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There are few reports of fish cooperating to obtaod. Of course, a good number of
species live more or less permanently in shoals$,jresmuch as groups can better
spot, flush, herd, or catch prey, then one cartlsatyshoaling fish are hunting
cooperatively* But this is not very special. The fish are alrelidng in groups
anyway. Their collaboration may simply be an acctdeby-product of their
individual behaviour.

More interesting is the following. On coral reedamselfishes valiantly defend
individual territories that contain food — matsatgae — and sometimes their nests
filled with eggs. These relatively small fishes acefearless in their territorial
defense that they have been known to attack didssurprisingly then, a single
damselfish has no trouble repelling a lone pasbifsurgeonfish, or wrasse.
However, these species may gang up on the dant$elg.sometimes form groups of
30-300 individuals that easily overwhelm the deésnsf a territorial damselfish and
proceed to devour its algae or its eggs. A sinpite@nomenon is known to take place
among the cichlids of Lake Malawi and Lake Tangkayiwhere groups of intruders
sometimes overpower territory owners in order totlear eggs. The key observation
in all of these cases is that the large groupsatdanm as readily when the territorial
damselfishes or cichlids are less abundant, whigigessts that the groups assemble
with the specific intent of swamping the territaywners?

Here is an even better example of collaboratigmoned by Russell Schmitt and
Steven Strand. While perched on cliff tops alorggghoreline of Santa Catalina
Island and Danzante Island, in California, theseaechers witnessed packs of 7-15
yellowtail amberjacksSeriola lalandi, hunting shoals of jack mackerels and Cortez
grunts in the waters below. Maneuvering in U-shdpechations, the amberjacks
managed to cut away the tail end of the prey sharadsherd the unfortunate
stragglers next to seawalls (when the prey welenaackerels) or in open waters
away from reefs (when the prey were grunts). Theeeamberjacks were at liberty to
lunge at individual prey in the center of the newtywnsized shodl.

Another example: the bluestreak cleaner wraskeoides dimidiatus cleans parasites
off the skins of other coral reef fishes (clientepugh it also cheats sometimes,
grabbing a bite of the client’'s mucus instead. Wtlegating occurs, clients respond
by terminating the cleaning session and takinglotérestingly, males can associate
themselves with the largest females of their harenadfer cleaning as a pair, and
clients seem to prefer being cleaned by a paierdttan by a single fish. A
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mathematical model developed by Olof Leimar of 8tmtm University shows that
cleaners working in pairs can remove more parasibes a client, thus offering a
better service and eventually building up a bigdientele. Moreover, field and
laboratory observations by Redouan Bshary and d\¥ilener, from the University
of Neuchatel in Switzerland, and Alexandra Gruttethe University of Queensland
in Australia, revealed that cleaners — especilllyfemales — cheat less frequently as
part of a pair than when they work alone, indiaga@m apparent willingness to
cooperate. Males often chase their female parangey when the females cause the
end of a cleaning session by cheating; it remairsetdetermined whether this
behaviour is “punishment” for betraying the colledttove effort, or just frustration at
seeing the foraging session suddenly ending. Atratey the research suggests that
paired fish collaborate to provide better servigality to their clientd. (For more
interesting thoughts on cleaner fish behaviour tsegage on Social Intelligence.)

The above cases involved cooperation among indigdof the same species. Now
here is one of very few known instances in the ahiworld of two different species
cooperating in a hunt. It concerns roving coralugers,Plectropomus pessuliferus,
and giant moray eel§ymnothorax javanicus, living in the coral reefs of the Red
Sea. Groupers are diurnal and hunt in open wallesr prey try to escape from them
by hiding in corals. Moray eels, in contrast, apetarnal, and hunt prey within the
crevices of the reef. Their prey try to escape ftbem by swimming into open
waters. So imagine the plight of a prey fish if thve predators, whose hunting
methods are complementary, were in cahoots: thetgdibe no safe place to go.
According to a study by Bshary and collaborafattse two predators do indeed
cooperate — sometimes.

The initiative seems to lie with the grouper. Agper will start by visiting the
sleeping berth of a moray eel during the day amdelits head directly in front of the
moray. The grouper does this only when it is hunlirgppears to be a signal, an
invitation to the eel to come out and participata jjoint hunt. In 70 out of 120
instances when the display was given, the morgyoreged by leaving its crevice and
swimming away with the grouper. Sometimes the geo@ppeared to lead the moray
to a hole into which a small fish had just takefiuge from the grouper. In the
probing that ensued, the prey was sometimes captertber by the moray or by the
grouper.

An interesting aspect of these observations isthegrouper actually convinced the
moray to “get out of bed”. This is an example oiitexible many fish can be in
their capacity to be active at different times ay dsee the page “Sleep in fishes”).

(I also get the impression that morays are goderess in general. Certainly many
fishes seem to want to talk to them. Not only doagse receive invitations to hunt in
pairs, they also receive invitations from theirgyttal prey to leave the
neighbourhood. Various butterflyfishes and surgestiefs, small enough to succumb
to a moray'’s attack, have been seen giving latisalays right in front of morays in
their crevices, sometimes even beating their tdithe head of the eel. This has been
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interpreted as mobbing behaviour, an attempt to@wtime predator and incite it to
leave the arel— see the page “Mobbing in fishes”.)

There are other examples of coral reef fishes fogapgether, but without any
particular signal being given to initiate the hupdirs made up of one green
birdmouth wrasse&zomphosus caeruleus, and one goldsaddle goatfistarupeneus
cyclostomus, can work the reef together. One fish goes roucoral head one way
while the other goes round the other way. Smalanigms disturbed by one fish may
be captured by the other. Groupers of differentigsemay also hunt in paifs.

Cooperation during parental care

Some species show biparental care: both the mdl¢harnfemale collaborate in
defending their eggs — and sometimes their fry-té@m the attacks of predators.
Biparental species often breed in predator-richthtgand therefore it is essential
that both parents collaborate in the defense oytlmg. Several studies, mostly done
with cichlids, have shown that eggs and fry doswtive well when one of the
parents is experimentally removéd.

The advantages of cooperative parenting have me®hkeéd in a 2007 study to
explain a puzzling observation. As any textbookimlogy (or sex education) will tell
you, inbreeding — mating among siblings — is artmgno, mostly because harmful
recessive genes stand a better chance of comiethtrgand being expressed. But
one species of fish apparently has not read thibdeks. According to a lab study by
Timo Thinken and co-workers at the University ohBan Germany, females and
males of the cichlidPel vicachromis taeniatus prefer to mate with their brothers and
sisters. Thunken also reported that during thempar@hase, males spend more time
near the eggs and quarrel less often with theienidhey are paired with a sister
rather than with a non-kin (why this is so is stiysterious). Thus in this case, it
seems that the benefit of having two parents whalgeg with each other can
overcome the known disadvantages of inbreedling.

In cichlids, there is often some division of labba@tween male and female parents.
The male usually spends more time patrolling thenblaries of the breeding
territory, while the female spends more time nbardggs. There is some flexibility
in these roles, however. If one parent is remotleglpther often changes its time
budget to make up for the missing partifer.

Again in cichlids, it is possible to find a few emples of what is called “cooperative
breeding”. The phenomenon also goes by the narfteetiers at the nest”.
Essentially, offspring from former broods stay witkeir parents to help raise new
broods. These helpers share all parental dutipsllirgg territory intruders, removing
debris, cleaning and fanning the eggs. As thewgrder and bigger, helpers have
the option of moving out to initiate their own bdé®y venture — often a dicey
proposition because safe spots are limited in tredditat. Many, on the other hand,
prefer to stay a while longer in the hope of integi their parents’ territory, should
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one of them disappear. Such a system has beeoysarty well studied in the cichlid
Neolamprologus pulcher. For more details on cooperative breeding, sepéige
“Are fishes good parents?”.

Cooper ation between males during mating

Sharks practice internal fertilization. During ctgdory attempts, the male often bites
the female, usually on her pectoral fins. The bitey prompt the female to mate, and
it may also stimulate her to ovulate. The propelerpasition, involving as it does the
simultaneous acts of intromission and biting, idita maintain when the pair is
moving. In the nurse shafkinglymostoma cirratum, a second male sometimes places
his body in front of the heads of the mating pagting as a block to their forward
movement and therefore assisting their attempolation. It is unclear whether

this second male gains anything from this altraibghaviour:*

On the page about the sex lives of fishes, yoused a mention that spawning often
occurs in trios in many species of suckers (far@igostomidae)> Two males

adjoin a female on either side and seem to presskibdy against hers. Both males
release their sperm when the female let go of gs.dt has been suggested that the
pressure exerted in concert by the two males sg@saenre eggs out of the female
than would normally be released, but this coopenatiypothesis has not been tested
yet.

Cooperation during building

Lampreys spawn in pits that they excavate in shalteshwater streams. Both sexes
contribute to the digging. In some species, upd@a@ults can dig a single communal
nest together. Each individual lamprey attachesutsorial oral disc to single stones
and moves them away. But sometimes, two indivithrapreys fasten their disc to a
single large stone and move it togettial.is hard to say if this is conscious
teamwork or just two fish that happen to latch ahisame rock at the same time.

Cooperation during intraspecific cleaning

Sometimes, fish can be seen eating ectoparasitdsediody of other fish of their
own species. Among the species where this hasdizsarved are the Californian
salemaXenestius californiensis, the Panama sergeant majdaudefduf troschelli, the
common carfCyprinus carpio, the bluegill sunfistepomis macrochirus, the
Sumatran barPuntius tetrazona, and the guppfPoecilia reticulata.**

Because both fish in the interaction are willingtiggpants and seem to derive

benefits from it, intraspecific cleaning can beweel as cooperation. However, if
ectoparasites really provide significant meals (sthimg that is still not clear), then
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the benefit to the cleaned fish is only an acciaemy-product of the foraging
activities of the cleaner. This would not consgtatstrong example of cooperation as
we normally understand it. It would be more impres# the ectoparasites did not
provide substantial nourishment, and the cleaneddvonly perform its service in the
hope of receiving the same treatment from the e@dish later on (a case of “If you
scratch my back, I'll scratch yours”). Such recipty has not been clearly
established yet.

Cooperation for more peacein theworld

Several fish species — salmonids especially —aogvk to be able to discriminate
between kin and non-kin. In a series of studieslooted at Memorial University in
Newfoundland, juvenile Atlantic salmon that hadrba#owed to establish adjacent
feeding territories in artificial stream channetfibited less aggression towards one
another when they were brothers and sisters assegdo when they were unrelated.
In a way, this is a form of cooperation based enrkcognition™>

Cooperation during predator inspection

Take a shoal of guppies, sticklebacks, or minnows fish tank, and next to it place a
bottle containing a predatory fish (a blue acachalal for example). A funny thing
may very well happen. At first the shoaling fisiil wather at the end furthest away
from the predator. But then some of the fish vafi,their own or as a small group,
approach the predator in a hesitant manner, a dumnge forward followed by a
pause, then another lunge forward followed by espaand so on until the fish stops
for the last time fairly close to the predator ¢léisan 30 cm or so) before turning
away and swimming back to the rest of the shoal.

Looking attentively at the approaching fish, we sap that they are very alert,
keeping an eye on the predator, beating theirfersously, moving jerkily. For all
the world it looks as if they are cautiously “chexkthings out”, assessing the
danger. Indeed fish ethologists believe that aggtimg a new fish is a way for prey
to take a closer look at a stranger, to deternfined a predator, and to see if the
predator looks hungry and about to attack. In, facthany quarters the behaviour is
called “predator inspection” rather than predaggeraach, so certain are ethologists
about the function of this action. Both freshwated marine fishes are known to
inspect predator¥.

Sticklebacks and guppies seem to feel safer whegndphproach a predator as part of
a group, or at least as part of a duo rather thdoy@hemselves. Therefore they have
a tendency to inspect a predator fairly closely nvtieey are accompanied by a
partner, but to chicken out and turn around furtiveay from the predator if they are
alone or if their partner quits on them. A paiirdpectors can therefore be viewed
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as cooperators: being together makes each of tlnégertand allows them to get a
closer view of the potential predator.

The lab of Manfred Milinski at the University of Behas been very active in this
field of enquiry. Milinski has used sticklebacksiaspectors and trout as predators.
In a long raceway he confined a trout at one embpdaced a stickleback at the other
end. On one of the long sides of the transpasa@way wall was a mirror. In one
treatment the mirror was parallel to the long afithe tank all the way to the trout.
Therefore a stickleback that advanced towardsrthe had the impression of being
“accompanied” by a cooperating partner — its owagm In the other treatment, the
mirror was angled away. The inspecting fish wasdfore accompanied by a
“partner” who tended to fall back and away. Miknebserved that his sticklebacks
came close to the trout when faithfully accomparugdheir mirror image but stayed
further away from the trout when the “partner deddt. Subsequent experiments
with guppies and mosquitofish in other labs hawtdgd comparable resufts.

Working in Milinski’s lab, David Kulling modifiedhis set-up slightly and showed
that sticklebacks came closer to predators whenwese escorted by large partners
rather than by small ones. The raceway was flabkewo long outer
compartments, one on each side. One-way mirrdvgea® the central raceway and
the outer compartments allowed the central fisbet® outside, but not the outer fish
to see inside. These outer fish could be made torgvard in their compartment by
lighting a green light at the end — they had beaiméd to swim toward the light in
order to get food. The outer fish could be a lage (5 cm long) or a small one (3-4
cm long) depending on the condition. During eash,ta stickleback was dropped
into the central raceway and given 15 min to getlus the place. Then a patrtition
was lifted to reveal the trout at the other end.th@at point, one of the outer fish was
sent forward by lighting the green light in its qoantment. The central fish thought
this was an inspection and usually participatetblgging along. Eventually of
course the central fish turned away from the padéiut the interesting thing was
that it did so some 2 cm closer to the trout whenduter fish was a big guy. Killing
and Milinski already knew that trout preferred ttaek larger sticklebacks, and they
postulated that the central stickleback knew thct foo and felt bolder when it was
accompanied by a partner who, because of its |aiger was more likely to deflect
attack upon itselt®

Fishes seem to be more willing to join another @tspr when they are familiar with
that companion. When four minnows captured froemgame shoal were placed in
the presence of a pike model, they inspected irs fpairly often. But when the same
experiment was tried with four minnows that canwerfrdifferent shoals, the fish
tended to inspect alone. It may be that individisél can recognise partners that are
familiar to them, can remember how bold these shatds are, and feel more
confident in following proven heroes rather thamgptete strangers. It may also be
that subtle cooperation, for example by taking $imoccupying the leading (and
more risky) position during inspection, is faciliéd by acquaintanc&’
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In fact, something akin to “trust” may develop beem inspectors. Again with a
system of parallel raceways separated by one-waypmi(so that a central fish could
see inside the two flanking raceways, but not vieesa), Milinski could give an
inspecting stickleback (in the central raceway)ithpression that it was
accompanied by either an apparent collaborataskiliat was made to advance far
in the next raceway because it could not see theégpor there) or a non-collaborator
(a fish that was made to stop short in the thiogwaay). The inspector soon learned
to distinguish between the two individuals. Thehgw the former collaborator was
forced by the experimenters to stop short in ikewaay, the inspector continued to
move forward towards the predatory trout. Milinskierpreted this result as a sign
that the inspector had built up trust towards trener cooperator and was confident
it would soon follow?°

1 For example: Mittelbach, G., 1984, Group size faedling rate in bluegills, Copeia 1984, 998-10&Xbv, P.,
1992, Group foraging versus solitary foraging ééficy in piscivorous predators: the perBhrca fluviatilis, and
pike, Esox lucius, patterns, Animal Behaviour 44, 313-326; ArnegtdcE., and Carlson, B.A., 2005, Electric

organ discharge patterns during group hunting impemyrid fish, Proceedings of the Royal Societyofdon B
272, 1305-1314.

2 Barlow, G.W., 1974, Extraspecific imposition ot groupings among surgeonfishes (Pisces: Acaiulte),
Journal of Zoology (London) 174, 333-340; RobertdarR., Sweatman, H.P.A., Fletcher, E.A., and QidJa
M.G., 1976, Schooling as a mechanism for circumngrthe territoriality of competitors, Ecology 57208-

1220; Foster, S.A., 1985, Group foraging by a coraf fish: a mechanism for gaining access to akfdn
resources, Animal Behaviour 33, 782-792; Fostek,,3987, Acquisition of a defended resource: aeffienf

group foraging for the neotropical wras$halassoma lucasanum, Environmental Biology of Fishes 19, 215-222;
Marsh, A.C., and Ribbink, A.J., 1986, Feeding sthamong Lake Malawi cichlid fishes, EnvironmerBablogy
of Fishes 15, 75-79; Kohda, M., and Takemon, Y96l %roup foraging by the herbivorous cichlid fish,
Petrochromis fasciolatus, in Lake Tanganyika, Ichthyological Research 4363.

% Schmitt, R.J., and Strand, S.W., 1982, Cooperétisaging by yellowtail Seriola lalandei (Carangidae), on two
species of fish prey, Copeia 1982, 714-717.

4 Bshary, R., Grutter, A.S., Willener, A.S.T., andrhar, O., 2008, Pairs of cooperating cleaner fisivigle
better service quality than singletons, Nature 2&8:-966 (see also page xv in the same issue);rasRa and
Schaffer, D., 2002, Choosy reef fish select cledisbrthat provide high quality service, Animal Befiour 63,
557-564.

5 Bshary, R., Hohner, A., Ait-el-Djoudi, K., and &ke, H., 2006, Interspecific communicative and dawated
hunting between groupers and giant moray eelsdérRééd Sea, PloS Biology 4, 2393-2398. See alson@nij, A.,
and Shpigel, M., 1985, Interspecific feeding asstimns of groupers (Teleostei: Serranidae) witlopeses and
moray eels in the Gulf of Eilat (Agaba), EnvironrtarBiology of Fishes 13, 153-159; Dubin, R.E., 298
Behavioral interactions between Caribbean reefdisth eels (Muraenidae and Ophichthidae), Copei2, 18-
232; and pages 64-67 in: DeLoach, N., and Humanr,929, Reef Fish Behavior: Florida, Caribbearhdaas,
New World Publications Inc., Jacksonville (FI).

® Motta, P.J., 1983, Response by potential preyptalceef fish predators, Animal Behaviour 31, 12559, and
references therein.

" Ormond, R.F.G., 1980, Aggressive mimicry and othtarspecific feeding associations among Red 8es ¢
reef predators, Journal of Zoology (London) 1917-2462.

8 Keenleyside, M.H.A., 1978, Parental care behawidishes and birds, Pp. 3-29 In: Contrasts in Bajta
(Reese, E.S., and Lighter, F.J., eds.), John Wil&pns, New York; Keenleyside, M.H.A., Bailey, R,@nd
Young, V.H., 1990, Variation in the mating systent @ssociated parental behaviour of captive aradliving
Cichlasoma nigrofasciatum (Pisces, Cichlidae), Behaviour 112, 202-221.

www. howfi shbehave.ca 7



 Thinken, T., Bakker, T.C.M., Baldauf, S.A., andlkaann, H., 2007, Active inbreeding in a cichlighiand its
adaptive significance, Current Biology 17, 225-229.

10 Mrowka, W., 1982, Effect of removal of mate ongreal care behaviour of the biparental cicilauidens
paraguayensis, Animal Behaviour 30, 295-297; Lavery, R.J., arekBs, S.G., 1994, Effect of mate removal on
current and subsequent parental care in the cocieiclid (Pisces: Cichlidae), Ethology 97, 265-2kZkowitz,
M., Santangelo, N., and Richter, M., 2001, Pareditasion of labour and the shift from minimal tearimal role
specializations: an examination using a bipardighal Animal Behaviour 61, 1237-1245; ltzkowitz, M.
Santangelo, N., Cleveland, A., Bockelman, A., aichfr, M., 2005, Is the selection of sex-typicatgntal roles
based on an assessment process? A test in the amaog convict cichlid fish, Animal Behaviour 69,-985.

1 carrier, J.C., Pratt, H.L. Jr., and Martin, L.K994, Group reproductive behaviors in free-livingse sharks,
Ginglymostoma cirratum, Copeia 1994, 646-656.

12 page, L.M., and Johnston, C.E., 1990, Spawnirigarcreek chubsuckeErimyzon oblongus, with a review of
spawning behavior in suckers (Catostomidae), Enwiental Biology of Fishes 27, 265-272; Cooke, $udd,
Bunt, C.M., 1999, Spawning and reproductive biolofiyhe greater redhorskloxostoma valenciennes, in the
Grand River, Ontario, Canadian Field-Naturalist,14%7-502;

B Keenleyside, M.H.A., 1979, Diversity and Adaptatia Fish Behaviour, Springer-Verlag, Berlin.

¥ Dugatkin, L.A., 1997, Cooperation among Animads:Evolutionary Approach, Oxford University Preldsw
York.

15 Brown, G.E., and Brown, J.A., 1993, Social dynamniitsalmonid fishes: do kin make better neighbdurs
Animal Behaviour 45, 863-871; Brown, G.E., and Bmp@.A., 1993, Do kin always make better neighbduttze
effects of territory quality, Behavioral EcologycaBociobiology 33, 225-231; Brown, G.E., and Brodm.,
1996, Does kin-biased territorial behavior increldsebiased foraging in juvenile salmonids? BeheadidEcology
7, 24-29; Brown, G.E., Brown, J.A., and Wilson, W.R096, The effects of kinship on the growth ofgnile
Arctic charr, Journal of Fish Biology 48, 313-38&e also: Olsén, K.H., Jarvi, T., and L&f, A.-Q94,
Aggressiveness and kinship in brown trdsdl (no trutta) parr, Behavioral Ecology 4, 445-450; Griffiths\\B,
and Armstrong, J.D., 2002, Kin-biased territory d&pe and food sharing among Atlantic salmon juvesil
Journal of Animal Ecology 71, 480-486. By the wegcently it has been shown that even some planmts ¢
recognize their kin and minimize the level of cotifien with them, more precisely at the level oéithroots:
Dudley, S.A., and File, A.L., 2007, Kin recognitionan annual plant, Biology Letters 3, 435-438.

18 For example: Csanyi, V., 1985, Ethological analysipredator avoidance by the paradise fidhcfopodus
opercularis L.) I. Recognition and learning of predators, Bebar 92, 227-240; Pitcher, T.J., Green, D.A., and
Magurran, A.E., 1986, Dicing with death: predatpection behaviour in minnow shoals, Journal shFi
Biology 28, 439-448; Magurran, A.E., 1986, Predatspection behaviour in minnow shoals: differences
between populations and individuals, Behaviourall&gy and Sociobiology 19, 267-273; Dugatkin, L.and
Alfieri, M., 1991, Tit for Tat in guppies: the réeiee nature of cooperation and defection duringipter
inspection, Evolutionary Ecology 5, 300-309; Hugford, F.A., Lazarus, J., Barrie, B.D., and Webh,1994, A
dynamic analysis of cooperative predator inspedticsticklebacks, Animal Behaviour 47, 413-423; iNkki, M.,
Lathi, J.H., Eggler, R., and Parker, G.A., 1997p@eration under predation risk: experiments onscastl
benefits, Proceedings of the Royal Society of LanB®64, 831-837; Brown, G.E., and Cowan, J., 2000,
Foraging trade-offs and predator inspection in starophysan fish: switching from chemical to vistizes,
Behaviour 137, 181-195;

17 Milinski, M., 1987, Tit for Tat in sticklebacks drthe evolution of cooperation, Nature 325, 433:4Bbr
guppies: Dugatkin, L.A., 1988, Do guppies playfdit Tat during predator inspection visits? Behazidcology
and Sociobiology 23, 395-399. For mosquitofishp8tns, D.W., Anderson, J.P., and Benson, K.E., 108%he
spurious occurrence of Tit for Tat in pairs of grE-approaching fish, Animal Behaviour 53, 113-1Bdr a bit
of controversy, see also: Masters, W.M., and WditA,, 1990, Tit-for-tat during predator inspectjam
shoaling?, Animal Behaviour 39, 603-604; Lazarusadd Metcalfe, N.B., 1990, Tit-for-tat cooperatio
sticklebacks: a critique of Milinski, Animal Behawir 39, 987-988; Milinski, M., 1992, Predator insfien:
cooperation or “safety in numbers”? Animal Behavid@, 679-680. For a wrap-up of the whole storg, gp. 59-
70 in: Dugatkin, L.A., 1997, Cooperation amongrals : an Evolutionary Approach, Oxford Univerdisess,
New York.

www. howfi shbehave.ca 8



18 Kiilling, D., and Milinski, M., 1992, Size-dependgmedation risk and partner quality in predatepiection of
sticklebacks, Animal Behaviour 44, 949-955.

19 Chivers, D.P., Brown, G.E., and Smith, R.J.F.,5.9%miliarity and shoal cohesion in fathead minsow
(Pimephales promelas): implications for antipredator behaviour, Canadiaurnal of Zoology 73, 955-960. See
also: Milinski, M., Pfluger, D., Killing, D., andétler, R., 1990, Do sticklebacks cooperate repiate
reciprocal pairs? Behavioral Ecology and Sociolggla7, 17-21; Croft, D.P., James, R., Thomas, P,O.R
Hathaway, C., Mawdsley, D., Laland, K.N., and Kiguk, 2006, Social structure and co-operativeaot®ns in
a wild population of guppies6ecilia reticulata), Behavioral Ecology and Sociobiology 59, 644-650.

20 Milinski, M., Kdlling, D., and Ketler, R., 1990,ifffor Tat: SticklebacksGasterosteus aculeatus) “trusting” a

cooperating partner, Behavioral Ecology 1, 7-1% &eo: Dugatkin, L.A., and Alfieri, M., 1991, Gupp and the
Tit for Tat strategy: preference based on pastact®ons, Behavioral Ecology and Sociobiology 283-246.

www. howfi shbehave.ca 9



