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The Emergence and Stability of
Cooperative Fishing on Ifaluk Atoll

RICHARD SOSIS

-The evolution of cooperative hunting has been of immense interest to biclogists
-and anthropologists. Biologists have observed cooperative hunting in numerous
-vertebrate and invertebrate species (see Packer and Ruttan 1988), and anthropolo-
gists have noted that human foragers often cooperate when hunting and fishing
(see Hayden 1981). Cooperative hunting is frequently cited as a possible cause of
sociality in humans and nonhuman species (e.g., Alexander 1974), although oth-
ers have argued that cooperative hunting is a consequence rather than a cause of
sociality (MacDonald 1983; Packer 1986; Packer et al. 1990). Anthropologists
have suggested that cooperative hunting in hominids was a prominent factor in the
evolution of human brain size and language (Washburn and Lancaster 1968), as
well as the evolution of reciprocity in humans (Kurland and Beckerman 1983).
Determining the ecological conditions under which selection pressures will favor
cooperative food acquisition is essential for understanding the causes and conse-
.quences of cooperative foraging.,

There are two components to the evolution of any cooperative behavior: emer-
gence and stability. We can ask two questions to distinguish between the emer-
gence and stability of cooperative hunting: When should a hunter join another
hunter rather than hunt solitarily (emergence of cooperation)? and When should
an individual free ride while others hunt cooperatively (stability of cooperation)?
- The goal of this paper is to test theoretical models of the emergence and stability
of cooperative foraging using empirical data of cooperative sail-fishing activities
on Ifaluk Atoll. Whereas prior models of the evolution of cooperative hunting have
- assumed that hunters share their returns equally among themselves or all group
“members {Boesch 1994; Packer 1988; Packer and Ruttan 1988), the models pre-
sented here will use empirically observed biases in the sharing patterns of fish in

order to explain variance in male participation in cooperative fishing activities on
~Haluk.
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EMERGENCE OF COOPERATIVE FORAGING

A number of factors are likely to influence the evolution of group foraging, such
as resource defense (Crook 1972), vigilance and predator defense (Caraco and Pul-
liam 1984; Hamilton 1971), reproductive strategies (Witienberger 1980), Ea. for-
aging efficiency (Schoener 1971; see Pulliam and Caraco 1984; wEUanEwom
1988; Smith 1981 for reviews of the benefits and costs of group w@nwmﬁmv. Evolu-
tionary ecologists have been particularly interested in aﬂnﬂEzEm the importance
of foraging efficiency in the evolution of cooperative w@wmmwbm. mEnw.:mHEa. m&oo-
tion is expected to produce foraging strategies that maximize Ew gain rate in :m.ﬁ
and energy limited organisms. Foraging refurn rates have been @Q@G nEES:.& in
optimal foraging models by anthropologists (see Kaplan and Hill wav and biolo-
gists (see Stephens and Krebs 1986) as a proximate currency that 18 mmmcﬁma to be
highly correlated with fitness. Two avenues for the 9:&&5: of ooommﬁ::ﬁ forag-
ing based in foraging efficiency have been proposed: variance reduction of average |
feeding rates (Caraco 1981; Clark and Mangel 1984; Real and Om_.,,moo 1986) .m:a m
increase in average acquisition rates (Caraco 1987; Caraco and Wolf 1975; m;:EB. .
and Millikan 1982). Greater attention has been given to the latter of these routes to. :
cooperative foraging, and this paper will no:ﬁEo Eﬂ trend. . o

Foragers are often expected to form foraging parties that maximize per capita
net rate of energy capture. Following Smith (1981, 1983, 1985) we can alge- .
braically define mean per capita net rate of energy capture as

R,=S (E,~E)im 1y
i=1

where 7 is the foraging group size, ¢ is the duration of the foraging acquisition

event, and E, and E, are the energy acquired and the energy expended by each ow"

the n members of the foraging group during aﬁm t. .
A necessary condition for cooperative foraging to emerge 18

R, >R ﬁ.v..

Thus, for cooperative foraging to emerge the mean per nmm:m net REE rate o
n cooperative foragers must be greater than the mean per om.ﬁ:m net solitary 88_...:.
rate.! Equation 2 assumes that individuals are free to decide érwmﬁw to ».oEm.o..
cooperatively or solitarily. Equation 2 does not need to _SE. m.om. all »n in order ﬁoa
cooperative foraging to be selected. In other words, the nozn__:.osm for ooowmnm.é_
foraging to emerge may exist if there is a range of n (or only a single n) over whic]
R, is greater than R,. For example, two fishermen on a large boat that they are not
able to manage may have per capita fishing return Eﬁwm. H.::nr lower %ms.% they:
were to fish alone on shore. However, the necessary conditions for cooperative fi
aging to emerge may exist if for some range, say 4-7 fishermen, the mean pe
capita net return rate of cooperative fishing is greater than the mean per capita so
tary retum rate.
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Where cooperative foraging has emerged, there has been considerable interes
in determining the optimal number of foragers in a foraging acquisition group (fo
reviews see Giraldeau 1988 and Smith 1991). Natural selection is expected t
favor individuals who forage in groups of optimal size—in other words, group:
that maximize mean resource acquisition rate and therefore genetic contributios
(Pulliam and Caraco 1984). However, many studies have noted that the expecta
tion to observe optimal group sizes among foragers may be unrealistic because o
conflicts of interest between group members and individuals who want to join the
group. Individuals are expected to join groups if they can increase their net bene-
fits, which may result in a net decrease in benefits for those who are already groug
members (Clark and Mange! 1984; Hill and Hawkes 1983; Sibly 1983; Smitt
1981). This insight has motivated researchers to determine the conditions unde;
which cooperation is stable among a group of foragers.

STABILITY OF COOPERATIVE FORAGING

Even when the prerequisites for the emergence of cooperation are met, it is still
necessary to determine the conditions under which cooperaticnn will be stable
(Axelrod and Hamilton 1981; Maynard Smith 1983). The ability of a free-riding
strategy to invade a group of cooperators will determine the stability of coopera-
tion. Two factors determine the success of a free riding strategy: the ability of
cooperators to control a free rider’s. share of returns {e.g., Boesch 1994) and the
ability of cooperators to impose costs on free riders {e.g., Boyd and Richerson
1992; Enquist and Leimar 1993; Hirshleifer and Coll 1988). Mesterton-Gibbons
and Dugatkin (1992:270} have defined a “mechanism” for cooperation as a “prin-
cipal effect whose removal would select for noncooperative behavior.” Thus, the
existence of a mechanism enabling cooperators to control a free rider’s share of
returns or impose costs on free riders is a necessary condition for the stability of
cooperative foraging. Cooperation will be stable so long as the net benefits of par-
ticipating (cooperating) in an acquisition event are greater than the net benefits of
not participating (free riding).

As biologists have studied the conditions under which individuals cooperate,
they have asked related questions concerning the stable coexistence of cooperator
and noncooperator strategies. Producer-scrounger models have shown that pro-
ducers {cooperators) and scroungers {noncooperators) can coexist in a stable envi-
ronment as long as the net benefits received by scroungers are less than those of
cooperators (Barnard 1984; Barnard and Sibly 1981; Vickery et al. 1991). These
models suggest that cooperation will be evolutionarily stable when the average
payoffs of pursuing cooperation are equal to the average payoffs of free-riding (cf.

~ Higashi and Yamamura 1993; Rannala and Brown 1994).

.H:w goal of this paper is to test theoretical models of the emergence and stability
" of cooperative foraging using empirical data of cooperative sail-fishing activities
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on Ifaluk Atoll. Following a brief ethnographic description, I will discuss the pat-
terns and determinants of fish distribution on Ifaluk. Next T will evaluate whether
cooperaiive fishing on Ifaluk meets the necessary conditions set in equation 2 for
the emergence of cooperative foraging. Then, by assuming empirically observed
biases in the fish distribution pattern, a model will be generated to predict the con-
ditions under which an individual will join a cooperative pursuit. The model will
be compared to observed fishing behavior on Ifaluk. The paper will conclude with
a discussion of the results and directions for future inquiry.

ETHNOGRAPHIC BACKGROUND

Ifaluk is a small coral atoll (total land mass is 1.48 km? [Freeman
1951:237-238]) located in Yap State in the Caroline Islands of the Federated
States of Micronesia.? Ifaluk consists of four atolls, two of which are inhabited:
Falalop and Falachig. There are two villages on each of these atolls. Villages con-
sist of 5-13 matrilocal compounds. The 36 compounds on faluk range in size
from 1 to 4 houses and 3 to 37 residents. Households are composed of either
nuclear or extended families. The average number of residents on Ifaluk in 1995
was slightly more than 600.°

The residence pattern on Ifaluk is matrilocal. Although men reside at their
wife’s compound after marriage, they maintain a strong bond with the compound
where they were raised, their natal compound. A man’s bond to his natal com-
pound is most prominently manifest in his responsibility to work for this com-
pound. For example, as will be discussed below, men are expected to fish in
cooperation with other men from their natal compound. Although men occasion-
ally eat meals at their natal compound, they generally eat with their nuclear fami-

lies at their residential compound.

METHODS

The data presented in this paper were collected from December 1994 through
April 1995 on Ifaluk Atoll. During the field session I resided on Falakop atoll and
collected observational data on fishing activities in Tyeur and Iyefang villages. I
participated in 17 cooperative sail-fishing events, during which no quantitative
data were collected. Table 20.1 presents the residential composition of compounds
on Falalop.

The study population or risk set (i.e., those individuals who are at risk of par-
ticipating in a cooperative sail-fishing event) consists of 60 males age 14 and older
who either resided on Falalop atoll during the 19941995 field session or were
raised on Falalop but resided on Falachig, typically as a result of marriage. The
choice of excluding males younger than 14 from the risk set was not arbitrary.
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Table 20.1.  Residential composition and canoe ownership of Falalop compounds

. aumber of number of R
village COMPOIc males (214 yr)  females (21 Msu:“ } %mar&xwﬂmmmune._.. )| nMM\Mm
Iyeur
Tiug 5
Harowchang 10 1 M Hw N
Falichel 3 8 9 N
Fafigliow 1 7 3 v
Hawong 4 6 5 N
village total: 23 39 37 :
Iyefang
Imtaifou 3
Woluwar 10 Hw HW v
Falul 4 3 3 N
Mataligob 2 5 6 v
Hapehnac 3 2 4 \
Bwabwa 2 3 0 N
Niwegitob oz 2 3 N
village total; 26 3 33 :
atol total: 49 70 70

Eﬁo:mc males younger than 14 often participate and contribute to cooperative
fishing .o<w:$, they are considered to be learning and not fully adult. They are
never given any portion of the catch regardless of the distribution m:.a they are
excluded from any men’s feast.* There is a cultural precept that Em_ww are ex Moﬁa
to fish on the canoe associated with the compound where they were Swmoﬂ (se
_.u@_oiv..ﬂwﬂmmomd“ men who were raised in compounds on Falalop were EQ:Q@M
in the risk set since they are expected to fish on canoces owned by Falalop com-
mm‘.m:mmu even HJQES\ currently reside on Falachig. Males that reside on %m_m_o_u
0 were raised on Falachi i i i i
b ere ratsed on T mm;m_wm@%owo also included in the risk set since they often
Observational data on solitary and cooperative sail-fishing were collected dail
on Falalop from .Uooma_uo_, 19 to April 5 with the exception of one week in EEBW
{(n=98 o_.umw_,ﬁﬁon days). Every moming at 4:00 a.M. during this period I walked
8. the main canoe house on Falalop and waited for the men to commence cooper
ative fishing. I recorded which of the four canoes set sail, names of the mwrnﬁwwm
on each canoe, and time of departure for each canoe. I was also at the canoe house
s&.w: each canoe returned. I recorded the time of return for each canoe and the
weight and species of each fish caught by canoe. Following the distribution of fish
mu.oB. the canoe house T reweighed all the fish and recorded where each mmr. W
distributed. If inconsistencies were found between the first and second wei E:mw
the mm:.éoa weighed a third time and the data were corrected accordingly mmrmaow
Feldstein monitored eight village-level (felang) and 24 compound-level ?.g:%&
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on events. During her observations she recorded the names of

stored their outri
species of each share redistributed, and the name rigger canoes on Falalop engaged in any form of solitary fishing

and thet
n OHMMQ returns account for only 2.2% of the fish caught during this period.®
on pe memwo mm%-mmrEm accounts for 87.7% of all fish caught in men%vm. 1
ber through m\ww ODNM_V Most mornings during the trade wind season from %mei
: ’ es congregate at the cent )
rena . - ral canoe hut ;
wrmmzm_mwﬂ MOH the daily cooperative sail-fishing. After the canoes E,M: Mm_m_o% "
ing into the _mo MM@ ﬂ,ﬂmoi help to push each canoe that will be EE:M ﬁrﬂﬂwﬁw o
for large _um_mmmo M h o canoes are then satled outside the reef where the men md m
their return Ewo Emm M_cn: MMH%&_OS fin tuna, mahi mahi, and barracuda wa
) 1 throw their catch into a pi i< distri ) "
mﬁmmrm: the canoes have returned (see vm_oéw pile thatis disributed by a divider
er i .
canoe wmooWMonth%mn. Mﬁ:n% canoes on Falalop and eleven on Falachig. Fach
aintained by a specific matrili )
com is histori . ine, and hence ;
m@oﬂﬂ%%w M Maﬁomom:w associated with a particular canoe oMMH% oE:_H. i
N Emmmm Hw . o:a_&m canoe that is associated with the ooEwo:,:a in %ﬂwnﬂm:wa
sailed on E.m anM ,ﬁ Ma.aﬁa (n= m.mmv of the observed time that males fished :.@
idence bt ¢ that ,.zmm associated with their natal compound. Although .
o émﬁw,mmm:m are matrilocal, married men fished on the canoce Wmmoommw w ith
consistency %ﬂwmﬂwroﬁww omm.mwuw@ = 177) of the times they fished. Uom_ou:%. M_MM
. ) adhere to cultural e i
flexib xpectations, the
ible, especially when there are not enough males to man a par Mwmﬂwmmwmﬂwwmmﬂ
oe.

women’s redistributi
the distributors, the weight and
of the compound that received the share.

Solitary fishing activities occurred in the lagoon and were thus easily moni-
tored because of their high visibility. Observation days were spent at one or sev-
eral of the Falalop canoe houses that line the shore of the lagoon. All solitary

ne of these canoe houses. Data collection

fishing activities commenced from o
activities that required me to leave the shoreline (e.g., spot observations) never

cansed me to lose sight of the lagoon for more than one half hour. Of 57 total soli-
issed during only 3 events. For each solitary fish-

tary fishing events, data were mt
Em@ﬁw:: recorded the name of the solitary fisherman, the time of departure and

return, and the weight and species of all fish caught. Data on the sharing patterns
of solitarily acquired fish were recorded for 35 fishing events. 1 recorded the name
of the recipient and the weight and type of species received.

The energetic costs of cooperative and solitary fishing were measured using the
Energy Expenditure Prediction Program (EEPP) developed by the Center for
Ergonomics at the University of Michigan. EEPP is a software program that pre-
dicts the energy expenditare of an individual engaged in an activity by calculating
the metabolic energy expenditure of the sum of simple task elements of the activ-
ity (see Sosis 1997 for a more detailed description of EEPP and its use in this
study). All statistical analyses were conducted using SAS.

RESULTS Distribution of solitarily acquired fish -

Fish i :
reef mm:mm.nwmﬁm%w\ww%mm% means are the property of the fisherman. Some of the
caught the fisherman Smﬁm Euoo for women to eat. Often when these species are
male over 14 years of 1 E.ﬁ a m._.w m.:.a cook the fish on the shore and invite an
fishing events, 11 of memwo%,_o_z .EE in a small feast. During 54 observed mo:ﬁm%\
tuting 17.0% of the tot M - spootes caught were tahoo for wormen fo eat ooum%
G 31.0% e 39 a mwnWmE of all mo:ﬁﬂmw acquired fish. An average oum 76.8%
erman and E,m H.mmamsw. 1 hoogn mow_“mg means was consumed by the mmr;
there was no shari ial compound. During 19 of 35 observed sharing e
sharing outside of the fisherman’s residential compound g cvents.

Subsistence

The people of Ifaluk maintain a subsistence eCONOTY. The diet largely consists
of pelagic and reef fish, taro, breadfruit, and coconut. Pigs, chickens, and dogs are
also raised for consumption, but they are usually prepared only for bimonthly
feasts, White rice is the most frequently purchased food product, although not all
residents can afford it. There is no refrigeration on Ifaluk. Fish are occasionally
smoked, but competition with the dogs, cats, and rats makes Jong-term storage dif-
ficult. For a more detailed description of subsistence ofl Ifaluk see Sosis 1997.

Fish is the primary source of protein and fats for the people of Ifaluk. Only
males participate in fishing activities. Fishing on Ifaluk can be considered in two
categories: solitary fishing and cooperative fishing. All solitary fishing methods
exploit reef fish in Haluk’s lagoon. During the observation period (1 = 98 days),
solitary fishing resulted in the capture of 62 different species of reef fish. The main
type of solitary fishing during the trade wind season is line fishing with bait.’
Qctopus and land crabs are most frequently used as bait. Almost al} males over 15
years of age own the solitary outrigger canoes used for line fishing. Spear and trap
fishing were also observed daring the trade wind season (see Burrows and Spiro

1957 for a description). During the observation period, only 15 of 45 males who

Distribution of cooperatively acquired fish

There are a variety of distribution patt

e 2 : .vm:ﬂ:m for fish caught during ¢ i

i e, B 0550 ey b e e

S . ing, which occurs approximatel

even moﬂ_oémzwwﬁwoﬁw:%ﬂmmﬂ wrm mc.MEsQ... Here H will describe the mmm &miwamwzommm

cemson. Lo Mwn sai ,mmw.:;m, which occurs exclusively in the trade wind

poason. Upan retum 1 Em.m Bowﬂzm s cooperative sail-fishing event, fishermen

o each canoe throw ! 1r catch mto a comumunal pile that is distributed after all
. On Falalop atoll, two men have the inherited responsibility of
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dividing the fish. The dividers determine the type of distribution and the amount of
fish that is allocated to each recipient. During the 1994-1995 field session I
observed five patterns of fish distribution following cooperative sail-fishing events
on Falalop atoll. Multiple distribution types were often observed at the same dis-
tribution event. The five types are:

1. Canoe owner distribution (shauliwa): During a canoe owner distribution,
compounds that own canoes receive the catch of their canoe. Table 20.1
shows which compounds own a canoe on Falalop atoll. A canoe-owning
compound that receives fish subsequently redisiributes the fish to other
compounds, unless the catch is particularly small. Canoe-owning com- -
pounds retained an average of 59.7% (s.d. = 25.0%; n = 24} of the fish they .
produced. Redistributed fish are generally directed toward compounds
where kin and men who fished on the canoe reside. Indeed, multiple
regression analysis {Table 20.2) indicates that the number of males from a
compound who fished on the canoe of the redistributing compound is a sig-
nificant predictor of the amount of fish a compound receives from a canoe
owner redistribution. Whether any resident of a compound is closely :

related to the matriarch or patriarch of the redistributing compound is a .

nearly significant predictor of the amount of fish received. :
2. Village-level #let distribution (felang): Villages on Ifaluk are composed of

plots of land that are owned by the matriline of particular compounds. Plots

of land each have an iler value, which affects the flow of food resources:
contributed and received by the owners of the land. Plots are valued at 1
ilet, with the exception of two plots that are valued at 2 ilet. Ownership of

land within a village is not restricted to compounds located in the village. -

Table 20.2.  Multiple regression analysis of the amount of fish (kg) received from canoe
owner redistributions by compound :

Full model F = 165.078, df =3, p < .0001

r2=.37

n = 840 events

independent variable parameter estimate standard error pvalue

number of fishermen from 1.2206 0.0643 <.0001 -
compound who fished on canoe :
of redistributing compound

compound related* (.0988 0.0585 0.0914 -

amount of fish (kg) initially 0.001 0.0016 <0001 :

distributed to canoe owning
redistributing compound

*variable was input as 1 if anyone in the compound shared a coefficient of relatedness of 0.5 with En.
matriarch or patriarch of the redistributing compound, and 9 if nobody in the compound sharéd
a ceefficient of relatedness of 0.5 with matriarch or patriarch of the redistributing compound

The Emergence and Stability of Cooperative Fishing 445

Indeed, several compounds on Falachig atoll own land (and hence main-
tain ilet) within villages on Falalop atoll. On Falalop, compounds possess
between one and three plots of land, and the total ilet maintained by com-
pounds is also between one and three. Table 20.3 presents the number of
iler within Iyeur and Iyefang villages by compound and location of com-
pound. There are 19 iler in Iyeur (representing 184 residents) and 11 ilez in
Iyefang (representing 135 residents). On Falalop, the number of iler owned
by a compound is positively correlated with the number of residents in the
compound {r = .72, p = .008).

During a village-level ilet distribution fish are divided into two piles,
one for Iyeur village and one for Iyefang village. From these piles each
compound receives an amount of fish proportional to the number of fes it
possesses. The pile of fish for Iyeur village was typically slightly larger, but
not proportional to the greater number of iler or the greater number of res-
idenis represented by the ilet of Iveur (n = 17 events, Iyeur mean = 69 kg,
Iyefang mean = 63 kg).” One or two women from each compound that
owns ilet within the village convene at their respective piles to cook and
redistribute the fish. The eldest women present are in oﬁmﬂmm of the redis-
tribution. The amount of fish that each compound receives is ideally deter-

Table 20.3.  Number of iler and compound location of compounds which possess ilet
on Falalop Atoll

compound compound number of ilet number of ilel village of
id mumber naine in Iyeur in Iyvefang naincxx.n.
1 Imtaifon 1 1 Iyefang
2 Tlng 2 0 Eyenr
3 Harowchang 3 0 Iyeur
4 Falichel 2 0 Iyeur
5 Faligliow 2 0 Iyeur
6 Hawong 3 Q Tyeur
7 Woluwar 0 3 Iyefang
8 Falul 0 1 Iyefang
9 Mataligob G 1 fyetang
16 Hapelmat 0 1 Iyefang
1t Bwabwa 0 1 Iyefang
12 Niwegitob 2 9 Iyefang
13 Falfeliow 1 0 Rawaii
i4 Welipive 1 0 Rawati
15 Halingelou 1 0] Rawaii
16 Maiyefang 1 8] Mukulong
17 Hagotag 0 1 Rawaii
18 Hatibugot 0 1 Rawaii
19 Somat 0 1 Rawaii
total: 1% 11
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mined by the number of ilef that a compound possesses. Compounds that
have 1 ilef expect to receive half as much fish from a redistribution as com-
pounds that have 2 ilet, and one-third as much fish as compounds that have
3 ilet. For example, if a compound owns 2 ilet in Iyeur village, the com-
pound expects to receive 2/19 of the total amount of fish received by Iyeur
village.

As Figure 20.1 shows, the amount of fish that compounds actually
received from observed village-level ilet distributions closely matches the
amount of fish that compounds are predicted to receive. In other words,
compounds with 2 ilet received roughly twice as much fish as compounds
with 1 ilet, and compounds with 3 et received roughly three tdmes as
much fish as compounds with 1 ilez. In addition, only compounds that pos-
sess ilet within a village received fish from the redistribution. Compounds
1-12 are located on Falalop atoll and compounds 13-36 are located on
Falachig atoll. These graphs show that compounds located on Falachig
atoll tend to receive slightly less than predicted by a village-level /e dis-
tribution and compounds located on Falalop atoll tend to receive m:msmw
more than predicted by a village-level ilet distribution.

3. Atoll-level iler distribution (metalilet): Similar to a village-level ilet distri--
bution, in an atoll-level ilet distribution fish are distributed according to ilet.
However, during an atoll-level ilef distribution fish are distributed directly
from the canoe house to the compounds. Therefore, if as above a compound
owns 2 ilef in Iyeur, the compound will receive 2/(19+11) or 1/15 of the total
catch distributed via an atoll-level ilet distribution. Since Iyeur does not
receive fish during a village-level iler distribution proportional to the num-

ber of ilet in Iveur (Iyeur on average receives 52.3% of the fish fn = 17] but:

maintains 63.3% of the ilef), compounds that have ilef located in Gm:m

receive a greater proportion of the total catch during an atoll-level ifet dis-::
tribution than during a village-level ilet distribution, whereas the converse .

is true of compounds that possess ilet in Iyefang village.

4. Fishermen distribution (gagolagol): Fish are distributed directly to males®

who fished on the canoe that caught the fish. Fish are subsequently cooked
and consumed by the residential compound of the fisherman. Fisherme
distributions apparently take two forms. In the first type fish are divided

equally amongst all of the crew members (egalitarian distribution). In Em...

second type fish are distributed separately to any residents of Falachig that:
participated in the fishing event (Falachig resident distribution).
5. Men’s feast (yafiileo/giubul): Fish are cooked at the men’s house and omﬁ
by any male over 14 years old who desires to eat.

These distribution patterns can be Qmmmmmma as primary and secondary distribution:
types. The primary distribution types (canoe owner, village-level ilet, and Eo:-

5

d from lyeur

Tve!

village

percentage of fish rece

—
=

percentage of fish received from lyefang
village

Figure 20.1.

-+ predicted by ilet
——observed mean (n = 4)
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123456 7805910M ._u._u_»._u\_m:.am._mmom._NNNUNLNmmmmwmmumgu._mnuugumum

compound id number {1-12 Falalop, 13-36 Falachig)
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-0 observed mean (n = 4)

b—o0—0-—0—0—0-~G—o—0—-0—0—0 a—o-0
12345867389 a:aa::ma:_mauoﬁHmuﬁumumu:mmmuoeu.nu.utumum
compound jd number (1-12 Falalop, 13-36 Falachig)
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level ifet) never co-occur, and nearly all disiributions include one of these distri-
bution types. The secondary distribution types (men’s feast and fishermen distri-
bution) generally occur in conjunction with one of the primary distribution types
or with the other secondary distribution type. Table 20.4 presents the frequency
that each distribution type was observed. The most frequently observed distribu-
tion type was the canoe-owner distribution, which occurred during 63.1% of all
distribution events. Table 20.5 presents the percentage of fish that was distributed
via each distribution type during the observation period. The primary distribution
types account for more than 90% of the total fish distributed. Canoe-owner and
village-level iler distributions were clearly the most important distribution types
observed. Together these distributions account for 80.9% of the total fish distrib-
uted and occur during 89.2% of all fish distributions.

Determinants of distribution of cooperatively
acquired fish

Following a cooperative sail-fishing event, how do the dividers determine the
distribution that will be used to disburse the catch? The most important determi-
nant of distribution type appears to be the size of the catch. Figure 20.2 presents
each distribution type by the total weight of fish caught.

Table 20.4.  Frequency of fish distribution types observed on Falalop atoll following coop-
crative sail-fishing events

number of observation days = 98

observed freqiency

cooperative sail-fishing events 79
cooperative sail-fishing events with no catch 14
fish distribution events following cooperative sail-fishing 63
Distribution Types observed frequency % of total distribution events
canoe owner 23 354
canoe owner, men’s feast 16 24.6
cance owner, men’s feast, Falachig resident 1 1.5
canoe owner, men’s feast, egalitarian 1 1.5
village-level ifet 6 9.2
village-level ilet, men’s feast 6 9.2
village-level iler, men’s feast, Falachig

resident 4 6.2
village-level iler, Falachig resident l 1.5
men’s feast 3 4.6
men’s feast, egalitarian 1 1.5
atoll-level ifer, men’s feast, Falachig resident 3 4.6
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Table 20.5.  Total amount of fish distributed following cooperative sail-fishing
events by distribution type (n = 63 distribution events)

o total amount percentage of toral
distribution type distributed (kg) amount disiributed
canoe owner 12715 279
village-level iler 24113 530
atoll-level ifer 445.4 9.8
Fatachig resident 82,7 1.8
egalitarian 23.5 0.5
men’s feast 316.8 7.0
total: 4551.2 100.00
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Figure 20.2.  Total amount caught by distribution type {n = 65 distribution events).

Primary distribution types Figure 20.2 shows that when the catch is small,
fish are distributed via canoe owner distributions, and when the catch is large, fish
are distributed via iler distributions. Table 20.6 presents the results of a logistic
regression procedure where primary distribution type {canoe owner or ilef) is the
response variable, and the total weight of the catch, number of fishermen, number
of canoes that fished, and number of fish caught are predictor variables. The results
show that the total weight of the catch is a significant predictor of whether a dis-
tribution is either a canoe-owner or an ifet distribution. The number of fishermen,
number of canoes, and the number of fish caught do not have independent signif-
icant effects on the distribution type. Figure 20.3 indicates that the total amount
caught is a function of the number of males who fish.
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Tuble 20.6. Logistic regression analysis of the probability of a distribution type occurring
dependent variable: distribution type

canoe owner distribution =0
ilet distribution {(village-level or atoll-level) = 1

independent variable parameter estimate standard error p value
-2 log likelihood for model covariates
=56.2; p < .0001
df=4
n=60*%

L0085
total amount caught (kg) 0.0625 WMMWM W M_oa
total number of fish canght 0.0858 . s o.ooom
number of canoes 0.6137 wwmmq o.qcﬁ
nember of fishermen -0.1434 . .

*data on number of fishermen is missing for 1 event
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Figure 20.3.  Total amount caughi for 78 cooperative sail-fishing events by number of fish-
ermen (F = 934, p <001, df = 2).
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Although the current data set does not show a significant difference in the size
of the catch when village-level or atoli-level iler distributions occur, I expect that
with an increased sample size the data would show that the largest catches are dis-
tributed via atoll-level ilet distributions. However, the main distinguishing feature
between village-level and atoll-level iler distributions is the divisibility of the
catch, i.e., the number of fish canght. The range of the number of fish caught when
fish were distributed via village-level ifes distributions was 9-39 with a mean of
1B.1 (n = 17 events), whereas the range of the number of fish caught when fish
were distributed via an atoll-level iler distribution was 52-267 with a mean of
126.3 {n = 3 events). If there are enough fish to distribute via an ilet distribution
without any processing, fish are distributed by the men via atoll-level iet distri-

butiens. If not, fish are cut, cooked, and distributed by the women via village-level
ilet distributions.

Secondary distribution types FEgalitarian distributions occur when the total
weight of the fish caught is small, but the number of fish caught is large (i.e., prey
size is small). The total weight of the catch for the two observed egalitarian distri-
butions was 33.8 kg and 22.4 kg. If we consider all distributions where the total
catch weighed 20-35 kg, it is clear that there is a significant difference between
the number of fish caught when fish are distributed via egalitarian versus other dis-
tributions. 'The total number of fish caught during each of the egaljtarian distribu-
tions was 48, whereas the total catch from the nine other distributions (20-35 kg
each) ranged from 3 1o 5 fish, with a mean’of 3.7.

Falachig resident distributions occurred only when a male from Falachig fished
and a large quantity of fish was caught. Eight of the nine Falachig distributions
occurred in conjunction with an ilet type of distribution. In other words, Falachig
resident distributions compensated Falachig fishermen for their fishing effort
under conditions where they would otherwise not receive fish, since Falachig res-
idents are unlikely to reside in compounds that possess ilet on Falalop,

Although Figure 20.2 shows that men’s feasts occur for all catch sizes, they are
more likely to occur when the total amount caught is large. Men’s feasts occurred
during 11 of 12 events (92%) where the total catch was >125 kg, and only 24 of
53 events (45%) where the total catch was <125 kg. When men’s feasts occur, they
account for only 10.0% (n = 35) of the fish distributed.

To summarize the primary distribution pattern, if few fish are caught, com-
pounds that own canoes receive the catch of their canoe. These compounds typi-
cally retain most of the catch. Fish that are redistributed are primarily directed
towards compounds where related kin and males who fished on the canoe of the
redistributing compound reside. If the size of the catch is large, fish will be dis-
tributed throughout the atoll either via village-level or atoll-level ilef distributions.
Regardless of whether or not an individua) cooperatively fished, he (or more
specifically, his residential compound) will receive a fixed percentage of the fish
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distributed. Secondary distribution patterns account for less than 10% of all fish
distributed and appear to be aimed at rewarding those who fished (egalitarian and ;
Falachig resident) as well as assuring that all men can eat a meal of fish regardless -
of their effort or fishing success (men’s feast).

The fish distribution patterns following cooperative sail-fishing events are a
mix of investment-based distribution types (canoe-owner, egalitarian, and
Falachig resident), which reward men who fish, and population-wide distributions -
(iler), which ensure that all residents, or at least all male residents (in the case of
men’s feasts), receive fish regardless of their participation in production. If fish are
caught, men who fished ordinarily receive some of the caich. Free riders can only
expect to receive fish for their families infrequently: population-wide distributions
(village-level or atoll-level ifer) occurred in onky 30.8% of all observed distribu-
tions. Thus, although there is potential for free riding when fish are distributed to
all residents on the atoll, the investment-based distribution types limit the success .
of a free riding strategy. .

EMERGENCE OF COOPERATIVE FISHING ON IFALUK

Sail-fishing on Ifaluk meets the necessary conditions set in equation 2 for the
emergence of cooperative foraging. The mean per capita cooperative sail- fishing
production rate is 1.57 kg/hr (36 individuals, 980 events) and the mean per capitd
solitary fishing (all types of solitary fishing) production rate is 0.86 kg/hr (12 indiz
viduals,8 54 events). The energetic costs of cooperative and solitary fishing were
measured using the EEPP and calculated as 4.7 kcal/min and 4.9 keal/min, respec-
tively. There are 1,080 calories in 1 kilogram of raw yellow fin tuna {Genesis R&D
Nutrition and Labeling Software), which was the primary species of fish caught
cooperatively (89% of the total kilograms of fish caught cooperatively was yellow
fin tuna [n = 79 events]). For solitary fishing, since there are 62 different species
in my sample, an average of the caloric values of 5 species of reef fish (1,074 keal):
was used as an estimate of the caloric value of reef fish. Thus, the mean per omE. :
net production rate of cooperative sail-fishing is 1,408.8 kcal/br and the mean w.mﬂ.
capita net production rate of solitary fishing is 630.0 kcal/hr. This difference is sig
nificant (t =7.11, df = 156.6, p < .0001). The mean per capita net cooperative sail
fishing production rate of the 12 solitary fishermen is 1,467.6 keal/hr (355 events)
which is also significantly higher than the mean per capita net solitary productio
rate of those men {f = 5.79, df = 300.5, p <.0001).

However, as a result of the biases in the distribution E:Q.:m described above
cooperation may not emerge if men who fish cooperatively have lower oozmmam
tion rates than men who fish alone. By assuming the empirically observed distri
bution patterns, the consumption rates for cooperative and solitary fishing wer
calculated as the amount of fish received by ego’s residential compound divided:
by the amount of time ego fished. Based on my personal observations, I am asstim;
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ing that the within-compound sharing patterns are the same for fish canght coop-
eratively or solitarily. The mean per capita net consumption rate for cooperative
fishing is —139.8 kcal/hr (36 individuals, 950 events) and the mean per capita net
solitary fishing production rate is —254.6 kcal/hr (8 individuals, 35 events). This
difference is significant (f = 11.57, df = 94.5, p < .0001). The mean per capita net
cooperative sail-fishing consumption rate of the 12 solitary fishermen is —130.7
keal/hr (397 events), which is also significantly higher than the mean per capita
solitary production rate (¢ = 9.94, df = 193.3, p < .0001}.2

STABILITY OF COOPERATIVE FISHING ON IFALUK

O.oommwm:{@ fishing on Ifaluk will be stable as long as the net benefits of coop-
eration outweigh the net benefits of not cooperating. Given the bias in the sharing
patterns on Ifaluk, these conditions will vary considerably between individuals.
When a man decides whether or not to fish it is assumed that he makes this deci-
sion based on an evaluation of his expected pavoff—in other words, the fitness
gains that he can expect given the way that fish he produces will be distributed. In
many cases this will be a monotonically increasing function of the net kilograins
of fish that he and his close kin will consume as a result of his fishing effort. This
assumption is adopted in the model below. Here 1 assume the sharing pattern and
its determinants rather than try to explain it.

Fishing is a probabilistic activity with high variance in returns even for the most
skilled fishermeniEnvironmental cues such as rainfall, wind patterns, strength of
the tide, and the amount that was caught on the previous day can indicate better or
worse fishing conditions; however, a fisherman does not know beforehand what

- his actual returns will be. Under the cooperative conditions of fishing on Ifaluk,

environmental cues must also be coupled with knowledge of how others will

;. respond to these cues for a fisherman to assess what his actual return rate will be.

For each male at risk to participate in“a cooperative fishing event, there is an

_ amount of fish that he expects to receive given the amount of fish that are caught,
- the distribution type, and whether or not he participated in the event. For each
~number of fishermen there is some probability that a specific distribution type will
- occur. Knowledge of these parameters will enable us to calculate a male’s
~ expected payoff in nutritional gains if he fishes or does not fish for each number

of fishermen. We anticipate that when a male’s expected payoff for cooperative

..mmmtmmiwm is greater than his expected payoff for not cooperating he will fish
-cooperatively. Thus, we expect individual & to join a group of » fishermen if

(n+1)>Y,(n) (3)

Qn

: Swﬂa Y = individual k’s net caloric gain from participating in a cooperative sail-
fishing event and ¥, = individual &’s net caloric gain from not participating in a
‘cooperative sail-fishing event. This model assumes that:
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1. Individuals are free to decide whether or not to participate in any coopera-
tive sail-fishing event.

2. Individual decisions to join or leave a group of fishermen are independent
(i.e., the model is static).

3. Individual decisions to join or leave a group of fishermen are only based on
an evaluation of individual caloric intake. The additional caloric benefits
accrued by kin are not included in the model.

4. Individuals possess accurate knowledge of how their caloric payoffs vary
with the number of participants in a cooperative fishing event.

This model additionally assumes that individuals know the number of members
in the group they are deciding whether or not to join. Under the conditions of
cooperative fishing on Haluk, this assumption appears to be violated; individuals

do not know exactly how many men will be fishing until they arrive at the canoe
house in the morning. However, it seems likely that the same ecological cues that

indicate the quality of the fishing conditions are also used to determine how many

others will fish on a given morning. Therefore, it is reasonable to assume that men -

can assess with some accuracy how many males will fish on a given day. For
example, the total amount that was caught on the previous day appears to be an
important determinant of individual fishing decisions. Table 20.7 presents the

results of a logistic regression analysis where the dependent variable is whether or :

not an individual fished and the independent variable is the total amount of fish

caught on the previous day. The results indicate that, controlling for participation:

on the previous day, the total amount caught on the previous day is a amimnmﬁ
positive predictor of cooperative sail-fishing participation. In other words, if the

catch on the previous day was large, it is probably a reliable indication that fish-

ing returns will be favorable today. It is also probably one of many cues used to
assess the number of men that will fish on a given day.!?

Table 20.7. Logistic regression analysis of the probability of cooperative sail-fishing

paramerer standard I

independent variable estimate ervor p value B
-2 log likelihood for model covariates =

871.3, p < .0001
df =2
n=4999
total amount of fish caught (kg) on ]

previous day 0.0042 0.0006 <.0001 :
fishing status on previous day 2.6224 0.0963

participated in cooperative fishing event=1
did not participate in cooperative fishing
event =19
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The currency of this model is the net gain rate per day. The return rate per hour
is often the currency of choice among evolutionary ecologists; however, if free rid-
ing is an available strategy (resources can be acquired without time investment),
return rate per hour is not an interpretable currency. Therefore, the difference
between output (caloric gains) and inpirt (caloric expenditure) was used as a cur-
rency to measure individual fitness gains, which is simply the return rate per day.

Given knowledge of the distribution patterns as well as the frequency of distri-

bution types across number of fishermen,!’ we can more accurately define equa-
tion 3 as

D, [P+ DxIgn+ DIXT, - E>> [P x Iy x T, (4)

§=C, B, 5 S=enaEm

where:
P, = probability of a distribution type occurring

I, = caloric gains individual £’s residential compound expects to receive
from a distribution type if k fishes

1,4 = caloric gains individual £’s residential compound expects to receive
from a distribution type if & does not fish

¢ = canoe owner distribution

v = village-level ilef distribution

a = atoll-level iler distribution

¥ = Falachig resident distribution

m = men’s feast

E = individual k’s cooperative sail-fishing expected energy expenditure

T = consumer ratio, proportion of fish received by individual &’s residential
compound that individual & consumes

We can consider equation 4 in two parts. The left-hand side of the equation is
individual &’s expected payoff if he fishes and the right-hand side is &’s expected
payoff if he does not fish. The expected caloric gains if individual & fishes (LHS) is
the probability of a distribution type occurring as a function of the number of fish-
ermen if k fishes, multiplied by the expected caloric payoff of individual k for the
distribution type, as a function of the number of fishermen if individual k fishes.

" Since fish are given to compounds and not directly to individuals (with the excep-

tion of the men’s feast)'* distribution types must be multiplied by the proportion of
fish received by individual k’s residential compound that k will consume, T, which
is called the consumer ratio. It is assumed that food is shared equitably within a
compound but that an individual will consume an amount of fish in relation to his

- or her age, sex, and weight.'* The five distribution-type payoff probabilities are
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Erratum

summed and the expected caloric expenditure of individual k is subtracted from this This figure replaces Figure 20.4
.da—e on page 457.

value. Individual &’s expected payotf if he does not fish (RHS) is calculated as the
probability of a distribution type occurring as a function of the number of fisher-
men if he does not fish, multiplied by the expected caloric payoff of individual & for

The publisher regrets the error,

{a)

the distribution type, as a function of the number of fishermen if individual k does . & , -
not fish. As on the LHS of equation 4, the distribution payoff prob ahilities must be . '
multiptied by k’s consumer ratio and all five distribution-type payoff probabilities - ors
are summed. m . S m o6 ¥ = 0.0263x - 0.0768
Distribution type as a function of number of fisherman ] ”
o [ . .
In order to test the mode! presented for the stability of cooperation empirically mberctstarmen ’ Lt ®
itis necessary to calculate the hazard of a distribution type asa function of the num- G @ s
ber of fishermen. The hazard is simply the probability that an event will occur given - _
that it is possible for the event to occur. Hazard functions were calculated for each - ors
distribution type using data from 78 observed cooperative sail-fishing events.!* Fig- g ¥ 0.0008<" - 0.0038x 4+ 0.0031 5 e
ures 20.4a-¢ present the probability of a distribution type occurring by the number o2 2 | yrommed-oozens 0oses
of men that participate in a cooperative sail-fishing event. Functions were calcu- \ =
Jated as the least squares fit for the data using a set of linear and second-order poly- ¢ : v @ ox o -
nomial functions. Figure 20.4a shows that the probability of a canoe-owner: i et ot Gshermen
distribution occurring decreases linearly as the number of fishermen increases. The )
function that depicts this trend, y = —.0165x + 6977, was put into equation 4 as '
P (x), where x is the number of men who participate in a cooperative fishing event. o7e .
Similarly, the function y = .0263x-.0768, which characterizes the probability of 4 Pl T M, gure 20.4a-e. The hazard of a (a) canoe
village-level ilez distribution occurring by number of fishermen (see Figure 20.4b 5 \\\\u\\\\\.\\ ( &:Mﬁ%%ﬁ%mm._@uﬂ :Mﬂ_ (c) atoll-level iler,
was put into equation 4 as P,(x). Figures 20.4c—e present the functions that char: tribution as a ?cwmﬁu.nmmm MMW. Emnw feast dis-
acterize the probability of atoll-level ifef, men’s feast, and Falachig resident distri- o —— who participate in a noovmsmm% MM_.MMMM:
butions occurring by number of fishermen, respectively. These functions were number ot taaman event. These functions were put into Bsm:.om
entered into equation 4 as P(x), P (x), and P, (x), respectively. i 4 as Pu(x}. P(x), P,(x), P(x), and P_(x}
respectively. mA

Mean share of returns by distribution type

Individuals from different compounds expect to receive a different share of th
catch for a given distribution type. Using quantitative data on the amount distrib
uted to each compound following cooperative sail-fishing events, a function was
calculated for each residential compound of the 60 men in the risk set for eachidis
tribution type.

o.... g .

mwmmowmaoa oE‘S_EmmH with a peak between ten and eleven fishermen. As more men
ticipate in a cooperative fishing event, fish i .

articipa \ are not likely to be distrib i

istribution unless the catch is i w motions the
] particularty smail. The pol . i

B . e ca . polynomial functions that
H_..M..Mﬁnan_mm me data in Figure 20.5a (as well as the functions calculated for each
] M und, w .Ew are not presented here) were put into equation 4 as
mﬂ_ %o”wwnc.ad_%. Although the absolute amount of fish received from canoe-

stnbutions by each compound varies, the shape of the functions that char-

cterize the data (i.e., curvilinear wi
L R ith ...
ompounds. a peak around 10 fishermen) is similar for

o 1 4{x) and
Canoe owner distribution  Figure 20.5a presents the average amount of i
received by compound 4 from a canoe-owner distribution by number of fishetin
Tt was shown above (Table 20.2) that participation affects the amount of fish that
individual can expect to receive via a canoe-owner distribution. Therefore the dat
in Figure 20.5a are separated by whether or not any resident of the compound p
ticipated in the fishing event. The functions that describe the data shown in Figw

Beca i ivi
o_.m OMMMU of mm Mmmw ow data on fishing activity by residents of several noE@oE._n_m
o er distribution data had to be averaged across a set of variables Emm
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(a) characterize the compound. For example, no male residents of compound 8§ ever
cooperatively sail-fished. Therefore we do not know what function describes the
relationship between expected returns of compound 8 and the number of fisher-
men when someone from compound 8 fishes. In this and similar circumnstances
data were combined across two variables: whether or not the compound owned a
canoe, and location of compound, either Falalop or Falachig atoll. Compound 8 is
a non-canoe-owning compound located on Falalop. Figure 20.5b presents the
average amount of fish received by all non—canoe-owning compounds located on
Falalop atoll when one resident from the compound participated in a cooperative
sail-fishing event. The function y = —.0103x2 + .2234x — 4685, which describes the
combined data, was put into equation 4 for compound 8 as I a(x). This appears to
be the most parsimonious solution to the problem of nonparticipation in estimat-
ing expected payoffs; individuals that never cooperatively fish can only know what

their payoffs would be through knowledge of what others are receiving when they
fish.

1.2 4 “

y = 001477 + 0.2058x - 0.4193
R*=0.54

0.8

0.6 4

0.4 4

average amount of fish received (kg)

0.2 ¥ = 0.0111x% + 0.2212% - 0.4944 °
R¥= 0,31

QO T T v T T T T - + i

o 2 4 6 8 10 12 14 6 18 20
number of fishermen

Village-level itet distribution Figure 20.6a presents the average amount of
fish received from a village-level ilet distribution by number of fishermen for com-
pound 7. The data are characterized by the function y = —0.004x2 + 1.708 — 1.1.
For compound 7, this function was put into equation 4 as L%y and 1, (x). The
shape of the function that characterizes the data in Figure 20.6a is similar for all
compounds, although each compound will have a distinct function that character-
izes the amount of fish the compound receives during a village-level ilet distribu-
tion. It is not necessary to calculate separate functions that are dependent upon
whether or not anyone from compound 7 cooperatively fished. Participation has
no effect on the amount of fish that a compound will receive for village-level ilet,
atoll-Ievel ifet, or men’s feast distributions (although the addition of one fisherman
will increase the expected amount caught, and hence the amount distributed).

(b)

¥ = -0.0103x® + 0.2234x - 0.4685
R*=0.39

0.8 4

0.6

0.4

average amount of fish received (kg)

Atoll-level ilet distribution  Atoll-level iler distributions were only observed
three times during the observation period. Therefore, the data are insufficient to
determine what function characterizes the relationship between the amount
received during an atoll-level ilet distribution and the number of fishermen. For
~each compound the mean percentage received of the total amount distributed via

.atoll-level ilet distributions was calculated and entered into equation 4 as 1)
and Iz (x).

0.2 4

a T T T 1 T T T T T
0o 2 4 ] -] 10 12 14 16 18 20

number of fishermen

Figure 20.5.  (a) Average amount of fish received by compound 4 from canoe owner redis-
tribution by total number of fishermen. Data are separated by events when 1 or more men-.
from compound 4 fished (solid triangles and thick line), and events when 1o men wﬂ.ohm
compound 4 fished (open circles and thin line}. (b) Average mEo:E.% mm: .80@2@& S
non-canoc-owning compounds on Falalop from canoe owner redistribution if 1 or morg
males from compound fishes, by total number of fishermen.

Falachig resident distribution Males at risk of receiving fish from a Falachig
resident distribution are assumed to receive equal amounts of fish as a function of
=-the number of fishermen. In other words, in contrast to other distribution types, it
was assumed that there is no variation in the amount received by residential com-
pounds of Falachig fishermen via Falachig resident distributions. This assumption
is necessary because of the small number of Falachig resident distributions (n =
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Figure 20.6. (a) Average amount of fish received from village-level ilet distribution by
number of fishermen tor compound 7 (n = 17 events). (b) Average amount of fish
received from Falachig resident distribution by number of fishermen {n = 9 events).
() Average amount of fish distributed via men’s feast by number of fishermen (m= 35
events),
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9), however, since there was no expectation of a systernatic bias in the amount
received by Falachig residents at the observed distributions (e.g., if two Falachig
residents fished, their residential compounds would receive an equal quantity of
fish), it is unlikely that an increased sample size of Falachig resident distribution
events would affect this assumption. Figure 20.6b shows the average amount of
fish received by a Falachig compound from a Falachig resident distribution by
number of fishermen. The function, that characterizes this data, y = 0.382x —
4.511, was entered into equation 4 as I,4(x) for those individuals at risk of receiv-
ing fish via a Falachig resident distribution. ,;(x) is always zero since a Falachig
resident must fish in order to receive fish via a Falachig resident distribution.

Men’s feast. TFigure 20.6c presents the relationship between the amount dis-
tributed via men’s feasts and the number of participants in the fishing event. This
function, y = —0.059x? + 1.753 x -1.693, multiplied by the ratio &, where N is the
total number of men at risk of partaking in a men’s feast, was entered into equa-
tion 4 as 1,,(x) and 1, ;(x) (see note 12). It was assumed that there is an equal
probability of any male who is at risk of cooperative sail-fishing of partaking in a
men’s feast, regardless of whether or not they actually fished.!5

Energetic Expenditure

As stated above, males on average expend 4.7 cal/min during cooperative sail-
fishing. Males on average cooperatively sail-fished 179.7 minutes per event, thus
expending 844.6 calories per event. In most traditional societies, protein is valued
more than alternative calorie sources such as carbohydrates because of its scarcity
or expense of acquisition, On Ifaluk we are able to determine precisely how much
more protein is valued than carbohydrates because both can be assigned a mone-
tary value. Parents of children enrolled at the Head Start program on Ifaluk can sell
food for cash to Head Start (the option of providing food is rotated between par-
ents). Food is sold raw and subsequently cooked by Head Start employees. The
primary starch of the winter season is taro. Parents are paid $0.65 /lb. of taro
(485.3 keal) and $1.20 /Ib. of fish (489.9 kcal). Thus, parents can receive one dol-
lar for 408.2 keal of fish or 746.6 keal of taro. Therefore we assume that a unit of
carbohydrate holds .547 the value of a unit of protein. Although males on average
expend 844.6 kcal during a cooperative sail-fishing event, this must be multiplied
by .547 when subtracted from gains in the currency of fish calories, owing to the
higher value of fish relative to carbohydrate calories on Ifaluk.!6

Results of the Model

Expected payoff curves were generated from equation 4 for each of the 60
males at risk of cooperative sail-fishing. Males from the same compound have
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similar expected payoff curves since fish are distributed to compounds and not
directly to individuals, with the exception of men’s feasts. However, the variance
in expected payoffs of males from different compounds is high. Each individual at
risk has two payoff curves: one if he fishes and one if he does not fish. Figure 20.7
shows a range of expected payoffs that males face. Notice that each set of payoff
curves generates a different prediction concerning when a male will and will not
fish. From Figuare 20.7a we predict that male 209 from compound 7 will always
fish since his payoff curve for fishing is always greater than his payoff curve for
not fishing. Male 273 from compound 10 is predicted not to fish if fewer than 16
other males fish, but he should always fish if he expects that 16 or more males will
fish (Figure 20.7b). Male 157 from compound 18 is never expected to fish (Figure
20.7¢) and male 316 from compound 33 is predicted to fish only if he expects 17
or more others to fish (Figure 20.7d). We can also predict in Figures 20.7a—d that
as the distance between the payoff curves increases a male’s payoffs for alterna-
tive decisions will become less ambiguous, and hence motivation will increase to
either fish, if the difference is positive, or not fish, if the difference is negative.

All payoff curves for the 60 males at risk of cooperative sail-fishing are monot-
onically increasing. This is important because it implies that over the observed
range of fishermen (2-21) there is no confiict between joiners and members. A
member will always expect to receive higher payoffs if another male wants to join
the fishing party. This is consistent with my observations that no male was ever
turned away from a fishing event, and once at the canoe house no male ever
decided not to fish, as long as men took out a canoe.’

The model predictions can be compared with observed fishing behavior. Logis-
tic regression analyses were conducted to test whether the model was a significant
predictor of cooperative foraging decisions. The risk set for the analyses consists
of the number of males at risk of participating in a cooperative sail-fishing event
muliiplied by the number of cooperative sail-fishing days. Over the 79 cooperative
sail-fishing days, the number of males at risk (see “Methods™) changed 11 times
and ranged between 50 and 60 men as a result of individuals arriving and depart-
ing from Ifaluk. Thus, the total risk set consists of 4,083 person days. The depen-
dent variable of the model is whether or not an individual fished. The independent
variable was generated from the model as the difference in an individual’s -
expected payoff curves between fishing and not fishing. As the difference between.
the payoff curves increases, males should have greater motivation either to fish, if :
the difference is positive, or to not fish, if the difference is negative. Results of the
logistic procedure presented in Table 20.8 indicate that the model is a highly sig- -
nificant positive predictor of male cooperative fishing decisions. The effect on
cooperative fishing participation of the expected difference between an individ-
ual’s payoff curves is substantial. For example, if the difference in payoff curves
is -250 keal, the hazard of cooperative fishing is 0.06, whereas if the difference in
payoff curves is 250 keal the hazard is 0.39.
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caloric payoffs when only 2 men fish are not shown since they are identical for all males (no fish were ever

Figure 20.‘7. Expected caloric payoff by number of fishermen for (a) male id #209 of compound 7, (b) male id
#273 of compound 10, (¢) male id #157 of compound 18, and (d) male id #316 of compound 33. Expected
caught when only 2 men fished). Solid triangles denote the payoffs for not fishing and open squares denote
the payoffs for fishing. The scale of the y-axes are not the same in each graph.
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Tuble 20.8. Logistic regression analysis of the probability of cooperative sail-fishing

pardmeter standard

mdependent variable estimate error p value
-2 log likelikood for model covariates = 167.06, p

<0001
dft=1
n=4083
difference between cooperative fishing and not

fishing expected payoff (keal) 0.0045 0.0004 <0001

DISCUSSION

FEmergence of Cooperative Fishing on Ifaluk

The simple model (equation 2) presented above as a necessary oo.cmaos for ”%m
emergence of cooperative foraging is consistent with our observations o»,. mwr:.ﬁ
on Ifaluk. The per capita net production and consumption rates o.m cooperative sail-
fishing are significantly greater than the per capita net production and consump-
tion rates of solitary fishing. Given the twofold difference between moE.mQ and
cooperative production rates, why does solitary fishing OOOE,.NH &E.m.:”mm_ the
weather conditions necessary for the success of both production actuvities are
mutually exclusive. Cooperative sail-fishing requires strong winds and tide,
whereas solitary fishing can only occur when the winds and tide are calm. Thus,
when the winds and tide are calm we expect the mean solitary fishing return rate
to be much higher than the mean cooperative sail-fishing return rate. Second, .o:q
five males fished alone three or more times. Most males that attempted to solitary
fish may have simply been trying their luck. Because schools of fish 858:9\
move in and out of the lagoon where solitary fishing occurs, it may be worthwhile
to occasionally assess the profitability of solitary fishing. . o

It is often argued that Western influences such as .E&ﬁa:m:ms,._ mna nm?ﬁ_ma
have negative effects on the cooperative social m:ﬁoﬁa of traditional .mon.umamm
(e.g., Bethlehem 1975; Meeker 1970). In many cases this may be Q.__n. Within Yap
State, Ifaluk is the only atoll where men still regularly fish cooperatively. The most
obvious explanation for the breakdown of cooperative fishing on E.o other atolls
is the introduction of motor boats and freezers, both of which the chiefs have pro-
hibited on Ifaluk. Motor boats can be operated solitarily with very high return
rates, and large catches can be stored in a freezer for long-term oosmsﬁmaon. My
results snggest, however, that westernization may actually have wwo.m::ﬁ effect
on the prevalence of cooperative fishing on Ifaluk. Time oocm:EE.m HBwom.@a by
institationalized schooling, a product of American colonialism in Micronesia, :mm
probably resulted in a generation of males who are less skilled fishermen than their
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ancestors. Less time to invest in acquiring fishing skills is likely to have a greater
impact on solitary fishing success than on cooperative fishing success, since soli-
tary fishing is a skill-intensive activity. Certain roles in cooperative sail-fishing are
also highly skilled, such as locating patches of fish and directing the canoe, but
only one or two members of the crew need to perform these tasks. The remainder
of the tasks involved in cooperative fishing require almost no skill. Indeed, the
author, who had never fished a day in his life prior to visiting Ifaluk, proved to be
a productive crew member simply by holding a fishing line. Although some boys
skip school cccasionally to fish, most boys fish only on the weekends and holi-
days. In addition, most males leave the atoll after the eighth grade to continue
school on Woleai and then Ulithi, where the traditional fishing practiced on Ifaluk
does not occur. Thus, with the introduetion of Western schooling, males may not
be acquiring the necessary-fishing skills that would make solitary fishing a prof-
itable winter activity. It is interesting to note that the individual who fished alone
most frequently and maintained the highest mean solitary return rate had dropped
out of school by second grade.

Technology also plays an important role in the emergence of cooperation on
Ifaluk. The resource patch that is being exploited on Ifaluk consists of distinct,
large packages typically weighing 5-20 kg. The most important technology uti-
lized to exploit this patch is the sailing canoe, which requires cooperative partici-
pation. Operating a sailing canoe not only requires multiple individuals, it also
necessitates a coordinated division of labor. Improvements in technology can also
encourage cooperation by lowering the costs of acquisition. The recent transition
from using heavy sails woven of palm fibers to lightweight American-made sails

(purchased on Yap) has certainly lowered the energetic costs of cooperative sail-
fishing on Ifaluk.

Stability of Cooperative Fishing on Ifaluk

Although the necessary conditions for cooperative foraging seem to hold on
Ifaluk, these conditions are not sufficient for cooperation to be stable. Stability of
cooperatiive foraging requires a mechanism that either controls a free rider’s share
of returns or imposes costs on free riders. The model presented here has specifi-
cally considered the first of these mechanisms. Concerning the latter mechanism,
it may be that cooperative behavior is promoted through social controls such as the
negative effect of gossip on reputation, although the costs in terms of reproductive
fitness of a negative reputation are difficult to measuye.

Unlike previous models of the evolution and stability of cooperation, which
assume equal sharing among foragers or group members, the model presented
here used empirically observed biases in the fish-sharing patterns on Ifaluk. The
model has shown that the observed sharing patterns help us to predict the condi-
tions under which an individual will join a cooperative pursuit. The sharing pat-
terns appear to be the mechantsm by which a free rider’s share of returns is limited.
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“Although the model is a significant predictor of cooperative fishing participa-
on; inclusion of at least two variables would improve the model’s ability to
approximate the conditions of production on Ialuk. These elements will provide
- the basis for future research on the evolution of cooperative fishing on Ifaluk.

Opportunity costs  One of the most notable shortcomings of the model is that
the opportunity costs of cooperative sail-fishing have been ignored, primarily
because of the difficulty in determining activities that were foregone. The 'most
obvious consideration would be solitary fishing. However, the mutnally exclusive
weather conditions necessary for the success of these fishing activities makes this
prospect unlikely. Another possibility is that the opportunity costs could be mea-
sured as a tradeoff between paternal care and cooperative fishing. However, the fit-
ness benefits for men of, say, an hour of childcare may be much lower than the
fitness benefits of an hour spent {ishing, given an abundance of related female
caregivers. Indeed, Sosis et al. (1998) found that the number of coresidential off-
spring was positively correlated with cooperative fishing participation. The most
prominent type of male childcare observed consisted of boys joining their fathers
or kin on a sailing canoe. If we consider what males who are not fishing are doing
while others are out fishing, it is not obvious how the opportunity costs could be
measured. Males who are not fishing in the morning are typically sleeping. Gen-
erally, males return from cooperative sail-fishing between 7:00 and 8:00 A.M.,
which is when males who do not fish usually begin their day. This may suggest
that the opportunity costs to cooperative fishing could be measured as a tradeoff
with somatic investment.

Relatedness 'The model would also be greaily improved if it accounted for the
effect of a male’s relatedness to the recipients of the catch on his fishing decisions.
Preliminary analyses of a model that incorporates the amount of fish that a man
expeots his kin to receive into his payoff curves has yielded significant results
(Sosis 1998). There are conditions under which the predictions of an inclusive fit-
ness model differ from the predictions of a direct fitness model, such as the one
presented above. For example, if the increase in foraging efficiency of joining a
group is outweighed by the costs of lowering an individual’s inclusive fitness by
reducing the foraging efficiency of related group members, the individual is not
expected to join the group (Rodman 1981; Smith 1985). However, this is not likely
io be relevant to cooperative fishing on Haluk since the monotonically increasing
payoff curves (see Figure 20.7a—d) suggest a lack of conflicts between joiners and
members. One interesting consequence of including kin in the model is that the
energetic costs of fishing become inconsequential. In other words, the addition of
inclusive fitness benefits to the model would vastly increase an individual’s bene-
fits whereas energetic costs would remain the same as in the model presented
above.
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The importance of a man’s relatedness to the recipients of his production is evi-
dent in the pattern of canoe use—mnamely, that men fish on the canoe of their nata)
compound rather than the canoe of their residential compound. H fish are distrib-
uted via a canoe-owner distribution, married men are largely acquiring fish for
their sister’s families rather than their own. When married men were asked why
.5@% do not fish on the canoes of their residential compound more often, they
invariably communicate a sense of duty, ¢laiming that they must “fish on the canoe
that fed me when I was young™ Whether the inclusive fitness benefits for a mar-
ried man of fishing on the-canoe of his natal compound are greater than the inclu-

sive fitness benefits 6f fishing on the canoe of his residential compound needs to
be further explored.

SUMMARY

1. This paper tests theoretical models of the emergence and stability of coop-
erative foraging using empirical data on cooperative sail-fishing activities
on Ifaluk Atoll.

2. Consistent with a4 necessary condition for the emergence of cooperative
foraging, it was found that the mean per capita net production and con-
samption rates of cooperative fishing are significantly greater than the
mean per capita net production and consumption rates of solitary fishing,

3. Once cooperative foraging has emerged, a necessary condition for its sta-
bility is that the benefits of cooperation must outweigh the benefits of free
riding. Two factors determine the success of a free riding strategy: the abil-
ity of cooperators to control a free rider’s share of returns, and the ability
of cooperators to impose costs on free riders.

4. The fish distribution patterns following cooperative sail-fishing events are
a mix of investment-based distribution types, which reward men who fish,
and population-wide distributions, which ensure that all residents, or all
male residents, receive fish regardless of their participation in production.
Although there is potential for free riding when fish are distributed to all
residents on the atoll, the investment-based distribution types limit the suc-

cess of a free riding strategy. The distribution patterns are a likely mecha-
nism that enables the stability of cooperative fishing on Ifaluk.

5. By using empirically observed biases in the fish distribution pattern, a
model was generated that predicts the conditions under which an individ-
ual will join a cooperative pursuit. Predictions from the model were com-
pared with observed fishing behavior on Ifaluk. The results indicate that
the difference in expected caloric payoff curves if an individual fishes or

does not fish is a significant predictor of men’s participation in cooperative
sail-fishing.
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NOTES

1. Equation 2 is not a decision variable, such as the choice of whether to join a coop-
erative group or forage solitarily. Models of optimal mao:m size, such as Smith’s (1981)
joiner’s rule, assume that cooperation exists. The joiner’s rule assumes that the decision
variable that a forager faces is a choice between foraging solitarily or joining a group of for-
agers. Equation 2 does not assume that group foraging alveady exists, rather, it is an attempt
to establish the conditions that must exist for cooperative foraging to emerge.

2. For a more detatled ethnographic description of Ifaluk see Burrows and Spiro
(1957), Bates and Abott (1958), Turke (1985), Lutz (1988), and Sosis (1997).

3. During the 1994—1995 field session the movement of residents on and off the atoll
were monitored for Falalop but not for Falachig atoll, Census data on Falachig were col-
lected over a two-month period in which there were several opportunities for residents to
retun to and leave the atoll, No data were collected on the number of residents for all of
Ifatuk at any specific point in time; thus the estimate of slightly more than 600 residents,
rather than an exact figure.

4. Males under 14 years of age may of course receive fish within their own compound.

5. Informants claimed that solitary line fishing with bait was the main type of fishing
(solitary or cooperative) during the season of calm winds (lecheg) from May to Getober.

6. These data refer to daytime solitary fishing. T did not collect systematic data on
nighttime solitary fishing activities. However, casual discussions about solitary fishing indi-
cate that nighttime solitary fishing occurred less frequently than daytime solitary fishing,
and no individual exclusively fished at night.

7. Onaverage Iyenr received 9.5% more fish than Iyefang during village-level ilet dis-
tributions, but it maintains 72.7% more ilef than Tyefang and the ilet represent 36.3% more
residents (n = 17).

8. Fifteen males were observed fishing alone; however, data were not collected for
three events that were the only solitary fishing events for three males.

9. Tt is not swprising that all consumption rates are negative given the wide distribu-
tion of fish on Haluk. In addition, these consumption rates do not account for the high value
of fish calories, since it is the primary source of prokein on Ifaluk (see befow).

10. Whatever ecological cues individuals are using to assess the fishing conditions,
they will never generate exact Wboé_nmmn about the number of fishermen on a given day.
Nor will an individual possess precise knowledge of his payofts for a given number of fish-
ermen. This is a problem that all deterministic models face; strategists rarely have perfect
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knowledge of all the factors relevant to the outcome of their behavioral decision. A sto-
.o:mmno model that took into account errors in individual estimates of the number of partic-
ipants would be more realistic, although considerably more complex than the model
presented here.

11, mmm_:mzn:. distributions were not included in the following model since this type

of distribution Was only observed twice and accounts for less than 1% of the total fish dis-
tributed. _

12.  The caloric gains individual k expects to receive from a Baﬁ.m feast was calculated
as the expectedicaloric value of a men’s feast _.:EEurma by the ratio & 3 where N is the total
number of mex at risk of partaking in a men’s feast. In order to simplify equation 4, the
men’ s feast ém_,_m not designated by a separate variable from the other distributions. How-
ever, in generdting predictions and testing the model, men’s feasts were not multiplied by
the consumer fratio as implied in equation 4.

13.  Women’s and children’s weights were not measured. I have used Hillard Kaplan’s
calculation of consumer proportions by age, sex, and weight for the Piro (University of New
Mexico, unpublished data) to cstimate consumer proportions for Ifaluk residents. The Piro
data were used because the physiques of the Piro and the people of Ifaluk are similar.
Kaplan {1994) followed a procedure used by the World Health Organization (1985) and the
National Research Council (1989a, Table 3-1; 1989b) for calculating the resting metabolic
energy expenditure of individuals as a function of age, sex, and weight, The following table

presents the consumer proportions that were used to determine the number of consumers in
a compound on Ifaluk.

Proportion of Consumer

Age Male Female
-2 0.3 0.3
3-5 0.5 0.5
6-3 0.6 0.6
9-11 0.7 0.7

12-14 0.9 0.8

15-17 12 0.9

18-20 1.1 0.9

21-24 1.1 0.9

25-39 1.1 1.0

40-49 1.1 6.9

50-59 11 0.9

>39 8 0.7

14, Only 78 (rather than 79) cooperative sail-fishing events were used since data are
missing on the number of fishermen for one fishing event,

15. Fish from a men’s feast were generally left in the main canoe house for the dura-
tion of the day. Thus, any males over 14 vears of age were able to consume this fish.

16.  Ideally, to determine the value of a unit of protein and carbohydrate we would
want to know the price that a kilogram of fish could be purchased on Ifaluk, not sold. How-
Qﬂﬁ these data are unavailable since individuals never purchased fish or taro from each
other,

17, Incontrast, Smith (1991) found that over the observed range of Inuit hunters in 16
hunt types, net retumn rates decreased at the Jargest group sizes for 15 of the hunt types ana-
lyzed, and thus there was expected to be a conflict of interest between joiners and members.
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