CQ
84 07 281 01000C1000060100001000

I33 absent
I33 absent

84 07 291 010101C00060100001021210

84 07 30 T X X X X X X X XXX XXXXXXXXXX

84 07 31 111000100002 0000QCO0COT11IC

84 08 01 1 1101000000010 0000O0CO0C

84 08 0210101010000 00000600Q0 120

84 08 €3 1010101C0000000060D0010

84 08 04 1 1101000000000 00Q0QOC0QC0CC

84 08 ¢35 1110100061 00000000000C

84 08 06 11 101010000000 0CO0D0DO011C

84 08 07 1110101010001 000000C0C

B4 08 08 X X X X X X X X X X XXX XX XXX XXX

133 absent

B4 08 09 1110100010000 11001000¢

84 08 1011100000000 Q0QO0CCOCOQOOQBCOC
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Daily pod sighting records.

Appendix 3, Table 21 {continued):

Pods: AARAAABCCDDGGHIIIII RWT

5637 42 12113

21345

Notes

5

2 6

YR MO DA

8¢ 08 11 1 1 1010001000000 000000
84 08 12 0000000000000 QO0RD0 00000

I33 absent

84 08 13 1010C6000000008000290 1¢00
84 08 14 101 0000000000000 0 Q00O

g4 08 15 0 1 001010000006060CG0 coo0Q

84 08 16 X X X X X X X X X X X XXX XX ¥ XX XX

B4 08 17 101 0101010000000 0oo0go

8B4 08 181 01010101000006000 gQo¢
84 0B 19 1 010101010000000 00000

84 08 201 011101031000000C00 goo0oooQ

94 08 21 101 0101010000060200 000C¢C
84 08 22 1010101010000000 0000

84 08 23 1010101010Q0000¢C00 0000

84 08 24 1 01110106100000000020 0090
84 08 25 101 1101010000¢00 CCco0ogoCO0o0

84 08 26 01 0000000011C0000 000

84 08B 27 X X ¥ ¥ X X X X X X X X X XXX XX X XX

B4 08 28 X X X X ¥ X X X X X # X X X X X XX X X X

84 0B 29 X X XL X X X X X X X X X X XXX XXX XX

g4 08 30 1 1 1110101C0000000090 ¢ 10
84 08 31 1110101010000000¢00 010

84 09 01 111110103100000000000 00
84 05 02 1 1 111060100600000001¢0C o0

123 absent

02+03+010+Q4

84 09 03 0 C 00 CO00000C00000C0CO0 001

84 09 04 1 01010000000000¢0CO00 000

84 09 05 X X X X X X X X X XXX X XXX ¥ ¥ XXX

84 09 06 111 000000000000C0COQ0 ¢ o

84 09 07 X X X X X ¥ X X X XXX XX XXX ¥ XXX

84 09 08 X X X X X X X X X X X X XX XX XXX ¥

84 09 09 1 110000000C0C0000¢%0 000Co0

B4 09 10 X X X X X X X XX XXX XXXX XX XXX

021+Q4

84 09 11 1111000000000000¢00 001

84 09 12 000000000G000000C00 c 000

84 09 13 X X X X X X X XXX XXX XXXX X X XX

133 absent

84 09 1411 10000000000C000290S 000

84 05 15 1 11 0000000002C00C00 0000

85 06 24 S 00 000000 CO0C000D0C0 0000

85 06 25 SO0 Q000000 0Q00CQOCGO0 Q060

85 06 26 S0 00000 00000000CO0 Q000

85 06 27 S0 00000QO0C000000CDQO 000

B5 06 28 0000 S0D0C000000C00C00CGOD0 0]

85 06 20 0 6 0000000000000 000 ¢ 00

85 06 30 S 000000000 0Q000CO0CCOPD0 0

85 07 01 S0 000000000000 00CO00 G 0oG0C

BE 07 02 00 001000100000C0000000

8BS 07 03 1 0101000 1000000000C0GC0
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naily pod sighting records.

Appendix 3, Table 21 {continued):

A AAAABCCDDGGHIIIIIRWT

21345

pods:

12112

s 63742

Notes

5

2 6

YR MO DA

85 07 04 0 00 00CO0CO0OQO0CG000O0D0T 0090

85 07 05 1 01 ¢ 10000000000 Doo0GCoO°o
85 07 06 0O 000 Q0G0 S0000CO g 000Q0

0101000000000006000
g5 07 08 1 0 19010101000C0C0 goo00QQ0C

1

s

1
-

85 07 07

85 07 09 00 0000101000000 co0o000QC0C

85 07 10 1 0 1 000Q000000QCO0C go0oo0o00QQ

85 07 11 101 01010001000¢00 Q0000

10+Q3

8% 07 12 1 010000000C000O0D0 coo0oc1 ©
65 07 1310 1000000000000C0¢0C 29000C

85 07 14 10 1 0100000100000 110189

85 07 15 101000 000000000000 010

65 07 16 1 01 000000000000C0 g 00QC

85 07 17 101 010G00000000000 000D

a5 07 1810100000000 C000009 0000

85 07 19 0 C 00000 000C00CO0O0CO 0 00G0C

2C absent

85 07 201 011000000001000 cCo0C00 A
g5 07 21 1 0131100C0C00120000 000Q

8% 07 22 1010100000001 060¢0 cC00C

85 07 23 1010100000001 000290 00000

BS 07 24 10 1000000000000 0oo0CcCOoQoO

AZ20 absent
A20 absent

85 07 2% 1 0110100000000 00 00000
8% 07 26 1 010010000000 0C0O 0QCo00¢C

85 07 27 1011031000000 0010290 0 oo0aQ

85 07 2810 10100000000000001 o0

85 07 29 0000 1000000000000 01080

8 07 301 1 101000006000000001 00

85 07 31 11 1000000006000 000 0000

85 08 01 1 110100000000600020 0oco0o0G

BS 08 02 1 0 10100000000000¢C 0CcCo

85 08 03 111110000000000020 00000

85 08 04 0001100000001 0000 0000

85 08 05 1 1 10101100001000 00000

85 08 06 1 1 1010110011100 0110190

85 08 07 0 00S0000000Q000C0C0Q0 00C00

8 08 08 1 1111011100000C000 0o00CoQ0
85 08 09 1 11110111000000¢0C0 0000

85 08 101 1111011106000000080 0000
ag 08 11 X X X X X X X X X X X X X XXX XXX XX

85 08 12 1 1111011100000000000 G

85 08 13 11111011106000000020 0ocaoo
85 08 14 11 11:101111¢000100 0000

85 08 15 0 0 000 Q0000000000 Qo0CO0O0O0

85 08 16 11 101011100000000 000Q

g5 08 17 1110101110000 00¢0C0 g0 O0C

85 08 18 11 10101110000000¢0 coaQgo
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Appendix 3, Table 2! (continued): Daily pod sighting records.

AARAABCCDDGGHTIIIIIRWT

21345

Podse:

12113

56 37 42

Notes

5

&

2

¥R MO DA

8508 19 1110101110000 0000000¢0
85 08 201 1 1010111000C00000000
85 08 21 1110101110000 0006131000
85 08 22 11101001000 O0CO0O0COC1O00O0C
85 08 23 111010110000 0C00CO00C0O0CO0
85 08 2411101012111 011000C10000

85 08 2500000000 0CO0O0CO0QCQCODO0OOO

85 08 261 1101000000000 000C0CO0CO0CGO0
B5 08 27 111010006 0C00C0CO0O0O0C0CO0O0OOQ0

8508 2811 101¢1100C0000C000C0CGO00OO0

85 08 29 0 C 00 0C1100000C0000CO0CD0O0

8508 3011101011 00000060C00000
8508 31 1110100000000 00000CG000

85 0% 01 11101C110000000000C000

B 0% 02 1110C¢G10110000000000C000

85 09 02 1 110101100000000G600CO0O00 A2 solo

BE 09 04 000 0C 0000000 0QO0O0DO00G0O0CO0OQO0

85 C9 03 11 101122100C0000000000
8509 06 11101111000 0000000000

85 63 07 C0000S000Q0C00000Q00QO0O0O

1
r

8509 08101111212100020000000001
8509 0% 1110113110000000000110
8509 10 11 10101110060000000111

M1

85 09 11 00001000000 00QOQ0000C21LO0CO

85 09 12 101000000 00Q00CO000001100

B5 09 1260000000000 00CO0OC0000D0C0C0O

8509 14 1110100000000 00000110
8509 151 1101000060000 0020060100

AAAMAAAABCCDDGGHIITIIIRWT

Poda:

563742 123113

213491

5 Notes

26

YR MO DA

B6 06 27000 0000000C00C00CQ0000D0O0

86 06 281 0010001000C0CQ00C0C0000

B6 06 29 1 01 01:11000C0C000C0C0000O0CO

B6 06 30000 000020000C0000C0O00C0D0O00D0

86 07 C1 000202100000 0000C0Q00D00D0

B6 07 02 3000000000000 000C000D0DO0CD

86 07 03 101 0000C0000C0Q0CO00D0C000D00O

B6 0604 CO0O00000000CO000D0C0D00000

BE 07 05 101100010008 00000000000

86 07 06 1011110101100 000000000

86 07 07 60000001011 0000QC6000000

B6 07 08 1 0000001000000 0C00C0000
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Daily pod sighting records.

Appendix 3,

I

AAAAMAAABCCDDDGOGCHTI

Pods:

Notes

—4

-

2

YR MO DA

U8 C0C 0000000500000 200000
86 06 200 00 CDCOOO0O2O0D0CO0COD0D000

86 €7 11

i

na
[

86

i100000000¢0C00
100200000 00C0CO0OD0O0CO0

0101112000

.
i

3
-

1

Qo000 CC0OOCCO0COQO
0000CCCCOO0O0OO0
Co00CQQO0O000COCOO

01

101111z

11
86 07 15 1 0 0 0O

86 07 14

B
i

1

1
010010

000001000000 C 1T Ml

1

1
~

16

86 G7

¢G1011100000010000C0000
800030005 00000C00080080C0000
19000 0C0S0C00CCO0OD0O0CODODO1L

1
-

17

g6 07

bl
e

86 07

Ml

g6 07

86 07 20000 C Q0 CS000CO000000CO00CO00O0CO0

85 07 21

10006000000 C000CO0CC0

1

o100

86 07 22 000 C 0 O0S0C000QO0000CO000O0O0

10 0C0C0O00O0C
CoO00000O0
Co01000000¢CO0

G

23 0000 01
86 07 24 00 0 C CQ100Q0GCD0O0C

86 07 23 ©

86 07

1
4

¥
-

1
00000 C1I0O0 L1

CocoCco01l1oo

e
-

0 Q
1 006G
A XX X X

M

0101

4
A

26 0 O

86 07

1
"

4
-

27
28

07 29 1 1
86 07 301000 0C0C 00

86 07

XX

XX XXX XX XXX X +%

)4
~

X

856 07
86

10011

01

1
-~

20C00C0C00CO0C
CCcCOo0O0CO00O000CCO0C0

1o

)
A

11z

1

1001000
86 08 G2 1 0101100100200 000C0COQD0O0OD0

86 07 31
Bs 08 02 1

11000

0 1
o000 11

i1

1

0

0
Co00110000C600C000O0C0Q

+
4

C o011

4
wda

86 08 €3 1 1 1 ¢ 1

86 08 04 1

1001
1

1
=

1006000C00O0C0CO0

101

¢

T¢el11cCc0¢01
0101100011 0000000100

86 08 08 1 1 1 0 1 10

86 08 05 1 1 1 0 0
86 08 0g 1

B& 08 47

86 08 Q09 1

coo0oQ0O0OOQCQOOQOOO0OOD

1
<

b

I33+14% absent; P11

1
o

111200000000 O00

1
P

1

¢00C00COC0OCO0O0CO0ODO0C

1611111

1

-

©111000000100060C0000¢0
101100060002 0000C00C1000

86 08 101 0O

4S5 absent
4% absent

T
d

I33+
I33+1

b
Y

86 08 11 1
86 08

i

0

0Cco0CCOCO0OO0O0

0
Co0CO0COQOQO

0

1
N

1
4

G0
1

B6 08 13 1 1101100011
110311¢C011100

88 08

1

4

1

86 0B 151 1101100011000 00000000

86 0816 1 1101100100001 00000000

86 08 17 1110

86 ¢8

1011000012 00000000

3

1411000000000 0C¢0O00

b}
+<

11
1011011000000

i

18

000000

1
S

1

86 08 19 1

1111011000201 000060000

20 1 1
0

86 08
86 08 21

1 000010C0C0C0CO0OO

111
111111
C111¢

1

00100 0CQCQ0CO0CO

L
1

1112
1

b

<
-

g6 08 22

00000CO0DCOO

0012

1

1
pa

1
-

86 08 23
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Dally pod sighting records,

{continued):

Table 21

Appendix 3,

Pode: A A AAAABCCDDGG H I 11

2113

56 37 42 1

213491

Hotes

26

DA

YR MO

1000 c0cc

1
86 08 25 1 1 10111000000 10

2
P

86 08 24

Cocoooco

I33+I4% cnly,I31=0
I33+145 absent
I33+I45 absent

000
I3

1100000010011

CCC000QCD0020000 1000

+
EY

B6 08 26 1 1 1 0

1
B

86 08 27 0 0 ¢

110001100000001 0 00

1

86 08 28 0 C Q0 O

2+145 absent

-
=

Ccroo0001000
160000001001

86 08 29 1 1 1 0

X
M3

I33+I45 absent;

0 g1

-

1

0
1111101000001 08000 000C 0

1

86 08 30 1 1
86 08 31 3

0

0101111100000 1

1121 1211:

86 09 02 00 0 00O OQO 1O

86 09 01

G

4
s

A
“

+I145 absent
I33+I4%5 absent

I33

0000001100
100000D0CO0OD1IO0C0CO0
GCcoo0o000CODOO0O
XXX XX XXX xXXxoD

1110101001 :

86 0% 03 1
86 0% G4 11 1 1

B6 03 05 0 0D O0CO0OO0COOQO DO

86 09 06 X X X X X X X X ¥ ¥

unknown

P3+145

v
i

G0000O0CO0OIO0O0CDO
10100000000 0CGCO00D

B6 09 07 1101110000
86 09 08 1 10 11 1 0

86 09 09

€

I33+I4% absen

00000 O1000

1011

110110

<
-

Co000CocoCcO0OQOD
D000COO0OO0OO0OCD O
D0 0CCO0OC0DO0COOD

D00 CCO0OO000O00O00O0 D

86 0% 1000 0C00O0ODDODOCOOOD

g5

1909011000

09 11 1

86 09 12 00C 000 S00 0

86 0% 13 1100 1

b3

1
L

solo
Rl solo

R1

CCOoCOO0OOOODOCOC * OO

1500000C0C0000COD CO0000~* 00

86 0% 14 D00 D00 O s

86 09
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AFPPENDIX 4
Annual Indices of Associations Among Pods

(Note: see Appendix 1, page 93, for description of matrix
format.)

Table 22. 1379 association indices among pods (above
diagonal), pod solo indices (underlined, along diagonal),
pair totals (below diagonal), and pod totals (alecng bottom).

AT LAIRI AJG) A4 | AS 19 [ CS | 08 L DI L GT | Ga § o2 g on PoYaoporaf ruilorisy (e Ropow

A2 _.0i100011000f $77( sa1| 2771 o] ©f o} ol 9f 01 ot &2y szl 3 8t 9 of 9 az
Ai2 ILE___g110001 5F7) sall 27TE of  9p  of o] Q1 6] oy &2 sz} o} ot 0f o a]a2
A5 FUpdn ot 87Ty salr 2771 By op o a9t o of 91 &2} 82 a4 °F 0 0F o Als
Ak PX30 134 3} 466! 2181 af o1 g ay 31 8] 81 133} 123§ 01 LI T A
A% &L 261 261 1&f_ 3% 3031 0l ©] o) o4 af 9t o1 sai  s63 ci of 91 o1 oias
& it 51 51 3 $i_..01 ol af 3] 3 ot a1 91 =1 H at of Gt | ois
c3 et et ol At ep @l 9y @ e el ar  of of o] o R IS B S S - T .
cE 2] 03 et ot 51 ar ar__ 31 o ot ay oi st of 0] o1 o1 o1 af  0jcs
o3 ] o ot 0F 8y ol et et ar__m of [ BT T TR 1 oF 2 2f B: o |03
or EE R - I - 1 D T - ST ol 0y 9y EE I D - T 1 a9y 9t @1 wie7
G 9] ol IR - E - R - 1 B Y B °1__.0t ap o o4 4t 21 0 o 91 ofca
52 1] a4 o} af [ aj 81 ot [H ot ar___at o} af 8] 24 e o er ofe2
M at L L T IR T PR S 0 04 oy ot o1 ai 8t 01 Qf 3t gliwW
It 1] 1t B i L I 1 S S R ¥ a1 o1 o1 01__ 3ltooo) AT T T - P I S
i2 i U H i1 1] qf ot at o} af a1 ol L3 [ S} a1 [+ a1 04 of 1tz
tii 1@ 0l e er o of 91 e of  ef e of SR~ SN2 B E - S N TR I 3
HES-3 a1 a4 at 21 at o4 al 2] af L] 21 ot qt a4 o &y Gl ot of of:is
[ ol LI A . HEE T T - T ]| ot 2F 01 of op 3y gi ol oy a8l 61N
[] o al 3] gl a} 3] e o aj at [+ 33 o1 et 3| af I H af oy ot ¢l

w ] of 9y e el el e o1 o oy (=X I -1 B O TR 11 LI T - F -
ToraLl  31v 31y 33y 14r o oze) LI TR TR 1! at [V E R T 1¢ H e o1 @y 01 0
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Table 23.

diagonal), pod solo indices (underlined,
pair totals (below diagonal), and pod totals {along bottom).

1980 association indices among pods {(above
along diagonaly,

42 P RIZ) RIS A& | RS B} O3 ] U8 | D) ] D7 § G4 | GX £ oW f I1 ;oI § L33 138t (2%t ® P v
A2 f...REIDOGLI00GY op 43 oF oy a1 0f i el 81 el o 3i &f of of °F ol az
ALz . gteoel oy 451 ol e e 9r o ol 8L w8l of o) @t 0} 29 9F A2
Y13 HOOM_8b el 451 @b 81 9r ep @ ef 01 8f o] o of o 9l 81 o] ade
Ak GF @) 5i__ ol 5087 YOI 0] 0! 146] 140} PoooF e a3 2l el ol 8l ar ol as
a3 ER N - VEorspxiar exl o op  of 287} 3070 @f ol 481 o ar el 0F 8] o af as
1 B %F0p 1y 213081 o 91 zeer 2881 o1 o o ol 0 ai 4 Qi 8y el
cs at el or 8y el 9l B eE 21 el op 6f 8f @l o at g} a; ot o) o3
4.7 ot Gl 9 ai of ot df__ 4 a4 at 04 a} LH a af [-]] al ol H ¢l o8
o3 Or eber &b 81 zp el ey __gy1000f of of of o1 & o of ol oy a8 23
o7 oL et er 21 8zl of  ef si__or of o ot o &of o o 21 o1 el o7
G4 &} o & & o o} e} o of =1 -1 o ol ol o o el &1 & G G
G2 3 et 0 a1 ol ot o1 @1 ot o) of.. 8 e 61 ey ey or ef o1 ol a2
] L ] T Y - E - T A T N TR TR -2 JEY-3 S -1 S A~ F T S S S T Y S
8 @t eb @1 0t 9t 0t o] o or 4l 91 oy a___8t o o ar o1 ot e 11
H el of @1 el ey et e} ot or of of o 4 2l o1 91 @y ot 0y 1z
111 Sto@l et 861 9p ol 91 e @1 of 01 ot of o ey 21 ot ep o af
11s S I - B TR T R YRR PR R ey 0 @i 5] 037 113
I °bof 8 @t oL e oF 8 g 6 e o1 o o ¢t el op__ 8t o o 13
o ai o1 ey or 5y op o at o Gt 0y 21 o} e 9 o} gl ol__et eof=w
™ ol e} ol 0f e 0 o3 R L -3 g 8l ot 9y 8 e 9y _ 9w
TOTAL 1 it 1i 0%y e LS Tt & 1 g+ Ot S T a4 a1 at o Qi o4 a
Table 24. 1981 association indices among pods {abkave

diagenal), pod solo indices {(underlined, along diagonal),
pair totals (below diagonal), and pod totals (along bottom).

AZ ] AIZE AIS] A4 | A% ) B ] €S F S8 ) O3 L D7 f G4 § G2 [ W f L1 f (2 F L1} 14} 1310 A § w

AT f...011000110001 983} 8311 133 @F  Of 1901 1907 53] 31: 50{ <At asf 9%] 93] 51| G 0] Az
ES T4 Jdi___GII0OGE 3451 831 133] Ol GF 1907 190{ 5§l $1] s0| 48| 483 98] #5] 311 01 of a2
A3S I8L 38181 9451 4311 133 01 00 190% 190]  $3|  53{ sG] k&) &8% 35 95 511 o0 ol Al
A& ISEOASE I8 7TI HAp 9] ©f 2000 7001 54)  S41 521  S11 511 100} 100! Sl G} o] A4
A% 32132L 321 29_ZA1 1TIL @) O 1861 1me! SO 5G| 7] 98] 98] 1391 1391 s0i  of 61 as
3 1 3] 3 b 41 383 oF O ¥6F[ 3631 ©f Bl 2220 400] 00| $4%% $45{ 230% O 98
4] et 8L o1 er o ey _el1ees; el e o} ©  ai ef e of of ot af  of<Cs
4] 7] 3] al o af al .8l o of o of 9] o] Qf Gl 3] 3] 3| v Ce
01 LE LI | A4 apzp a9y slteoot o e 3330 01 o} 2501 z%¢ apaf 0! ol o3
or I e T - -1 7] #8181 91 3331 o1 0 230 30| 00 01 0§ 07
Ga i P! 14 i il 9 o4 al N of__ 8110004 [+ 34 a1 o ol ol 2t o1 Of G4
62 1t 1 ] 1 1y 0y Of 0 9y g} .80 e e 91 e o 8f o o6l
" 1§ 1t 1! [+ 1ol of 1t YEo81 9 Of 4003 00| S68] S86] S661 O] G =
i 11 11 b H H 2 0! o 33 a1 a a3 Vi___011000] 837} as?y 2] al el
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13y L R 1T 33100061 &0 pp 91 11
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Table 25. 1982 association indices among pods {(above
diagonal), pod solo indices (underlined, along diagcnal},
pailr totals (below diagonal), and pod totals (aleng bottom).

A3 E ALZY AMS] A4 4 AS | 8 [ CS | CA | O3 | 67 | 54 5 a2 (R S A A 2 S S I S L LA & ST A I

AL |.3F 7881 982 B16) 00| 139} 43L] 2801 2| o 285) ATLOAID 119 LI9] 981 FO 95| $%) 4k | A2
412 TEULIZE TTNLO7O9) 7STL 2183 2855 3244 80} 40 1004 80} 181 Sst SEP O T14 1349 1211 121 311 Auz
k36 38 ¥TI__25t A00i =107 3ast 360 244 1] Gf 2331 daf azs) 1sp) 3437 937 3N {97 377§ ads
Ad 290221 289 371 698 IS 113} 21s) s¢| s0! ooy Q1 294 Bl @y 1IAT Y14 32I] 801 444 | aa
A 1231 300 231 281 AT 1300 2431 541 s8] a3y 341 3001 105% 193] 1331 133) foa) 1o 123 as
L] k3 74 L2 LH 1 2301 at 1 1331 133% s O 4&% 123 125} 11T] 11T 286 Of 1481 a8
[+ 8L %t T 3 e 9% 3% 9f ot 100% TRMEOIBs) 1420 1a2i 1330 1321 0f 153) s40}Cs
43 1 81 4 5038t m gl 8t o) 113 2301 ser 8] o) 200% 2601 0f 3201 joc | {8
IR at L ER i i i ol Gl Blicoe] 1ary al S ol o 27 of al at S DX
a7 a9t i g1 3 i i a4 81 2i__ 21 181} a4 [T ST T gy L3 °f a9y afor
G L8| & *i L3} L} 5§ 1t it 1 131 3831 210 LH T 461) 463 ISLL 181 147 | G4
52 it i [T U R 1 1] Yoot 01 2p_ a1 zior o1 o) s8] §68] 0] 00| 150 ] 43
" 120 e 12y LR B 1| 3 L] il 3] al 3t 2i__ 81 loe) 300 285t 2ms| Gt 103) 3224w
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Table 26. 1983 association indices among pods (above
diagonal), pod solo indices {(underlined, along diagonal),
pair totals (below diagonal), and pod totals (along bottom).
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Table 27. 1984 association indices ameng pods (above
diagonal), pod sclo indices (underlined, alcong diagonaly,
pair totals (below diagonal}, and pod totals (along botton).

AZE ARTL A€ A g oAd P8 103§ L 1 O3 L DT § G ] &% | . {514 127 L1f1 1181 Trenoe g o
Az il 3BT yBA Zeay 323y Ti TOSM] &4 Si4} (31 ot a1t ros €31 234 Qi 41 240 Ol poloagp
AL2 TUE_IZ3E 375 2431 3561 30: Tany 401 e8| 1171 &Gt 407 166 $21 471 e8f 9! j0%) o} 2107 Az
238 421 2ii___ O Jev| emed 01 T)I6] a8y ity ot 3] Ol 2421 Ak} asi L} O 2488 gy aasioage
ax + 51 71991 79Ty 1031 2851 1ee] dest  ©l 61 oF e 0! 8f ay RARER LS S TR ETN BN
A% 28t 4] 23] 81 01 1301 e18y 1)) teoti 178 21 Gl 222F &2; a7t Qi O] 182} Of iy | oas
s 3 v} ot i1 LLERAL 0% 1BYE G420 3330 tBYL aBI] o7 01 9] o el oy ¢l ol
[ 4 sF Zag siooirl o o of 390} ¢ LT3 2T Y] o ] L2 - TRNY B Of 437 | s
£ v 1 3 H 2t 14 o ___0f of H o oy 0f o o} °of 0y 27t o4 ol cg
[+H) 1) LI E S LR 4 211 o1 ey 212y o ol 8} j80} 1004 LR Ci st oy ysaipy
o? G 21 o1 af 1t o o1 G 3t 3] 2] o o] | ol ol 2 oy oy aipr
G4 ot 1 ot af ot il 3! o1 of ol ___Siioeot o o ot ai o] o ot o1 ca
& 01 it o &l el i o) B3| ot o b 21 of at o4 of Gt at -} o] oz
" S 31 54 o 4 o4 & of ¥ o1 a ot o1 a4 of ot QF 2334 G Jeg b ow
1] 11 1 i ot 1t @ 3 o9 1 a1 of o7 01 0jooo] o1 0f 2304 o e 1y
12 1 1l 1y EH 1o ot o3 H a4 -3 ot <] 11 ol °H] o 230 o} o112
L o) LR o e oy -5 oy 3] er o o1 o} 21 o1 o, 81 af 81 oy ol 1y
11 o} e oy of o ot =N o} oF e ol el a1 e g1 gt ai LE ot o] 115
HE! 5 H] LR H 3t H] 3t 1 R LT b 1 UL B T T P 01 ez g3
e L1 ot I ol or ot &1 o 3] T - T T ] 9 cia
- 2] 2y *1 12 -1} 1 e 21 @) of 24 T 0] ¢ et Ot 1 9t afw
FoTag TR E R BT B P Fiores N E 3y b N 51 H i 3] o1 7 o '
Table 28. 1985 association indices among pods (above
diagonal}, pod sclo indices (underlined, along diagonal),
palr totals (below diagonal), and pod teotals (along bottom) .
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Table 29. 1986 assoclation indices among pods (akove
diagonal}, pod solo indices (underlined, aleong diagonal),
palr totals {below diagonal), and pod totals {(along bottom).
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Table 30. 1979 -~ 1986 assccliation indices among pods {above
diagonal), pod solo indices (underlined, along diagonal),
pair totals (below diagonal}, and pod totals (along bottom).
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Associations Among Pods of Killer Whales (Orcinus orca) in the

ADDENDUM

Johnstone Strait, British Columbia, 1987 and 1988.
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INTRODUCTION

The data presented in this addendum was collected during
1987 and 1988, my last two field seasons in the Johnstone Strait,
As of this writing the association data for A-ped individuals is
not yet complete, so only the pod sighting and association data
are presented.

METHODS

The same data collection methods described in the thesisg
were used during 1987 and 1988. Field season dates are listed in
Table 31. Dpata analysis methods were also identical.

Table 31. Observation effort for 1987 and 1988: extension of
field season for pod sightings from other researchers {see text):
dates of field season; number of days in field season including
extension; number of observer days (see text); number of hours of
reccrded observations; and totals for 1979-1988 (see Table 1).

-—W”m——“—-m—“—-u-—ﬂn—b-vn”—“—m—ud—m—-ﬂ‘hw”—-ﬂ-w——u—m_uu——m—ﬂ-“——m—-—‘h—nw_—“-w——““

Extension Dates of Observer
Year of Seascon Field Seascn Days Days Hours
1987 Sept. 18 July 13 - Sept. 2 68 59 277
1988 7/6 - 9/24 July 11 - Sept. 5 81 80 293
TOTALS (1979 ~ 1988): 759 675 2336

“m——“wm—“w-—u——"—“—Q-q_--u-—-m—u.—nw-—ﬂ-—v_"&"n-vn-n—qv——‘--—_—ml——m-u-—-m—u—l—"—w“w“

The nomenclature problem of lumping maternal subgroups into

a pod versus identifying them separately become more prevalent
during the last two years. As pods continued to grow and divide,
keeping track of maternal groups (and in some cases (ie A20)
individuals) instead of pods, became necessary. However, to
simplify comparisons with the first eight years of data, the same
pod designations were maintained. The principal problem was that
for a few pods (A4, G2, Il15, I31, and R) when only a portion of a
ped was sighted, the entire pod was represented. This situation
occured 17 times for the above pods, and 9 times for individual
A20. These exceptions are noted with the pod sighting data.

Cne additional methed to display the gradual division of
four pods into their component maternal subgroups during the ten
yYear study period is included here. The index of association of
one subgroup (or in the case of pod Al, two subgroups) with the
other subgroup in the ped was plotted by year.
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¢ 1
X

1

87 07 13
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9

-
¥

XXX AXAKXXKXXALXEX
0101100000000 0CO0O00O * Q0
87 07 16 0 0 1 00000 O0O0C0O100CGCOCCDO0 00D O

X

p X X X

87 07 14 X

R14+R13 only

1

B7 07 15

87 07 17 1101 11000C00C00100000000

A20 present

87 07 18 1 000 1100000001000 000CO0O0

1200000000000 0SO00D00CO0CO0O OO0

87 07 201 0 11 1101000001060 00O0CO0CO0O0

87 Q7

87 07 21 5 00 0000000000000 O0O0O0CCOO

i

A20 present
ne I33+I35+I45

87 07 221 1011100000001 000000O0O0

000CO01TO00CO0O* 00O
CO0OO0CO00O0CO0OO0 000000 O0COD0

1061
87 07 25 101 0¢11000C000C000O0CO0O0O0O0O0O0C

Y
S

87 07 23 1 111

87 &7

1

24 1 1 1 1 1

87 07 265 000G 0000DCO0ODO000Q0O0O0O0 0 U

87 07 27 01111100059 C¢0000000C0CCGCO U

{*)

87 07 28 1 311111100111 =*1010%*0%*2q9a0Q

R2 subpod

87 07 29 1 1000022000011 1210621000=*200

87 07 30100 * 0 0 1001

00000 LC * 0 00 (*)

-
4

All subped

3112 0% 0010601100000 110000

870801 50000000000000000000O0O0

87 07

87 08 02 10111100011 0C000000000O0COD

All subpod

87 08 03 1 11 *01000¢C0CO0000C1L00O0O0O0

87 08 04 1 0111 10C00000D9OQ0O0CO0O0O0O0O0O0 0

87 08 05101 111009000609 00CD00

00 00
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G1l7 subpod
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A20 present

87 08 09 100212 1100011001100010000
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A20 present
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87 08 13 000111001000 000006010010

87 08 14 00100101111 000000000GO00

87 08 15 X X X X X X X X X X X X X X X X XXX XXX

87 08 16 X X

X XXX XX

X XXX XXX

X X XX

X X X

87 08 17 101 11101111000000000010

87 68 18 001 111011C006000000O0O0GO0O0

87 08 19 1 0100101011000 00001000

No R2 subpod
No R2 subpod

87 08 20100111011 0000000000=*10

87 08 2110011100111 06000660000*120

87 08 22 1 00 0C0C0C0C00111100600000110

87 08 23 10000 CC00111000000O0CO0CO0CO0OO

87 08 24 1 01111061111 0000600060000



Table 32 (continued).
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Table 32 (continued).
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88 09 21 0100110000000 00 0C0CO0O0OI1IO00O0C
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Additional notes
87 07 28 G122 and G1s subgroups; R2Z+R3+R12 only
87 07 30 All subgroup only; I33+I35+T45 only
87 08 12 A20 present; I33+I35+T45 absent
87 09 15 M pod sighted, but day omitted for resident pods
88 08 02 A20 present; I33+I35+I45 absent
Table 33. Number of observer days, resident pod sightings,

colletive transient pod sightings, and days no orcas were
sighted for 1987, 1988, and 1979-1988.

Year: 1987 1888 79-88 Total
# days 59 80 675
A-2 48 52 4185
A-12 19 42 288
A-36 27 27 353
A4 33 15 210
A~5 35 15 353
A-14 38 18 362
B 4 8 92
c-5 16 23 160
C-6 15 10 82
D-3 19 0 105
D-9 19 o 71
G-4 3 0 31
G—2 5 0 13
H 14 5 80
I-1 0 0 12
I-2 2 4 22
I-11 4 0 20
Ii-1i5 & 5 32
I-31 7 & 47
R 7 6 28
W 6 2 35
Trans. 1 15 31
totals 328 283 2846
None 4 7 G 6



The average number of resident pods sighted in the Johnstone
strait decreased significantly in 1988, to a level almost as low

as in 1980 (Figure 23). A four year cycle seems to be emergling
in these data.

6.0 =
7 5.0
3 .
o
b
-
S
S 4.0
2
<
o
@)
(=9 3‘0 -
wr
-
2
S 2.0
T
a
E
£
= s
Z 1.

0 Y T Y T T T 1 T T T
{979 1980 1981 1582 1983 1984 1985 1386 1987 1588
Yenr
Figure 33. Number of resident pods sighted annually per cbserver

day (open squares), and number of A-pods sighted annually per
abserver day (closed squares), 19879-1988.

The number of pod pairs observered in 1987 was similar to
1986 and 1985, and the cumulative pairing reached 100% (Figure

34). In 1988 fewer pods were sighted and the amount of pairing
decreased accordingly.
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Figure 34. Annual and cumulative by year percentages of possible
resident pod pairs sighted, and annual percentage of possible

resident pod pairs sighted on days when at least 9 resident pods
were present.

Pod A2 continued to be the most frequently sighted resident
pod in the study area, followed by the other A-pods (Table 32,
Figure 35). ©Pod D was sighted as often as pod Al2 in 1987, and
in 1988 pod C5 was present more than pods A4, A9 and Al4.

In 1988 there were 13 sightings of transient pods (Table 32,
Figure 35), which was 10.8 times the previous annual average.
No encounters between residents and transients were observed,
however. The transient pods were sighted in parts of the study
area distant from the resident pods, or the transients traveled
through the area at times during the day when the residents were
not present. On eight of the days transients were sighted
there were two or less resident peds sighted, including three
days no resident pods were sighted. For the entire study period

25% of all transient pod sightings occurred on days no resident
pods were sighted.
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Associations Among Pods

In 1987 the All subgroup of pod A4 was sighted three times
withcut the A24 subgroup (Table 31). The 1987 assoclation index
of these two subgroups was 952. In 1988 the A4 pod was sighted

15 times (Tables 32 and 34), and both subgroups were always
present.

The adult male, A20, of the A36 pod continued to travel
independently in 1987 and 1988. In 1987 he was sighted six times
without pod A36, and on one occasion pod A36 was sighted without
A20 (Table 31). A20's 1987 association index with pod A3s was
£77. In 1988 A20 was sighted four times without ped A36 (Table
31), so his association index was 931.

I33 and her calf I45 continued to travel independently of
the I31 pod, and they were joined by I35. In 1987 the three
whales were sighted once by themselves (Table 31), and pod I31
was sighted twice without them, resulting in an association index

of 727. In 1988 the I33 subpod was absent from pod 131 once, and
their asscciation index was 909.

Table 34. 1987 asscociation indices among pods (above diagonal),
pod solo indices (underlined, along diagonal), pair totals
(below diagonal), and pecd totals (along bottom).
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Table 35. 1988 association indices among pods ({above diagonal),
pod solo indices (underlined, along diagonal), pair totals
(below diagonal), and ped totals {alcong bottom).
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Table 36. 1979 - 1988 association indices among pods (above

diagonal}), pod solo indices (underlined, along diagonal), pair
totals (below diagonal), and pod totals (along bottom).
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Figure 36. Cluster-analysis dendrogram of 1987 associations

among pods and solo indices (squares). Pod associations linking
clusters are shown.
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Figure 37. Cluster-analysis dendrogram of 1988 associations

among pods and solo indices (sguares). Pod associations linking
clusters are shown.
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rod Divisions, 1979 - 1988

The component subgroups of four pods (A1, A5, C, and D)
started to travel independently c¢f one another during the course
of this study (Figure 39). The degree of division among the

subgroups varied greatly {ie pod C), and in the case of pod D
returned to 1000.
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Figure 39. Annual changes in association among subgroups within

pod Al (subgroups A36 and Al2 relative to subgroup A2) and pod A5
{subgroups Al4 and A9).
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Figure 39 (continued). Annual changes in association among sub--

groups within pod C (subgroups C6 and CS5)
and D3).

and pod D (subgroups D7

Dotted lines signify no sightings for those years.
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DISCUSSION

The decade of data presented in this study described several
stable aspects of orca social behavior - maternal subgroup
fidelity, core areas, superpod events, male-male interactions,
resident-transient interactions, and allomaternal associations -
that might be considered basic rules. There have been several
possible exceptions to these rules - the behavior of I33 and A20
for example ~ that indicate that ten years are still insufficient
for describing the social behaviors of these long lived cetaceans
adequately. The next decade may present many new surprises,
perhaps on the order of Goodall's (1986) experiences with the
chimpanzees.

One of the primary questions I have of this study and of the
next decade is why do pods disassociate into subgroups?
Simmilarly, what is it that motivates a subgroup from one pod to
associate with a subgroup of another pod, even one of a different
dialect? My first hypothesis is that associations among
subgroups is related to sukgroup age and sex class compositions.
For example, pod B was composed primarily of males and was seen
solo more often than with any other pod, whereas pods composed
mostly of females and calves tended to associate closely.
Subgroups that tended to wander about tended to be composed of an
older, probably postreproductive, female and her adult sons (ie
pods W, G4, R2, and perhaps even Al2). The methods presented in
this paper were a bit too cautious to describe this relationship
sufficiently, due to the lumping of all daily pod sightings in
the study area. A time-based proximity method of analysis would
address this question better. My field notes should yield this
type of data should the notivation arise to dig it out.

Despite the slow rate of dispersal of subgroups (and a few
individuals) from one another, future long term studies must take
this into account. It is therefore important that all sighting
and association data should be collected at the level of the
individual (the splitters win once again). The labeling problen
will only get worse as pods continue to change in membership and
composition. The pod "A4" at the begining of this study was very
different from the pod "A4" at the end. Long term compilations
of data, such as the pod association dendrogram for 1979-1988
(Figure 38), will therefore represent general trends only.
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