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bpakkir

Meistararitgerd er langt og timafrekt ferli sem ymsir koma ad med beinum eda 6beinum
hetti. Margir eiga karar pakkir skildar og par sem ég gleymi eflaust ad telja upp einhverja
peirra hér er oruggast ad senda bara nég af peim og bidja pa ad taka til sin sem vilja kannast
vid ad eiga pakkir skilid.

Eg vil pakka leidbeinendum minum Arnpéri Gardarssyni og Arna Einarssyni fyrir
ljifmannlegt samstarf 4 6llum stigum og gldgga ritryni. Eg vil pakka Rannséknarstodinni
vid Myvatn og forstddumanni hennar Arna Einarssyni fyrir ad hysa mig { prji sumur medan
4 vettvangshluta rannsoknarinnar st6d. Pabba minum Pérarni Hjartarsyni og konu hans
Margréti Gudmundsdéttur vil €g pakka fyrir hvatningu og 14n 4 bil nar heilt sumar medan 4
rannsOknum st6d. Margréti vil ég einnig pakka fyrir afnot af vinnustofu hennar 4
lokasprettinum { tvar vikur haustid 2010.

Ymsir 1jadu adstod sina vid skrdningu 4 vettvangi og er peim pakkad fyrir ritarastorf og
g6dan félagsskap. Samnemendum og 6drum bjaningabraedrum 4 Grensasvegi og i Oskju er
pakkad fyrir g6dan félagsskap og andlegan studning & leidinlegu koflunum. Mikilvegi
pjéningarbradra og salusorgara vid vinnu slikra ritgerda verdur seint ofmetid.

Yfirmanni minum og vinnustad vil ég pakka skilning og sveigjanleika pegar kom ad pvi ad
fa fri 1 lengri eda skemmri tima til ritgerdarskrifa. Pekkingarnet Austurlands og allt
starfsfolk pess fa pakkir fyrir ad veita mér adstddu og adstod vid millisafnaldn og annad.
Peim sem deildu skrifstofu med mér 4 peim tima er lika pakkad fyrir heimspekilegar
umradur um allt sem ekki kom ritgerdarsmidum vid.

Sidast en ekki sist vil ég pakka innilega foreldrum minum, @ttingjum og vinum fyrir émeelt
umburdarlyndi 4 hinum ymsu fjarvistum minum { gegnum tidina vegna ritgerdarskrifa. Of
jolafri paskar og sumarfri hafa meira eda minna farid 1 pessa ritgerd og fjolskyldan og vinir
pvi verid afskiptir & koflum. M6dur mina Katjonu Edwardsen vil ég nefna sérstaklega fyrir
Ometanlega hjalp vid ad lesa yfir enskan texta ritgerdarinnar og storbata malfar auk pess
sem htin kom med skarpar athugasemdir um ymis efnisatridi.
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1 Almennur inngangur

Ungar af anda®tt Anatidae, eru bradgerir (flj6tproska, precox) og hreidurfelnir (nidifug).
beir yfirgefa hreidrid og elta foreldra sina fljotlega eftir klak og mata sig { flestum tilfellum
sjélfir frd byrjun, en treysta & reynslu foreldra vid ad finna bestu fa&dusvadin og vid vorn
gegn afreningjum (Batt 1992). Par sem ungar af andaztt eru ekki matadir, purfa peir ad
ganga 4 eigin forda pangad til peir komast sjalfir i adgengilega f&du. Vid klak hafa peir
ennpd leifar rauduforda sem peir geta notad i 2-4 daga ef onnur feda bregst (Sedinger
1992).

Ungar kafanda eru frabrugdnir ungum ymissa grdanda ad pvi leyti ad efnaskiptahradi
peirra er almennt harri og einangrun meiri. Svipadrar adlogunar metti venta hjd ungum
nordlegra tegunda. Ungar raudhofda, sem er frekar nordleg tegund, hafa hdan
efnaskiptahrada sem nagir { flestum tilfellum til ad halda 4 peim hita pétt einangrunin sé
nokkud lakari en hja nordlegum kaféndum (t.d. @darfugli) (Koskimies og Lahti 1964).

Ef feduframbod er negt geta ungar med hdan efnaskiptahrada haldid 4 sér hita i langan
tima. En par sem fa&da er gjarnan takmarkandi péttur { vidkomu andarunga (Arnpér
Gardarsson og Arni Einarsson 1994) er 6dyrara ad draga tr hitatapi med ymsum
atferlistengdum pattum svo sem med pvi ad kura undir veengjum kollu 4 landi 1 stad pess
ad hvila hver { sinu lagi ut 4 vatni. Kuldapol unga getur haft ahrif 4 hépasamsetningu par
sem ungar kuldapolinna tegunda eru ekki eins hadir pvi ad kolla liggi 4 peim. Fjoldi unga
sem fylgir hverri kollu hettir pvi snemma ad vera hadur pvi hve mérgum ungum kolla
getur legid 4 (Koskimies og Lahti 1964) og er pad dkvedid skilyrdi fyrir pvi ad storir
ungaflekar geti myndast.

I pessari athugun var skodud samsetning og atferli ungahépa hja fjérum andategundum.
Tegundirnar voru raudhofdi Anas penelope, skafond Aythya fuligula, hisond Bucephala
islandica og ®dur Somateria mollissima. Hja 6llum pessum tegundum eiga ungahdparnir
pad til ad renna saman { stéra ungahdpa og geta peir jafnvel myndad stéra ungafleka med
einni eda fleiri kollum sem fylgja hépunum. Hvort og ad hve miklu leyti slikt gerist fer
eftir ymsum umhverfispattum og hefur verid nokkud vel skodad hja @di en minna hja
raudhofda, skifond og hdsond. Fyrir utan ®di og hisond sem tilheyra deild sjéanda
Mergini, tilheyra hinar tegundirnar 6likum deildum andfugla og allar prjar tegundir eru um
margt mjog Olikar. Zdurin elur unga sina upp & sj6 en hinar tegundirnar & ferskvatni.
Ritgerdinni er skipt i tvo hluta eftir pessum 6liku busvadum.

I fyrri hluta verdur skodad atferli og hépasamsetning hja @di { Eyjafirdi. Varpvistfraedi
@dar hefur verid mikid konnud 4 sidustu dratugum og lengi vakid dhuga visindamanna.
Hérlendis nytur &durin nokkurrar sérstodu par sem hin hefur verid fridud fyrir veidum fra
1849 (Sja Olafur Elimundarson 1991 { Kristinn H. Skarphédinsson 1994) og bandur hafa
varid vorp fyrir afrdni. Morg vorp eru gengin reglulega til ad hirda din ur hreidrum en
fuglinn ad 60ru leyti latinn { fridi. I slikum vorpum verpa fuglarnir pétt og eru ekki eins
vidkvemir fyrir truflun af voldum manna (Avar Petersen & Karl Skirnisson 2001). Petta
tvennt gerir fuglinn adgengilegan til skodunar. Pratt fyrir pad hafa faar athuganir verid

gerdar 4 samsetningu og atferli ®darungahdpa hérlendis.



Vid athugun 4 varpvistfredi tegunda par sem samruni ungahdpa einkennir uppeldisadferdir
er edlilegt ad byrja 4 ®dinni. Pott tegundin hafi verid mikid rannsdkud erlendis eru
hugsanlega adrir pettir sem rada vali hennar 4 atferli og hépasamsetningu 4 fslandi par sem
adstedur eru frabrugdnar. Kannad verdur hvada adferdum durin 4 Islandi beitir og ad
hve miklu leyti pad samramist adferdum sem pekktar eru erlendis.

[ 68rum hluta er farid yfir sambzrilega en ekki eins itarleg athugun sem framkvaemd var 4
Myvatni og Laxd. Tegundirnar, raudhofoi, skifond og hisond eru einnig adrar og hegdun
peirra 4 ungatima ekki eins vel pekkt. Pad audveldar athuganir & pessum tegundum, ad
upplysingar um vidkomu peirra og nylidun, er safnad reglulega i Myvatnssveit (Arnpor
Gardarsson 1991, Arnpor Gardarsson & Arni Einarsson 1994, 2004). Einnig er vitad hvar
mestan péttleika ungahdpa er oftast ad finna og hvort sveiflur i feduframbodi eru 4 uppleid
eda nidurleid (Arnpor Gardarsson 1991). Par sem péttleiki pessara tegunda er nar hvergi
meiri en { Myvatnssveit hentar sva&did einkar vel til samanburdarrannsékna.

I pessari athugun er ungavistfradi litt kannadra tegunda borin saman annars vegar og hins
vegar @&0arfuglinn skodadur 4 svedi par sem hann hefur 1itid verid kannadur 4dur.
Athuganir 4 ungavistfraedi ®darfugls erlendis hefur gefid gridarmiklar upplysingar um pad
hvada adstadur leida til 6likra uppeldisadferda. Par sem fdar athuganir liggja fyrir vid paer
adstzdur sem eru 4 Islandi ber pé ad varast beinan samanburd vid pad sem pekkt er
erlendis. Nyjar breytur koma fram 4 hverjum stad og { 6llum tilfellum eru p@r margar og
samband atferlis vid adst®dur flokid. Ef nidurstodur gefa til kynna ad hegdun og
samsetning ungahdpa endurspegli dstand kollu og eda faduframbod svadis tel g ad

astaeda sé til ad staldra vid og kanna moguleika 4 frekari og athugunum 4 pvi sambandi.
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2 Spatial structure and behaviour of
eider broods Somateria mollissima in
Iceland






Abstract

Spatial structure and behaviour of eider broods were observed in Eyjafjordur, northern
Iceland, during the summer of 2002 and 2003. The number of broods peaked with 141
broods in late June 2003 while in 2002 the peak was 9 days earlier and much lower (83
broods). This together with smaller broods and few large ducklings was an indicator of
high duckling mortality in 2002. Broods were mostly tended by lone females (80-95%)
especially in 2003, possibly a consequence of good conditioned females and low predation
levels. Males were seen accompanying many broods in the beginning of the study period
(12-15 June), especially in 2003 (as much as 46% on 12 June in 2003). This might imply
that also males were in generally good condition and not hurrying to better feeding grounds
prior to moulting. The eider ducklings never roamed far from the female. Only during
feeding the ducklings were a little more dispersed. The greater spread of ducklings in 2002
suggests scarcity of food supply as compared to 2003. Ducklings spent most of their time
feeding (65%). Females spent less time feeding and more time in vigilance. Duckling
behaviour changed little between years but females spent more time feeding and preening
in 2003 and less time resting or in vigilance. This indicates that females wait with foraging
while on duckling feeding grounds, when food supply is scarce.

Utdrattur

Gerd og atferli ungahdpa hja @darfugli var skodad 1 Eyjafirdi 2002 og 2003. Hépar urdu
flestir 141 seint { juni 2003 en 2002 urdu hépar flestir 9 dogum fyrr og pd ekki nema 83.
Ferri og minni hépar 2002 samhlida faum stérum ungum, bentu til pess ad dénartidni hafi
verid ha . Flestir hopar fylgdu adeins einni kollu (80-95%). Petta var sérstaklega algengt
2003. Blikar voru { mérgum ungahépum { byrjun rannsdknartimabilsins (12.-15. juni) og
var pad einnig algengara 2003 (46% hopa voru i fylgd blika 12. juni 2003). Petta gaf til
kynna ad kollur og blikar hafi verid { gédu likamlegu dstandi. Ungar rafudu aldrei langt fra
kollu. Einungis vid f&dudflun dreifdu peir orlitid ar sér. Ungar voru orlitid meira dreifdir
2002 heldur en 2003 og ytir pad undir pa trd ad feda hafi verid 6adgengilegri pad ar.
Mestur timi unga for { fedundm (64%). Kollur eyddu minni tima { 4t og meiri tima { pad
ad vera & vardbergi. Hegdun unga breyttist 1itid milli dra en kollur eyddu meiri tima { it og
snyrtingu 2003 og minni tima i hvild og i pad ad vera & vardbergi. Petta gefur til kynna ad
kollur bidi med fedundm medan par eru 4 ungafedusvedum pegar f&da er af skornum
skammti.






2.1 Introduction

The common eider (Somateria mollissima) is one of the most studied birds of the high
latitudes. In Iceland, there has been an interest in the eider for centuries because of the
economic and socio-cultural importance of eiderdown (Skarphédinsson 1996).

Because of the high annual income from the eiderdown harvest in Iceland, eider farmers
have harvested down and protected nesting areas from predators for a very long time. For
the same reason, hunting this species has been prohibited since 1849 (reviewed in
Skarphédinsson 1994). The nesting birds concentrate in areas where predators are scarce
(del Hoyo 1992, Petersen 1999), and in protected nesting areas, nesting densities are high.
In areas where down is harvested regularly, the birds are not as sensitive to human
disturbance (Petersen & Skirnisson 2001) and are thus an easy subject for close-up
investigation.

Despite the above-mentioned factors and the large numbers of nesting eiders (about
250,000 nesting pairs (Skarphédinsson 1994), relatively few studies have been devoted to
the breeding ecology of the common eider in Iceland.

This study mainly focuses on the post-hatching behaviour and brood tending strategy of
female and young.

2.1.1 General remarks

The common eider belongs to the family Anatidae together with all other ducks, geese and
swans. The Anatidae have precocial young and are well adapted to an aquatic
environment. The young are covered with well-insulating down and leave the nest shortly
after hatching, very often following their parent(s) to the nearest stretch of water (Batt
1992).

Anatidae usually lay large clutches, and egg-laying can take many days. The incubation
period varies from 22 to 40 days, depending on factors such as egg size (Hoyo et. al 1992)
and the number and length of breaks taken by the incubating female (Bolduc &
Guillemette 2003). Development of the embryo often starts before the egg-laying period is
over. Nevertheless, hatching is more or less synchronous. This means that the
developmental stage of the ducklings within the same clutch can vary by several days at
hatching (Persson & Andersson 2003, Afton & Paulus 1992).

The common eider is a large diving sea duck, well adapted to life along the shores at
northern latitudes (Cramp 1977). It has a wide circumpolar coastal range and is the most
numerous breeding sea duck in North Europe (del Hoyo 1992).

Common eiders tend to form dense breeding colonies on small islands, where they to some
degree are protected against predators, but they also breed inland on tundra or up rivers. In
winter, they stay in shallow areas along the cost (del Hoyo 1992).

The eider ducklings have a metabolic response typical of a bird adapted to low
temperatures (Koskimies & Lahti 1964). Like other sea ducks, the eider ducklings are
more cold-tolerant than dabbling ducklings. Because of their relatively large size at
hatching, eider ducklings have a low mass-specific metabolic rate (Koskimies & Lahti



1964, Sedinger 1992). Yet, they have relatively high heat production, and they produce
50% more heat per weight unit than mallard ducklings (Koskimies & Lahti 1964). As a
further adaptation to cold climates, the female broods the young for up to two weeks when
roosting, especially in bad weather (Mendenhall 1979).

2.1.2 Breeding ecology

Pre-laying

Because of her size the eider female can rely almost entirely on her stored body reserves
during incubation and she hardly leaves the nest throughout the whole of incubation period
(Milne 1972) except to drink. During this time, the female feeds very little or not at all,
and she can lose more than one third of her body weight (Bolduc & Guillemette 2003).
Studies in Iceland show a weight loss of 26-37% (Hardardéttir 1997, Skirnisson et al.
2003), and a study in Denmark shows losses of more than 40% (Bolduc & Guillemette
2003). It is clear, therefore, that the common eider makes a very large reproductive effort.
Further credence is lent to these findings by those of Yoccoz et al. (2002) who found that
many females with a large clutch one year, laid a small clutch in the following year. We
also know that extensive non-breeding is frequent among eiders (Coulson 1984).

Prior to egg-laying the females spend as much time as possible feeding. Food intake can
be three times higher than for males in the same period (Milne 1972). The drake plays an
important role at this stage, keeping intruding males away and looking out for other
disturbances, so that the female can focus entirely on the feeding (Milne 1972). Weather
and parasites may also influence the pre-laying body condition of females. Exactly how, is
difficult to pinpoint but severe winters can cause larger individual variation of body
reserve (Lehikonen, Kilpi & Ost 2006) and later breeding dates (D’Alba 2007). Parasite
treatment during the egg-laying stage can increase the number of females returning to the
breeding area in the following season. The increase however, is only observed among
females that fail to hatch their clutch, indicating that the parasite load of females in poor
condition is high (Hanssen et al. 2003).

Clutch and incubation

Like other ducks, the female eider takes care of the incubation (Afton and Paulus 1992),
but males are known to stay in the near vicinity during egg-laying, and even during the

first part of the incubation. This tendency is said to be more pronounced in northern
latitudes (Gudmundsson 1932, review in Ahlen & Andersson 1970).

The onset of egg-laying in Iceland varies between areas and between years. A recent study
from southwest Iceland in a 30 years period gave a range from 22 April to 13 May. The
study showed that earlier laying dates are more common in recent years and onset was
negatively related to average winter temperatures (D’ Alba 2007).

The female eider lays relatively few (mean number of ruptured follicles: 6.2 (confidence
limits not given) n=19, possibly including re-laying (Ahlén & Andersson 1970)) and large
eggs (volume 104.7 + 0.2cm’, range 67.9-136.3 cm’, n=3315 (Erikstad 1998)), density
1.07g/cm’ at laying day, SD=0.02g/cm’, range 1.02-1.15g/cm’, n=43 (Kristjdnsson 2008)).
This may be seen as another adaptation to high-latitude breeding (Milne 1972) and a
consequence of costly incubation (Milne 1972, Erikstad & Tveraa 2004). Predation, floods
and parasitic egg-laying may alter the numbers of young that reach hatching stage. Studies
in Iceland have shown mean clutch size ranging from 3.34 (Hjorleifsdéttir 1977) to 4.13
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(s.d. = 1.03) (Petersen & Thorstensen 2001), but predation or re-nesting can vary much
between colonies and between years.

The incubation period of eiders varies considerably. It is most commonly defined as the
time from the laying of the last egg until the first is hatched (Erikstad et al. 1993, Hanssen
et al. 2002, Gudmundsson 1932). Incubation periods are estimated as follows: 24 days,
range 22-26 days (reviewed in Skarphédinsson 1994), 25.9 days, n=79 (Milne 1972), 22-
27 days, n=75 (Erikstad et al. 1993), 28-30 days (Gudmundsson 1932).

Another and possibly more accurate definition of incubation is the period prior to hatching
when the laid eggs have reached the temperature needed for embryonic development
(reviewed in Afton & Paulus 1992). As the nest attendance of eider females varies
individually, the embryonic development may start after the laying of the second to fourth
egg (Petersen & Thorstensen 2001, Hanssen et al. 2002). This probably explains, to some
degree, the observed variation in incubation time.

Females in poor body condition may start incubation well before completing the egg-
laying process, which then will shorten their starvation time. This will mean a shorter
developmental time for the last laid eggs (Hanssen et al. 2002).

Females with sufficient body reserves can afford to delay incubation until the whole clutch
has been laid. This gives the ducklings time to hatch fully developed, which again will
enhance survival of the whole brood (Hanssen et al. 2002).

Before the start of incubation, or during the laying period, the female may take shorter or
longer breaks away from the nest, leaving the eggs temporarily vulnerable to predators
(Bolduc & Guillemette 2003). A study in North-West Iceland showed that 70% of
unprotected nests were robbed by avian predators (Skarphédinsson 1993). Predation rates
differ enormously among eider colonies, but in areas where there is high avian predation,
the first laid eggs are the ones that are most likely to be taken (Skarphédinsson 1993).
Andersson and Waldeck (2006) found that early nest attendance could enhance clutch
survival by 20-35%.

Apart from the first laid egg (Erikstad et al. 1998), egg size generally declines as egg-
laying proceeds, and all the more so among females in poor condition (Hanssen et al.
2002). Smaller eggs produce smaller ducklings which are likely to show poorer feeding
performance (Anderson 2001 and Erikstad et. al 1998) and a lower growth rate than larger
hatched ducklings (Anderson & Alisauskas 2002 and Erikstad 1998).

Post-hatching

About 24 hours after hatching, the female leads her prood from the nest to the water
(Gudmundsson 1932, Minot 1980, Schmutz et al. 1982, Ost & Bick 2003).

Post-hatching strategies in the common eider have been studied in detail, and at times the
strategies observed seem as numerous as the studies performed. A summation of the main
points from papers yields a picture of a versatile bird that reacts to changing circumstances
with an array of different and often complex strategies.

It has long been known that some eider females abandon their young, leaving them in the
care of other females, while others, with or without their own ducklings, pick up unrelated
young or form a coalition with other females and young (multi-female broods). In the Gulf
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of St. Lawrence, Canada, and in Scotland, this behaviour is very common but in Hudson
Bay it occurs infrequently (Schmutz et al. 1982).

Gorman and Milne (1972) put forth a hypothesis according to which the different food
preferences of young and adult females explained, to some extent, the need for creche
formations (reviewed in Schmutz et al. 1982). The young mainly eat gammarids which
they pick up in the shallow intertidal zone. The females on the other hand, prefer mussels
(mostly Mytilus edulis) which they dive for in subtidal areas (depth range 0-12m) (Pethon
1968, Gardarsson et al. 1980, Schmutz et al. 1982, Ost & Kilpi 1999). Gorman and Milne
pointed out that in areas where the feeding grounds of females and young did not overlap,
the female would either have to stay in areas with enough food for the young, or leave
them to other females that arrive later at the brood feeding grounds, and move to more
suitable feeding grounds (reviewed in Schmutz et al. 1982). Ost and Kilpi (1999) found
that females with young took similar food as their ducklings, but immediately changed to
mussels after abandoning their young or when the young became old enough to dive for
mussels. They also found that by feeding on gammarids, the females were likely to be
infected by the acanthocephalan parasite Polymorphus minutus which can be fatal in low-
resistant individuals.

Munro and Bédard (1977) found that in many cases creche formation of eiders started
already on the way from the nest to the sea. In their study, there was much predation, and
creche formation was shown to have a small but clear positive effect on the survival rate of
the ducklings. Their study also revealed that predation pressure had a positive effect on
creche formation. Eider broods in close range of each other amalgamated twelve times
more often when encounters coincided with predation.

Bédard and Munro (1977) also found that females used different strategies and could, in
simplified terms, be categorised as "stayers" or "leavers". In later studies, added emphasis
has been placed on defining the different brooding strategies of the females.

Brood amalgamation also occurs before hatching, when females lay eggs in other females'
nests (parasitic egg-laying) (Weller 1959). This is common among waterfowl, and creche
formation might be seen as an extension of pre-hatching brood amalgamation (Beaucamp
1997).

Nest density is an important determinant of pre-hatching brood amalgamation, and if we
can presume that these two forms of amalgamation are affected in similar ways (Robertson
1998 & Waldeck et al. 2004), it is likely that density also affects creche formation. At
least, higher density makes encounters between broods more likely (Beaucamp 1997).

To complicate this picture even further, a study by Andersson and Waldeck (2007) showed
that parasitic eggs in nests of the common eider were more closely related to host eggs than
expected by chance. The parasitic eggs were more closely related to the host than to
females breeding at neighbouring nests. What has long been seen as parasitism in common
eiders, may therefore be a form of kin-based cooperation (Andersson & Waldeck 2007,
Sonsthagen 2010).

In recent years, Ost, Kilpi and co-workers have made a thorough study of post-hatching
brood strategies. They found that post-hatching body condition will affect the females'
ability to tend for young and may affect the spatial structure of the eider broods (Kilpi et al.
2001, Ost et al. 2003b).
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Females are often in poor body condition after their lengthy starvation period during
incubation, and females with little reserves are the ones most prone to abandon their
broods. The proportion of "abandoners" in the brood-caring population varies between
years depending on body condition and can in bad years be more than half the breeding
female population. Body condition of individual females could change notably from year
to year, and they would switch brood caring strategies between "tenders" and "abandoners"
accordingly (Kilpi et al. 2001).

Weather conditions during egg-laying and incubation may also affect body condition and
studies have shown that eiders that are provided with artificial shelter for nesting are
heavier than control females (Fast, Gilchrist, & Clark 2006).

Females that stay with a brood may do so alone or in a coalition with other females. Ost
(1999) found that multi-female broods were most common in years when body condition
was generally low. Females in poor body condition were often found in large coalitions,
and these females showed a lower intensity and shorter duration of parental care (Ost et al.
2003b). Single brooding females tended to be in the best condition (Kilpi et al. 2001).

Although the distance between preferred feeding areas of female and young may help
explain why so many females abandon their young, it does not explain the strong coalition
tendency. Like the “lone tenders”, the multi-female broods have to stay in feeding areas
that are suitable for the ducklings and often have to make do with the same non-preferred
food (Kilpi et al. 2001). Multi-female broods can, on the other hand, share the time each
individual female has to spend vigilant. That way, the brood has more time for other
activities, such as feeding, and still the total time spent vigilant may be higher than among
"lone tenders". Single females tending their brood, cannot take long dives without the risk
of missing predator approaches. With shared tending, longer dives can be made, and this
may broaden the diversity of available food (Ost et al. 2002).

In multi-female broods, the formation of a coalition is not influenced by kin selection as
might be expected in a population with high philopatry, but rather by body condition and
dominance hierarchies. The most dominant female maintains the central position in the
créche by means of aggression, with her own ducklings closest to her (Ost et al. 2005).

Ost et al. (2007) showed that the central female spent more time vigilant than other females
in the brood. Aggression and increased levels of vigilance undoubtedly entail costs but a
central position within a brood might give better protection against predator attacks. Body
condition does not ensure a central position in the brood and may explain why good
conditioned females may choose lone-tending as they can afford the needed vigilance and
by tending alone avoid stress or possible injuries following intra-group aggression (Ost et
al. 2007).

A female cannot care equally well for all young in a large brood. Both among lone- and
multi-tending broods there are often young, which are not offspring of the female(s) in the
brood. These adopted ducklings are on average distributed furthest away from the tending
female/s. A female often shows aggression towards unrelated young and may affect
duckling distribution so as to keep her own young closest to her where they are best
protected against predators (Ost & Biick 2003).

To conclude, possible brooding and post-hatching strategies for common eider are many
and depend on several conditions such as available food supplies before egg laying,
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predation and suitable nesting areas, availability of food for ducklings and accessibility of
preferred female feeding grounds. All this may affect the condition of the female, both the
energy reserves and the immune system.
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2.2 Methods

2.2.1Study area

Eiders were observed at the head of Eyjafjordur in northern Iceland, during the summer of
2002 and 2003. The innermost part of this 60 km long fjord is partly separated from the
rest by a spit of land (Oddeyri) which stretches transversely from the west bank into the
fjord (Figure 1). The area south of this spit forms a sheltered, semi-enclosed pool
(Pollurinn) of about 3 km? (Ingo6lfsson et al. 1972). The town Akureyri lies on the west
bank of Pollurinn (population 15.656 in the year 2003 (Hagstofa Islands 2008)). A road
built in 1986 divides the area in two (Valtysson and Jénsson 2000).

The inner part is the estuary of a river that carries with it an estimated average 38m’/s of
fresh water (P6rdarson 2004). The tidal range is about 0.6 m at neap tide and 1.3 m at
spring tide (Gunnarsson 1979). During low tide, sandbanks and mudflats are partly
exposed. A wide bridge allows the river to flow under the road and into the outer part of
Pollurinn. Here the intertidal sandbanks stretch about 300 m from the road to the north but
elsewhere Pollurinn is about 20-40 m deep (Ingdlfsson et al. 1972). Salinity is low and
variable (Hauksson 1980).

The road itself forms a rocky coastline that the eiders used as a resting and brooding place,
and they also foraged there with their broods.

An airfield lies on a landfill in the estuary, with grass and sand banks where eiders nest
abundantly (383 nests in 1987 (Petersen & Thorstensen 1990)). This was also a popular
resting and brooding site (personal observation). Eiders are the most abundant bird species
in the study area and counts from 1988-1992, 1995 and 2000 yielded an average of 169
nests outside the airfield; nest numbers were highest in the last two years, reaching 243 in
2000 (Petersen & Thorstensen 2001). The same survey showed that nest predation in the
area was low, 1-9% of all eider nests were predated.

The river frequently overflows its banks in spring. Some years this can greatly affect
nesting success. In the year 2000, 25% of all eider nests were destroyed in a spring flood
(Petersen & Thorstensen 2001). No flood was recorded in 2002 and 2003.

The main invertebrate species found in the intertidal areas are the polychaete worms Nereis
diversicolor and Arenicola marina and the amphipod species Pseudalibrotus littoralis
(Gardarsson et.al. 1976). Other common species were mussels (Mytilus edulis), barnacles
(Balanus balanoides), the periwinkle Littorina saxatilis and Gammarus spp. (Hauksson
1980). In the more muddy subtidal parts are found amphipods (Pontoporeia femorata) and
bivalves (Macoma calcarea, Nucula tenuis, Mya truncata) (Ingélfsson et al. 1972).

2.2.2 Weather and tides

Data were collected once or twice a day at different tides. There is little difference
between high and low tides (Gunnarsson 1979) and tidal status was not specially recorded.

Average temperatures, minimum temperatures and precipitation for the months prior to and
during the study period in 2002 and 2003 were examined. The winters in question were
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generally mild with rather high average temperature but there were certain divergences in
2002 that may have affected breeding of the eider. February 2002 was the coldest since
1979 (Figure 2) (Vedurstofa Islands web page). April and May also had difficult periods
with gales and lots of snow. The last cold period in 2002 was around the middle of May
with subzero temperatures (Vedurstofa [slands web page) which may have played a role in
nest initiation. Both summers were mild and wet with high and relatively even average
temperatures (+0.4°C in 2002 and +1.5°C in 2003) (Vedurstofa Islands web page).

2.2.3 Data collection and handling

Observations started a few days after the first broods were seen on the sea and continued
throughout June. At the end of June there were still broods in the area so extra observation
days were added, one in 2002 (6 July) and two in 2003 (4 and 8 July). In both years,
observations started on 12 June. The first broods appeared on the water in the first week of
June, and new broods kept appearing on the water throughout the month. Few broods (19)
were seen on the last observation day in 2002 but 72 broods were still seen in the area in
2003.

Only eiders on the water, in intertidal areas and on banks were surveyed. Scanning of all
eider groups in the study area was undertaken once or twice a day. Brood density,
behaviour and the distance from shore was recorded for each female and her brood. The
number of adult birds in each group was counted, and sex was determined.

The number of young was also counted and broods categorised into 5 different groups
depending on sizes of the young (Table 1).

Newly hatched ducklings (NHD) were kept separate in order to estimate brood size, before
amalgamation and mortality on water had taken place. To this group belonged ducklings
where no apparent growth had taken place.

Downy ducklings were divided into three different size classes (Table 1). Feathered
ducklings were not divided any further since few ducklings reached this stage during the
study period. As it was, few ducklings larger than SDD were seen so in many cases larger
ducklings were categorized simply as large ducklings (LD). As the ducklings were not
marked and growth rate varies considerably between broods, closer age estimation was not
possible. A study in northern Scotland showed that ducklings grew their first feathers 25
days old and fledged at approximately 84 days old (Mendenhall 1985). As the observation
period terminated after about a month the fledging stage had not been reached.

The density (brood radius) of broods was estimated as the maximum distance from a
female to the ducklings of her brood (Mendenhall & Milne 1985). This distance was
estimated in lengths of the female, which is a convenient method for short distance
estimation when points of reference are few. Each eider group was surveyed as a unit. An
eider group was defined as eiders closer together than 20 female lengths staying together
for longer than about a minute.

Instantaneous scanning was used to survey brood behaviour. Observed behaviour was
grouped into 5 categories (Table 2). The behaviour of females and young was recorded
separately. The behaviour of the ducklings was normally rather synchronised, and the
behaviour of a majority of the ducklings was recorded as the behaviour of the group.
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All observations were made from a vehicle. There was considerable road traffic in the area
but the birds were not visibly disturbed except when broods were crossing the road.

For each scan the weather was recorded. This information was supplemented with the data
bank of the Icelandic Weather Bureau which runs a weather station in Akureyri.

When comparing categorical response variables, such as duckling size (NHD LDD SD) or
behaviour between different broods or years (explanatory variables), the chi-square
statistic was employed (Sokal & Rohlf 1998). The brood sizes (median numbers) were
compared with nonparametric tests as well since the data did not follow a normal
distribution and sample sizes between groups varied sometimes drastically (Sokal & Rohlf
1998). When comparing only two response variables, a Mann-Whitney test was performed
but when they were more than two, a Kruskal-Wallis test was carried out. In the latter case
the Dunn’s method was used to isolate the broods whose medians differed more than
would be expected by chance (Sokal & Rohlf 1998). .

For all these nonparametric tests the null hypothesis held true when the response variables
were not affected by the explanatory variables. Alfa level of significance was in all
instances 0.05. All statistical calculations were performed with the help of statistical
analysis software, SigmaStat, build 3.11.0
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2.3 Results

2.3.1Eiders without broods

Few pairs were seen during the study period, none in July (Figure 3). Most pairs were
found on 12 and 13 June or during the two first days in 2003, but the numbers declined
rapidly from 12-13 pairs to 1-7 pairs and stayed at that interval through June. In 2002, the
numbers never exceeded 5 pairs and remained stable throughout June or until the study
period ended.

In 2003, unpaired birds without young were counted regularly (Figure 4). Males were seen
in flocks in the beginning of the period (up to 180 birds) but their numbers diminished
sharply as the brooding period proceeded. Single females, on the other hand, kept
appearing and were seen in similar numbers (10-40) throughout the brooding period. In
2002, four minimum counts were performed on 19, 20 and 25 June. These gave 46, 41 and
48 females respectively which suggests that in 2002 single females were more common.

2.3.2Broods

Already on 12 June, more than 50 broods were seen in the area. The average number of
broods was 46 in 2002 and 104 in 2003 (Figure 5). The number of broods grew rapidly
from 12-14 June but then took very different turns between years.

In 2002 the number of broods reached a peak of 83 on 14 June and then declined rapidly to
28 on 19 June. After that only small changes were seen between days until the survey
ended. In 2003 on the other hand, the number of broods kept rising for two weeks with a
peak of 141 on 23 June. It then started to decline, slowly at first and was still declining on
8 July, when the survey ended, with 72 broods.

The number of NHD broods varied between days but was in general highest in the
beginning of the period and then declined in number as the brooding season progressed
(Figure 6). In 2002 there was a rather abrupt decline in the number of new broods and
after 16 June, hardly any new broods were seen at all.

Single- and multi- female broods

Single females tended most broods. The multi-female broods were not common, more
abundant in 2002 (18%) than in 2003 (8%) and mostly consisted of 2-4 females. In 2003
the proportion of multi-female broods was highest (20%) in the beginning of the period
and declined to around 5% after 25 June (Figure 7). In 2002 a similar decline was seen in
the beginning of the period, but after 18 June the proportion of multi-female broods varied
from 8% to 33% between days. This same period was characterized by low numbers (25-
36) of broods.

More than 50% of the eider broods consisted of small downy ducklings (SDD) (Figure 8).
Few older ducklings were seen and hardly any feathered ducklings (FD), none in 2002. In
2003, single- female broods had proportionally more large ducklings than multi-female
broods and proportionally fewer young ducklings. In 2002 this was the other way around
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but as the number of broods was much lower, this difference was not significant. Broods
with ducklings of different size classes were not common.

The single-female broods had proportionally fewer large ducklings in 2002 than in 2003
(Figure 8). This was the other way around with multi-female broods, having
proportionally more large ducklings in 2002 than in 2003, the difference was not
significant.

Male accompanied broods

Adult males were commonly seen accompanying broods in the beginning of the period
together with one or more females, and in 2003 the proportion of such broods reached 46%
on 14 June (Figure 9). Similar behaviour was seen in 2002 but the males left earlier and
the proportion was highest on the first day of observation (24%). These males soon left the
area and the proportion of male attending broods became rare in the second half of June.
No such broods were seen in July.

Males were more common in multi-female broods. In 2002, 27% (n=126) of multi-female
broods were accompanied by males, but only 7% (n=643) of single-female broods. In
2003, the difference was less clear with 13% (n=193) of multi-female broods and 5%
(n=2154) of single-female broods accompanied by males.

As numbers of broods where males accompanied along with females were few, testing for
significance became difficult. No difference was found in duckling size distribution
between years among male-accompanied broods. The occurrence of NHD broods was
much higher among male-accompanied broods than among single-female broods (Figure
10).

Brood size.

The largest broods were the ones first arriving onto the water, the NHD broods (Table 3)
with a median of 4.20-4.45. As the ducklings got older the broods got smaller. The
broods were generally larger in 2003 than in 2002 and their size decreased only slightly as
the ducklings got older, whereas in 2002 the median fell from 4.20 among the NHD to a
median brood size of 3.02 among the larger ducklings.

The frequency distribution of brood sizes in 2002 had some features worth mentioning, the
first being a high proportion of NHD broods containing four ducklings (Figure 11). Also
noticeable was the abundance of single duckling broods in 2002 among the SDD and LD
categories indicating high mortality. The brood size distribution in 2003 forms a curve that
is much closer to a normal distribution than in the previous year. But also here, small
broods become more prominent among the older ducklings.

The brood size increased when extra females were involved (Figure 12 and table 4). The
frequency curve becomes less skewed than among the single-female broods and the shape
is more platykurtic indicating that these females were tending more than one brood.

Numbers of multi-female broods were too low to divide them up into age classes but as
with the single-female broods, the brood size was larger in 2003 (median= 5.70) than in
2002 (median 4.68).
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The brood size of the NHD became smaller as the summer proceeded (Figure 13). In 2002
the NHD broods diminished abruptly after a few days and only 17 broods were seen in the
second half of the study period (21-30 June). However, observation days were only 4 in
this period and that explains to some extent the low number of broods recorded. Single
duckling broods were common in this latter period and the median lessened from 4.23 in
the first period (12-20 June) to 2.83 in the latter period.

In 2003 the change in brood size was not so dramatic. Still the brood size declined slightly
as the summer proceeded from a median of 4.72 to 4.04. The broods were larger in 2003
than in 2002. NHD broods with more than 5 ducklings were rare at all stages.

2.3.3 Behaviour

Ducklings and females spent most of their time feeding (Figure 14). Other frequent
activities were locomotion, resting, and inactive/vigilance. The same behaviour categories
were found among young and females but a very prominent difference was found between
the two in time spent on each category: Ducklings spent 65 % of their time feeding while
females spent only 40%. Both ducklings and tending females mostly dived for food but
feeding with only head under water was also common (Figure 15).

Ducklings spent more of their foraging time diving than the females while the females
were more often seen feeding with only head under water. Up-ending was hardly
encountered among ducklings but was occasionally seen among females. Dabbling was in
general uncommon, more so among females.

Even if the time spent feeding did not change drastically between years, the feeding
methods did. Much more time was spent diving in 2003 than in 2002, among both young
and females. Another feeding method which was overlooked in 2002 was “trampling” in
shallow waters. Only the females were seen doing this and only over mud bottom. In one
case the female was not seen feeding herself while “trampling”, but her ducklings were
diving frantically around her, catching the particles she stirred up with her feet. This
feeding method was recorded 32 times in 2003 but may have been more common as it was
easily overlooked and probably also occurred in 2002. This behaviour was categorised as
“head under water” to be in accordance with the previous year.

Females and young spent similar time on locomotion but females spent much more time
vigilant and on other behaviour (mostly preening) which was rather rarely seen among
ducklings.

The inactive category and vigilance were put together in one category but could almost be
divided into inactive young and vigilant females. When females were seen inactive they
were mostly alert if not directly stressed with stretched neck and frequently turning their
heads. The young on the other hand were rarely seen stressed except immediately after
distress calls from female or when directly threatened by potential predators. Their stress
reactions would also be very different, as they would gather in a dense cluster around the
female.

At Pollurinn a road on a causeway divides the duckling feeding ground in two. Females
with broods were often seen to cross the road, and this activity seemed to stress both the
female and her young.
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Adult birds appeared to cooperate in getting the broods safely across the road. In one
instance, a brood with three females and three males tried to cross while cars were passing
at irregular intervals. One male lay closest to the road while the rest lay further away
pressing their bodies to the ground. Twice, the male closest to the road went to the road’s
edge with a stretched neck as though he was carefully watching the road, and then he
turned back when a car rushed by. The third time, the male went onto the road and stood
there with a stretched neck until the rest of the group caught up with him; then they all
crossed together in a very dense group. In another instance, two females led a brood over
the road. When safely on the other side, one of the females left the group, as though she
was only following the brood over the road. Single males or paired birds without broods
were otherwise only seen flying over the road.

The behaviour of the females and their young differed slightly between years. The
difference was not prominent among the ducklings, but females spent less time vigilant and
resting in 2003 and more time on feeding and other behaviour.

Intra-brood density

Almost no ducklings were seen further away from the brooding female than 10 female
lengths (Figure 16). Between 50-80% of NHD and SDD were seen in dense groups closer
than 5 female lengths from female. LDs were seen in more loosely packed groups but still
close to female (closer than 10 female lengths).

There also existed a difference in duckling density that could not be explained with
duckling size alone, ducklings were most densely packed during rest and most widely
distributed when feeding (Figure 17). The ‘“vigilant/inactive” category has been
incorporated into “other behaviour” for simplification and strengthening of the data. This
did not affect the density distribution of the category.

Density of NHD and SDD broods was greater in 2003 than the previous year. The LDs
showed a more similar distribution between years. Density within broods did not change

much between years except among the feeding ducklings which were more loosely packed
in 2003.

2.3.4 Predation

Predation was rarely recorded. On five occasions, large gulls (herring gull Larus
argentatus, great black-backed gull Larus marinus and lesser black-backed gull Larus
fuscus) were seen hovering over and attempting to take young on the water, but the defence
of the female was in all cases effective. Three times gulls were seen with dead duckling
prey. On two occasions, an American mink Mustela vison was seen with a greylag Anser
anser gosling prey.
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2.4 Discussion

2.4.1 Adult eiders without broods

Not many eider pairs were seen in the area except on 12 and 13 June in 2003 (Figure 3).
The breeding period of the eider is rather synchronous (Ahlen & Andersson 1970). If we
assume that the incubation period is 22-26 days (reviewed in Skarphédinsson 1994), the
paired females seen, mostly in the beginning of the study period 2003, may have been the
last females to start incubation of their first clutch. This is in accordance with Milne
(1972) who found that egg-laying in north-east Scotland was spread over a three week
period.

The onset of egg-laying in Iceland may vary by as much as two weeks between years
(D’Alba 2007). It is difficult to find a direct relationship between climate and laying dates,
but Lehikoinen (2006) found that the variation in laying dates decreases with increasing
NAO value. In south-west Iceland, a negative relationship was found between the onset of
egg-laying and average winter temperatures (D’ Alba 2009). No studies on the relationship
between the onset of egg-laying and weather is available for the Eyjafjordur area and
different factors might play a role in the north of Iceland than in the south. The winters
during my study period were mild, although some very cold periods in 2002 (Figure 2),
may have influenced both the synchrony and onset of egg-laying.

Unpaired birds were seen in some numbers in both years, but were only counted
systematically in 2003. The males were aggregating and departing on 12 June when the
study started and most of them had left on 16 June Figure 4). Male eiders start moulting
soon after the hatching period begins (Gudmundsson 1932) and these aggregating birds
were in all probability leaving for the moulting grounds.

The males in the breeding area may have been waiting for females that fail their first
breeding attempt. If they fail during egg-laying or early incubation the female might try
again and then she will need an available male. On the other hand females that lose their
clutch late in the incubation period are unlikely to try a second breeding attempt (Milne
1972, Schmutz et al. 1982).

Paired males spend energy guarding their mates before egg-laying and feed less than non-
paired males. Males paired to late breeders spend more time protecting their females
against male harassment, and their energy balance may therefore become negative during
the breeding period (Steele at al. 2007). Studies in Iceland have shown that males will stay
in close vicinity of their incubating females, and even if they allow themselves frequent
breaks away from the nest, they feed little (Gudmundsson 1932). Presumably the body
condition of males, as of females, is negatively correlated with the severity of the
preceding winter (Steele et al. 2007). As the males do not accumulate body reserves to the
same degree as the female, it is reasonable to assume that the males need to get to richer
feeding grounds earlier, to prepare themselves for the moulting period.

Unpaired females without broods were seen throughout the breeding season. Not all
females were counted in 2002 but minimum counts suggested that single females were
more abundant than in 2003. Females that lose their clutch early in the incubation period
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may come back to the nesting ground after having been gone for several days (Schmutz et
al. 1982).

Single females seen in the area might have been either non-breeding females or females
that failed in their breeding attempt (Schmutz et al. 1982). They might also simply be
incubating females taking a break to drink or preen their feathers (Boulduc & Guillemette
2003, Criscuolo et al. 2000). Females in poor condition may even take longer breaks to
feed. This will lengthen the incubation period and presumably increase the risk of egg
predation but can save the female from having to abandon the clutch completely or from
starving to death on the nest (Criscuolo et al. 2002).

2.4.2Broods

In both years of study, field observations started on 12 June, and already on the first day,
there were 50 broods in the area (Figure 5). This is in accordance with Gudmundsson
(1932) who found that the hatching period of common eiders in north-west Iceland began
in the first or second week of June (5-8 June) depending on the timing of the spring.

The number of NHD broods varied between days but was, as expected, highest in the
beginning of the period (Figure 6). The two summers started out with similar numbers of
NHD broods, but in 2002 there was an abrupt decline in numbers and few new broods
appeared after 16 June. In 2003, on the other hand, new broods kept appearing on the
water, and a decline was not seen until 26 June. If we assume that the young reach the
water 24—48 hours after they hatch, and are categorized as NHD for 2-3 days, then we can
conclude that peak hatching occurred on 9-11 June in both years.

Females that nest late may gain more reserves prior to breeding because of increased food
availability. Ducklings produced by late-nesting females may, however, experience
reduced food availability if they hatch after the peak in invertebrate abundance. Thus the
cost of late hatching may be reduced duckling survival. In contrast, good-condition
females can nest earlier, thereby increasing the survival of their ducklings (MacCluskie &
Sedinger 2000).

A severe winter climate can have a negative effect on eider body condition (Lehikoinen et
al. 2006). A study on northern shovelers (Anas clypeata) in Alaska showed that the
females with the best body condition started breeding early (MacCluskie 2000). The
abrupt decline in 2002 in the number of female eiders with new broods might indicate that
females were generally in poor body condition, and only females with the largest reserves
tried breeding at all.

The explanation of day-to-day variations in recorded brood numbers (Figure 5 and 6) may
be that counts were performed at different tides. Milne (1972) found brood counts at high
water inaccurate because at that time, the ducklings tended to stay in dense clumps,
frequently brooded by a female. Another study showed that feeding activity peaked in the
morning and evening and on a rising mid-tide. At mid-tide, the food supply of the eider is
most easily accessible (Milne & Reed 1974) and this may explain the peaks in the brood
counts.
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However, even if the young were not foraging during counts, I expected the broods to be
visible on the barren banks close to the water edge. Minot (1980) also found that broods
were led to the water at different times depending on predation, tides, currents and times of
day. Currents and predation hardly play a large role in Eyjafjordur, but tides might affect
the departure of new broods from the nest and so influence the number of broods on the
water at each count.

Single- and multi-female broods

Most broods were tended by a single female especially in 2003 (80-95%) (Figure 7).
Generally the abundance of multi-female broods seemed to decline as the brooding period
proceeded, but in 2002 there were a few days where the proportion of multi-female broods
rose to around 30%. On these same days, the number of broods was low.

The generally low frequency of multi-female broods is interesting. This may be related to
low predator abundance (personal observations) and can be seen as an indicator of good
condition females. Although multi-female tending might be the strategy of females in poor
body condition, high duckling mortality is likely to promote it, as females that have lost
most or all their own ducklings, are likely to be attracted to other broods.

The proportion of NHD ducklings was higher among multi-female broods than among
single female broods in 2003. This is in accordance with Ost (1999) who suggested that
multi-female tending would be dominant the first week or two, while ducklings depend on
brooding. In 2002, this was the other way around. Larger ducklings become more
common among the multi-female broods than among the single-female broods. This was
probably caused by the high duckling mortality with consequent abundance of brood-less
females, showing other broods at least temporal interest.

More than 50% of the eider broods consisted of small downy ducklings (SDD) (Figure 8).
Older broods were few, especially in 2002 (11% of broods). In 2003, a proportionally
higher number of broods consisted of large ducklings (21%).

It takes ducklings 25 days to grow the first feather (Mendenhall & Milne 1985), and break-
up of family units begins when ducklings are about 7 weeks old (Ost 1999). This study
took no more than 25-27 days. Feathered ducklings should therefore have started to appear
just before the study ended and then we still had a long way to go until family units would
start to break up.

As new NHD kept appearing on the water throughout June, we would need another month
to find the mortality rate of ducklings. In 2002, the number of NHD declined very rapidly
after 17 June, and very few birds were left in the area when the study period ended. All the
ducklings that appeared on the water before the 17 June should have reached MDD stage
by the end of the period. Few did so, and no feathered ducklings were found. By the end
of the study period, very few broods were seen in the area at all and this suggests high
mortality for ducklings in the SDD stage. In 2003, on the other hand, the number had
hardly started to decline when the study ended.

I cannot exclude the possibility that females with SDD broods left in search of better
feeding grounds outside the study area. As the ducklings grow, their diving ability
improves (Nielsen 1998). In the main study area, with high duckling densities,
competition for food may be high. When the ducklings no longer depend on brooding and
have gained minimum diving ability, the female takes her brood to mussel areas further out
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in the fjord. At what stage this happens I cannot say. Swennen (1989) found that at three
weeks of age the ducklings will have a bill size large enough to handle small bivalves (2-
3cm long shells).

In 2003, there were a few feathered broods in the area, and LDD were seen in some
abundance, so at least part of the older broods stayed in the study area in 2003. Time of
departure may, however, vary between broods and between years. If there is no food
supply for the ducklings at the head of the fjord, as may have been the case in 2002, the
females may have left the area with their broods in search of better feeding grounds
elsewhere.

A few broods were seen along the coast on both sides of the fjord outside the study area.
These broods were not older than the ones at the head of the fjord, and no broods were
seen travelling from the study area to the north.

Male-accompanied broods

In the beginning of the period (12-14 June), males were seen accompanying many broods
and the proportion of such broods rose to 46% in 2003 (Figure 9). Similar behaviour was
seen in 2002, but the males left a little earlier and their number was already declining after
the first day.

Males were often seen accompanying the youngest broods (Figure 10), something that
suggests that they were not choosing broods at random. Males were more commonly seen
in multi-female broods. This may be a consequence of the abundance of multi-female
broods in the beginning of the period when males were still abundant in the area.

I do not know if the accompanying males were paired to the brooding females, but on
many occasions paired females without a brood or on the nest, showed distress/aggressive
behaviour when other males got too close. Very few such encounters were seen in male-
accompanied broods. This shows that the females are not tolerant towards alien males and
indicates that the accompanying male was paired to a female in the brood.

Male nest fidelity has been said to be prominent in northern areas, possibly due to heavy
avian predation and low clutch size (Ahlén & Andersson 1970). Both nest and duckling
predation was low in Eyjafjordur. This does not exclude brood defence as a possible
reason for males to stay with his female and her brood while ducklings are most vulnerable
to predator attack. If re-nesting occurs even after a full incubation period, it will pay off
for the male to stay with the female as long as his body condition allows him to.

Brood size

As might have been expected, single-female broods were largest when the young first
arrived onto the water (Figure 11, Table 3). NHD broods were a little larger in 2003, and
they only decreased slightly as the young got older. In 2002, the broods decreased greatly
in size as the ducklings grew older, an indication of high mortality. Small NHD broods
can indicate one of several causes, including high nest predation, predation on the way
from nest to the sea or poor body condition among females.

Females with small clutch sizes tend to have reduced nest success (Hanssen 2004). They
are prone to abandon ducklings (Erikstad et al. 1993) and have a reduced return and
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survival rate (Yoccoz et al. 2002). We can only conjecture about duckling mortality before
they reach the water since broods were not followed from the nests.

The high incidence of NHD broods with four ducklings in 2002 was possibly an effect of
the small sample size. Ost (1999) found that one female can easily brood 10 newly
hatched young. As predation was not high, it is unlikely that the high abundance of four
ducklings in a brood is related to the brooding or protection capability of the female.

The high proportion of single ducklings in the SDD age class in 2002 is yet another
indicator of high mortality, something that is highlighted further by the small brood size of
older ducklings.

2.4.3 Behaviour

Both females and ducklings spent most of their time feeding (Figure 12). The young spent
much more time feeding than the female. They fed almost constantly and relied entirely on
the female for predator protection. The female also spent much time feeding, but unlike
the ducklings she would also spend considerable time in vigilance.

The females not only spent much less time feeding, they used other feeding methods than
the ducklings (Figure 13). They dived less and fed more often with only their head under
water or occasionally up-ending. The females were always on the lookout for possible
danger even between diving bouts. This is in accordance with Ost et al. (2002) who, as
mentioned earlier found that dives interfered with the females' ability to detect predators.
Broods were mostly seen in very shallow waters, and in many cases, the female could
probably reach the bottom without diving. The duration of each dive was not measured;
therefore, we cannot confirm whether females with young were making shorter dives than
females without broods.

Diving is the most energy demanding feeding method available to the eider, and the female
will not gain from it unless she can reach abundant, good quality food supplies. If the food
supply in the brood feeding area is scarce, the female might delay foraging so as not to
compete for food with her own ducklings. The ducklings, on the other hand, may not have
as much of a choice. Even up-ending does not get them very far when they are small.
They do not have the same reserves as the tending female and cannot wait with feeding.
Until they can dive deep enough to use other feeding grounds they must find food in the
shallow areas closest to the shore.

By “trampling” over mud bottom in shallow water, the females stir items of food from the
bottom. Even though this method was only seen used by females, the ducklings gained
from this by reaching food items that would otherwise be less available to them.

Females spent more time preening (incorporated in the category ‘“other”) than the
ducklings (Figure 12). Possibly more time is spent preening among adult birds than among
downy ducklings, in general, but ducklings also neglect preening when starving (Swennen
1989).

As the female and her brood always stay close together, it is natural that the same amount
of time is allocated to locomotion. In both years, a considerable amount of time, or 20—
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23%, was used in locomotion. The broods were never seen making long-distance journeys.
The observed trips consisted mostly of moves between the best feeding spots, depending
on tides and currents, and trips between brooding areas on land and the feeding grounds at
sea.

Females spent more time feeding and preening and less time resting or in vigilance in 2003
than in 2002. This, together with the fact that almost only early-breeding females were
seen arriving with broods onto the water in 2002, indicates that only the best conditioned
females managed to hatch young that year. These high quality females have an effective
brood tending behaviour, with high vigilance and spend less time on preening and feeding.
In 2003, a broader spectrum of females may have been present, generally in better
condition than in the year before; they showed a wider variety of brood tending behaviour
and some showed a more relaxed attitude with less vigilance, more preening and more time
spent on feeding in comparison with 2002.

Both ducklings and females spent proportionally less of their foraging time diving in 2002.
As so much energy goes into diving it may not have paid off to dive for sparsely
distributed crustaceans. However, this also implies a different distribution in the food

supply.

Visible interaction between individual birds, other than between the female and her brood,
was not often observed. Encounters were mostly seen as aggressive behaviour in females
when males, or sometimes other females, came too close. Females were also seen showing
aggressive behaviour towards certain ducklings in their own broods. In one instance a
female constantly picked on a duckling that would then dive and appear in the middle of
her brood. She would find him again and pick at him until he dived again. This went on
for a while until the duckling gave up and kept a certain distance from the brood. Ost and
Bick (2003) suggest that the female distinguishes her own young from adopted ducklings
which are forced by female aggression to accept the less favourable positions in the brood.

Brood density

Eider broods were densely packed at all times. When females were resting or swimming,
brood density was highest. At rest, the female often brooded only the youngest ducklings,
and older ducklings lay in a dense heap nearby, or together with the female. When shifting
between locations, the female normally swam ahead with a densely packed group behind
her. In some instances though, the ducklings moved ahead, with the female right behind
them.

Young were exclusively seen preening on land, normally before resting, and they were
then already piled together ready for their rest. When ducklings became alert, their first
reaction would be to get as close to the female as possible. Only during feeding would the
brood be a bit more dispersed around the female.

Close proximity to the female is especially important where the risk of aerial predation is
high. A study made in Scotland showed increased predation in bad weather when
ducklings were most dispersed from the female (Mendenhall & Milne 1985). During the
few predator attacks observed in this study, the ducklings would stay mostly under the
wing of the female or as close as possible.

If gull predation were the main reason for dense distribution of the young, we would
expect the density to lessen as the ducklings grew older (Figure 14). This was partly the
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case as LD ducklings were more loosely distributed around the female than smaller
ducklings. But still, ducklings were rarely seen further away from the female than 10
female lengths. Even adult eiders will form relatively compact flocks outside the breeding
season, both when feeding on water and roosting on banks (reviewed in Milne 1972).

Close proximity may be more important in a species adapted to the open sea, where wind
and wave conditions on a large uniform surface makes it easy for ducklings to get lost, and
distress calls may not carry far. Possibly, being a diver makes it more important for the
eiders to stay close together: when they are underwater, the female will find it hard to
locate stray ducklings.

If the food supply is sparsely distributed, the ducklings will have to choose between
security close to the female, or more efficient food uptake by straying further away.
Starving ducklings will stray further from female and will be susceptible to bird predation
(Swennen 1989). This may explain the difference we see in the density of feeding
ducklings in 2002 and 2003. The greater spread of ducklings in 2002 suggests more
intense search for food and a scarcity of food supply as compared to 2003
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2.5 Conclusion

Researchers have come a long way since Bédard and Munro (1977) documented that eider
females use different post-hatching strategies and can be categorised as "stayers" or
"leavers". Later studies emphasised fine-tuning the definition of these strategies, and today
a range of well-documented methods are known to be adopted by eider females in various
environments.

Post-hatching body condition affects the female’s ability to tend their young and the spatial
structure of eider broods (Kilpi et al. 2001, Ost et al. 2003b). Females that stay with a
brood may do so alone, or in collaboration with other females. With shared tending and
vigilance, longer dives can be made, increasing food availability and broadening the
diversity of available food (Ost et al. 2002). In multi-female broods, the most dominant
female maintains the central position in the créche by means of aggression, with her own
ducklings closest to her (Ost et al. 2005). Aggression and increased levels of vigilance
entail costs, but a central position yields better protection against predator attacks (Ost et
al. 2007). Females that are in good condition, can afford to spend the necessary time on
vigilance alone, and may choose lone-tending, thus avoiding stress and possible injuries
following intra-group aggression. A female cannot care equally well for all the young in a
large brood. The tending female will try to control duckling distribution so as to keep her
own young closest to her and the adopted ducklings further away where they are more
vulnerable to predator attacks (Ost & Bick 2003).

This study focuses on the post-hatching behaviour and brood tending strategy of female
and young in two summers, 2002 and 2003. The number of broods differed between years,
with an earlier and much lower peak in 2002. Together with smaller broods and few large
ducklings, the low and early peak was an indicator of high duckling mortality in 2002.
Broods were mostly tended by lone females but, surprisingly, males were seen
accompanying many broods in the beginning of the study period. Both single-female
broods and male-accompanied broods were more common in 2003, something that may be
seen to be an indicator of good condition in adult individuals. It may also mean that when
food is in abundance on the duckling feeding grounds, adults are not pressed to leave for
better feeding further offshore, where the young cannot follow.

The ducklings never roamed far from the female, but a greater spread of ducklings in 2002
again suggested scarcity of food supplies, as compared to 2003. In 2002, females spent
less time feeding, and more time on vigilance, something that suggests that they have to
postpone foraging while in the duckling feeding area, when food is scarce.

Results show that strategies were generally comparable with studies elsewhere and gave
strong indications of different food supplies between the years and some less clear
indications that adult birds were in general good condition. However, the finding of males
accompanying broods at the beginning of the period was new to me, and I have found no
other reference to such behaviour in Iceland, although Gudmundsson (1932) mentions
males staying in the vicinity throughout the nesting period. It would be interesting to find
out how common this behaviour is, and to study the strength and duration of the males'
coalition with the nesting females and, later, their broods. As eider males in Iceland have
been known to stay with the females throughout the nesting period, an abundant food
supply in the duckling feeding area might explain why it took the males a few days to
realize that they were free to go. Further research is needed to explain this behaviour fully.
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Studies have so far provided ample documentation about the conditions that lead to various
kinds of strategy. If certain strategies are known to be adaptations to specific sets of
conditions, can we consider the strategies in question indicators of certain conditions?

Documenting the post-breeding strategies of the eider may be more easily accomplished
than carrying out e.g. condition studies of adult birds so the gain is there. This study
showed first and foremost what strategies this versatile bird uses in an area where it has not
been much studied. But it also showed that with the accumulated knowledge on post-
breeding behaviour we can by looking at breeding strategies gain certain information on
other aspects of the eider ecology such as food abundance and possibly also body
condition. However the variables are many and so far behaviour can only give us an
indication of physical condition. Further studies into the relationship between the
condition of animals, their surroundings and the type of breeding strategies observed may
strengthen those indicators and the eider in Iceland is an accessible and interesting subject
for such studies.
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Figure 1. Map of the study area. The innermost part of Eyjafjorour in North Iceland.

33



Temperature C°

12

10

~Q-- 2002
%7+ 2003 .V
—l— 30 year average d
O
I 1 | I 1 |
January February March April May June

Figure 2. Average temperatures prior to and during the brooding period. The 30 year
average is from 1960-1990.
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Figure 3. Number of eider pairs in the study area on 12 to 30 June 2002 and 2003.
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Figure 5. Total number of eider broods in the study area in 2002 and 2003. The average
number of broods was 46 in 2002 and 104 in 2003.
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Figure 6. Total number of NHD broods during the study periods of 2002 and 2003.
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Figure 7. Number of multi-female broods seen in the study area in 2002 and 2003.
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Figure 8. The duckling size among single- and multi-female broods. N = number of
broods. In 2003, larger ducklings were more common among single-female broods (Chi-
square = 9.120, d.f. 2, p = 0.010). Among single-female broods there was a significant
difference in duckling size distribution between years (Chi-square = 20.966, d.f. 1, p <
0.001).
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Figure 9. Broods with male attending as well as one or more females.
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Figure 10. The duckling size among broods where males were attending together with one
or more females. Male-accompanied broods had a much higher proportion of NHD
broods than single-female broods (Chi-square = 44.2435, d.f. 2, p<0.001).
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number of broods.
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Figure 13. Size distribution of single-female NHD broods in two different periods in 2002
and 3003. N = number of broods and OD are number of observation days. The brood size

of the NHD became smaller as the summer proceeded (Table 5).
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Figure 14. Behaviour of females and their young. A difference was found in time spent on
each category between the two groups (Chi-square »p02 = 129.544 and chi-square 3003 =
467, d.f. 4, p<0.001). The behaviour of the females and their young differed between years
(Chi-square gomae = 70.011 and chi-square young = 24.671, d.f. 4, p<0.001).
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Figure 15. Feeding methods of females and their ducklings. The frequency of different
feeding methods differed between ducklings and females (Chi-square o2 = 27.203 and
chi-square 2003 = 138.525, d.f. 3, p<0.01). Ducklings spent more of their foraging time
diving while females were more often seen feeding with only head under water. Less time
was spent diving in 2002 than in 2003 among both young and females (Chi-square young -
54.991 and chi-square fomaies = 30.703, d.f. 3, p<0.01).
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Figure 16. Within-brood density versus duckling size 2002 and 2003. Density is measured
in female lengths (f.l.). The broods became more loosely packed as the ducklings grew
older (Chi-square 2002 = 23.440 and chi-square o3 = 220.486, d.f. 4, p = <0.001).
Density of NHD and SDD broods was greater in 2003 than in 2002 (Chi-square ypp =

12.156 and Chi-square spp = 42.795, d.f. 2, p = <0.001,).
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Figure 17. Within-brood density in relation to behaviour of ducklings. F.l. is the radius of
the brood measured in female lengths. The vigilance/inactive category was incorporated
into “other behaviour”. Duckling behaviour affected the density within the broods (Chi-
square 002 = 96.816 and chi-square 3093 = 248.796, d.f. 3, p<0.001). The ducklings were
more dispersed during feeding than during other categories. Density within broods did
not change much between years except among the feeding ducklings (Chi-square = 13.658,
d.f. 1, p<0.001), which were more loosely packed in 2002.

Tables

Table 1. Duckling sizes. To the size group NHD belonged ducklings where no apparent
growth had taken place. In many cases ducklings larger than SDD were categorised as

large ducklings (LD).
Size Definition
NHD Newly hatched ducklings
SDD Small downy ducklings
MDD Medium downy ducklings
LDD Large downy ducklings
FD Feathered ducklings
LD Large ducklings (SDD, LDD and FD)
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Table 2. Behaviour categories of females and ducklings. The behaviour of the ducklings
was rather synchronised, and the behaviour of a majority of the ducklings was recorded as
the behaviour of the group.

Feeding Active feeding or resting bouts between active feeding.
Diving Going underwater or reappearing from a dive.
Up —ending | Turning vertical with head down and half of body under water.
Head under With head or head and neck under water
water
From surface | Moving with bill under water or dips bill at intervals into water.
Locomotion Actively moving (swimming or walking) from one location to
another
Resting Bird hides bill in feathers or/and has closed eyes. Can be on water
or standing/lying on land.
Standing on land or floating on water without definite direction or
active movements for more than 30 seconds. Vigilant females
Inactive /Vigilance were mostly inactive but had stretched necks, and/or turned heads
g frequently. Ducklings that got distress call from female or became
aware of danger would run/swim hastily towards female and
gather in dense heap around her.
Other behaviour Behaviour that is not listed above.
Preenin Draws feathers through bill, rearrange plumage and/or spread
& secretion from preen gland onto feathers with bill or head. Also
scratch their head with feet.
Interaction Aggression. Intense head and neck movements and sounds in
/Agonistic adult individuals when close to other adult individuals (eiders or
behaviour other birds/ predators) or young from other brood.
Abnormal Seen occasionally in lone ducklings. Circling and calling when
behaviour female is close by. High activity with no apparent purpose.

Table 3. Median brood size of single-female broods. The brood size distribution differed
between years and between age classes (Kruskal-Wallis: H = 171.534, d.f. 5, p < 0.001).
The broods became smaller as the ducklings got of the NHD stage in both years (Dunn’s
method: Year 2002, q nup vs spp = 4.429, g nup vs. Lp = 4.326, p<0.05, and year 2003, q
~NHD vs spp = 1.114, g nup vs Lp = 5.197, p<0.05). The broods were larger in 2003 than in
2002 (Dunn’s method: Q yup = 4.960, q spp = 7.072, q 1p = 5.249).

Duckling size Median Number of Median Number of
2002 broods 2003 broods
NHD 4.20 208 4.45 461
SDD 3.14 360 4.03 1259
LD 3.02 75 4.01 443
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Table 4. Median value of single- and multi-female broods. The broods are larger where
more than one female is tending (Mann-Whitney: T 2002 = 59542.5, t 2003 = 270358,
p<0.001) and they were larger in 2003 than in 2002 (Mann-Whitney: T singie = 14714, t i

= 774849, p<0.001).

Type of brood Median Number of Median Number of
2002 broods 2003 broods

Single-female 3.37 643 4.11 2163

Multi-female 4.68 108 5.70 170

Table 5. Median of NHD broods in 2002 and 2003 following single females. The brood
size of the NHD became smaller as the summer proceeded (Mann-Whitney: T 00, =
11521.500, p = 0.007 and T 3003 = 33599.000, p = 0.004). The brood size was larger in
2003 (Mann-Whitney: T ,erioa 1 = 41070.500, p < 0.001, t ,eriva2 = 953.500, p = 0.004).

Period Median Number Observation | Median Number  Observation
2002 of broods days 2003 of broods days
12-20. June 4.23 138 8 4.72 251 8
21-30 June 2.83 17 4 4.04 151 8
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3 Atferli og gerd ungahdpa hja
raudhofda Anas penelope, skufond
Aythya fuligula og husond Bucephala
islandica
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Utdrattur

Athugun var gerd a atferli og gerd ungahdpa hja raudhofda Anas penelope, skatond Aythya
fuligula og husond Bucephala islandica arin 2001-2003. Almennt voru hépar litlir (3-6
ungar) og fylgdu stokum kollum. Hja skifond og hisond var b6 ekki dalgengt ad sja hépa
med meira en 15 ungum. Munur 4 hépasterd var ekki afgerandi milli tegunda eda milli
ara. Par sem samruni hépa atti sér stad jafnhlida affollum var erfitt ad adgreina petta
tvennt. Kollur voru oft einar med stéra hopa og pvi greinilegt ad einhverjar kollur yfirgafu
unga sina 4dur en peir nddu sjalfstedi. Hjd raudhofda og skafond var algengt ad sja
kollulausa ungahépa og benti pad til pess ad kollur sem 4 annad bord yfirgafu unga sina,
bidu ekki med pad par til adrar kollur yfirtoku unga peirra. Husond aftur 4 méti, gaf unga
sina sjaldan fra sér nema i hendur annarrar kollu. Ungahdpar dn kollu komu sjaldnar fyrir
2001 pegar fada var adgengilegust, samanborid vid 2002 og 2003. Ungar eyddu meiri
tima 1 fedudflun og pa sérstaklega { ati af yfirbordi 2001. Ungar dreifdu mest tr sér vid
feeduoflun.

Abstract

A study was conducted in 2001-2003 on the spatial structure and behaviour of duckling
broods among the Eurasian wigeon Anas penelope, tufted duck Aythya fuligula and
Barrow’s goldeneye Bucephala islandica. In general, broods were small (3—6 young) and
followed a single female. However, large broods with 15 young or more were not
uncommon among tufted ducks and Barrow’s goldeneye. Differences in brood sizes were
not prominent between species or between years. Enlargement of broods, due to brood
fusion, and reduction of broods, due to duckling loss, occurred simultaneously, so
distinguishing between the two was not attempted. Females were often alone with
amalgamated broods, indicating that it was not uncommon for females to leave their
young. Broods without females were common among Eurasian wigeons and tufted ducks;
apparently, some females did not wait with leaving until their young were adopted.
Barrow’s goldeneyes rarely left their young unattended, but often had to surrender them to
other females. Broods with no attending females were less common in 2001, when food
was relatively abundant, than in 2002 or 2003. In 2001, ducklings spent more time feeding
and picking food objects from the surface rather than diving, as compared to the two other
years. The young ranged further away from the female while feeding than when engaged
in other activities.
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3.1 Inngangur

Myvatn og Laxa eru gifurlega audugt fuglasvedi og péttleiki vatnafugla er eins og hann
gerist mestur (10-15 pasund verpandi pér af 20 tegundum (Arnpér Gardarsson og Arni
Einarsson 2002)). A svadinu verpa 43 tegundir og par af 13 andartegundir. Endur eru
mikilvaegur hlekkur 1 litkedju vatnsins og frd 1975 hafa stadid yfir samfelldar rannséknir &
péttleika, vidkomu og fedu peirra (Arnpér Gardarsson 1991).

Reglulega eru framkvamdar vidkomuathuganir par sem talinn er fjoldi stdlpadra unga &
kollu (Arnp6r Gardarsson & Arni Einarsson 1994, 2004). Athuganir er snia ad 6drum
pattum svo sem ttbreidslu, atferli eda samsetningu ungahdpa hja ondum hafa minna verid
stundadar & Myvatni. P6 lysti Sven-Axel Bengtson (1971b) ttbreidslu og sterd ungahdpa,
Arni Einarsson (1987) skodadi ferdir og dreifingu hiisandarunga og Olafur Karl Nielsen
(1998) skodadi kdfunarferni kafandarunga.

Par sem rannsoknir 4 fuglalifi hafa stadid yfir jafn lengi og 1 eins miklum mali og raun ber
vitni { Myvatnssveit myndast verdmatur grunnur sem audveldar frekari rannséknir. Ymsar
rannsOknir er ner 6mogulegt ad framkvema nema fyrir liggi upplysingar um svedid og
tegundir pess. Gerd ungahdpa og hegdun peirra er demi um slikar rannséknir. Pad styrkir
athuganir 4 ungahépum til muna ad vita eitthvad um 4stand stofnsins almennt, pekkja
vidkomu og nylidun i gédum og slemum drum, vita hvar mestan péttleika ungahdpa er
oftast ad finna og hvort sveiflur { feduframbodi séu 4 uppleid eda nidurleid. Ma fullyrda
ad hvergi 4 Islandi séu fyrirliggjandi jafn mikid af gégnum um hina ymsu vatnafuglastofna.
Vegna Déttleika og fjolda andategunda er Myvatnsvedid sérlega hentugt til
samanburdarrannsékna. I pessari athugun eru ungar priggja 6likra andategunda teknir fyrir
og peir skodadir med tilliti til gerdar ungahdpa og atferlis.
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3.2 Aodferoir

3.2.1Tegundirnar

Valdar voru prjar tegundir anda: raudhofdi Anas penelope, skiafond Aythya fuligula og
hisond Bucephala islandica. Pessar tegundir tilheyra allar andattinni Anatidae dsamt
00rum 6ndum, gaesum og svonum (Batt 1992) en eru ad 6dru leyti fremur fjarskyldar og
tilheyra mismunandi deildum @ttarinnar.

Raudhofdi (Anas penelope)

Raudhofdinn tilheyrir deild grdanda, Anatini. Graendur eru almennt alitnar 1€élegir kafarar
og sérhafa sig { fadundmi af landi, af yfirbordi vatns eda af botni par sem négu grunnt er
til ad hagt sé ad na fedunni med pvi ad hélfkafa. Per eru ad miklu leyti jurtaztur en neyta
skordyrafedu 4 varptima og sem ungar pegar voxtur er hvad mestur 4 fyrstu vikum
@vinnar (Batt 1992).

Utan varptima eru graendur félagslyndar og halda gjarnan til { hépum. Flestar graendur eru
farfuglar og utbreidsla peirra ner til allra heimsalfa (Batt 1992). Graendur halda gjarnan
til 1 sefi eda ndlegt slitandi grédri par sem par geta falist afreningjum. Pear eru pvi oft
fremur erfidar vidureignar pegar kemur ad talningum eda 60rum athugunum 4 peim.

Raudhofdinn er farfugl og islenski stofninn heldur til i Vestur Evropu yfir veturinn
(Donker 1959, Arnpér Gardarsson og Arni Einarsson 1997). Fuglarnir parast 4
vetrarstodvum og nar undantekningarlaust heldur parid { heimahaga kollunnar til ad hefja
varp par (Arnpér Gardarsson og Arni Einarsson 1997). Myvatnssveit er mikilvagt varp-
og fellisvaedi fyrir islenska stofninn en par er alitid ad verpi um pridjungur stofnsins 4
nordausturlandi og 1 langmestum péttleika.

Raudhofdi lifir fyrst og fremst 4 sveifgrosum, storum, elftingum og botngrédri ymiss
konar. A Myvatni skipta peir p6 yfir i rykmy pegar pad kviknar fyrst 4 vorin, yfirleitt {
mai. Ungar raudhofda treysta somuleidis ner eingdngu 4 rykmy fyrstu vikurnar. Frambod
og adgengi rykmys fyrstu prjar vikurnar { lifi unganna skipta skopum fyrir lifslikur peirra
(Arnp6r Gardarsson og Arni Einarsson 1997). Par sem raudhofdinn kafar helst ekki parf
hann ad bida par til rykmyid kemur upp & yfirbordid til ad geta nytt sér pad. P6 er einnig
pekkt ad straumar, vindar eda jafnvel adrir vatnafuglar réti upp rykmyslirfum sem
raudhofdinn getur pa nytt (Arnpér Gardarsson og Arni Einarsson 2002).

Almennt mynda grdendur ekki stéra ungafleka en raudhofdinn er undantekning fra pessu
og getur myndad stéra unga- og kollufleka 4 dkvednum svedum par sem feduframbod er
mikid og pa oft 4 somu svedum og kafendur (Bengtson 1971b). Raudhofdi { Myvatnssveit
heldur sig ad mestu 4 Myvatni sjidlfu med unga sina eda & minni tjornum (Arnpor
Gardarsson ofl. 2008).

Skufénd (Aythya fuligula)

Skafond tilheyrir deild kafanda Aythyini. Kafendur eru ymist jurtaetur eda aletur. Paer
eru félagslyndar og utan vid varptima halda par gjarnan til i storum hopum. Par velja sér
hreidurstaedi ndlegt vatni.
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Skuafendur finnast 1 hreint 6trilegum péttleika 4 Myvatni eda ad medaltali um 182 fuglar 4
km? (Arnpér Gardarsson og Arni Einarsson 2002). Fada peirra samanstendur fyrst og
fremst af botnlegum hryggleysingjum og er rykmy par lang veigamesti hopurinn eda 50-
62% af fzdu peirra. Onnur mikilveg fzda er kornita (Eurycercus lamellatus)
grenporungar (Cladophorales spp), hornsili og egg peirra. Toluverdur aramunur er 4 fadu
skifanda. I g68um mydrum treysta peer fyrst og fremst 4 rykmyid en pegar myid bregst
geta fullordnu fuglarnir étid greenporunga lindyr og hornsili (Arnpér Gardarsson og Arni
Einarsson 2002).

bott skifendur séu kafendur tina par lika fedu af yfirbordi. Petta er algengara hja
ungunum en um 15% af éttima fullordinna fugla fer i 4t af yfirbordi. Fada storra
skifandarunga (ungar sem nd einum pridja af sterd kollu eda meira) er svipud og hja
fullordnum fuglum pétt kornata spili par sterra hlutverk (Arnpér Gardarsson og Arni
Einarsson 2002). Rykmyid er lykiltegund i feedu litilla kafandarunga 4 Myvatni (Arnp6r
Gardarsson og Arni Einarsson 1994).

Litid hefur verid fjallad um uppeldiskerfi skifanda eftir ad ungar klekjast en p6 er vitad ad
ungar hennar geta myndad stéra ungafleka par sem nokkrar kollur skipta
uppeldishlutverkinu 4 milli sin (Bengtson 1971).

Husond (Bucephala islandica)

Husondin tilheyrir deild sjéanda, Mergini. I pessari deild er mikil breidd og kynin eru
oftast 6lik 1 utliti. Petta eru allt kafendur og lifa 4 dyrafedu eda eru aletur (Batt 1992).

Husondin er utbreidd i vestanverdri Nordur Ameriku en auk pess heldur til adskilin stofn &
Islandi sem myndar austurmérk ttbreidslusvaedisins. I Nordur Ameriku verpur hiséndin
vid frjésom votn eda tjarnir, gjarnan { skégum og oft i nokkurri hed yfir sjavarméli. A
vetrum heldur hun til 4 sjo (Eadie ofl 2000). Val Mergini 4 hreidurstedum er breytilegt
eftir tegundum. Sumar tegundir verpa 1 holum trjam, 1 klettaskorum eda 4 jordinni og pa
gjarnan innanum péttan grédur (Batt 1992). I skégum Nordur Ameriku velur hisond sér
gjarnan hreidurstzdi i holum trjam. A Islandi hefur hdsond ekki hol tré til ad verpa  og
velur hin sér hreidurstedi { nattirlegum holum { gréfu hrauni (Bengtson 1971 og Arnpor
Gardarsson 1978). Einnig eru um tiu présent stofnsins sem nyta sér varpkassa sem bandur
dtbda utan 4 dtihds sin (Arni Einarsson 1986).

Heildarstofn hudsandar er alitinn nokkud stodugur en vegna takmarkadrar utbreidslu sinnar
og tiltdlulega litillar stofnsterdar (<200.000 fuglar) verdur hann ad teljast nokkud
vidkvemur fyrir aféllum (Eadie ofl 2000). Islenski stofninn er um 2000 fuglar (Arnpér
Gardarsson 1978, Arni Einarsson ofl 2006) en fyrir utan toluverda nidursveiflu sem nadi
fra 1988-2000 hefur stofninn verid fremur st6dugur (Arni Einarsson ofl 2006). Lang
stersti hluti islenska stofnsins heldur til & Myvatns- og Laxarsvaedinu og heldur hann til
par ad mestu allt 4rid). Litill hluti stofnsins leitar p6 4 Oonnur aud votn yfir veturinn
(Arnp6r Gardarsson 1978, Arni Einarsson 1990, Arnpér Gardarsson og Arni Einarsson

1994).

Eins og raudhofdi og skifond er hisondin félagslynd ad vetrinum og heldur til i hépum.
Parmyndun 4 sér stad ad hausti eda snemma vetrar. Pegar varptimi ndlgast breytist
hegdunarmynstrid.  Skilur hegdun husandar sig fra flestum 6drum andategundum a
Myvatni ad pvi leyti ad hin tekur upp 6dalshegdun a varptima og getur verid mjog
hardsvirud i vidureign vid adra vatnafugla (Arni Einarsson 1990). A medan kollan er ad
verpa og { upphafi dlegu ver steggur 6dal 4 vatni nzst hreidri (sjd Palmer 1976 i Arni
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Einarsson 1990). Steggir yfirgefa p6 6dul 4dur en ungar klekjast og kolla kemur med pa
nidur 4 vatn.

Val 4 hreidurstedum tengist ekki stadsetningu endanlegs 6dals og getur hin ferdast
toluverdar vegalengdir med ungahdpinn sinn 4dur en hin kemur 4 6dal sem hun er tilbdin
ad verja. Val kollu & sliku ungaddali virdist tengjast péttleika adgengilegra bitmyslirfa
(Simulium) (Arni Einarsson 1987). Pegar kollan hefur valid 6dal ver htin pad med miklum
krafti medan faduframbod er par negjanlegt og er pa ekki eins hreyfanleg um vatnid og
hinar tegundirnar. Ef fa&duframbod verdur af skornum skammti getur hun hinsvegar purft
ad skipta um 6dal og ef hin er stadsett 4 Laxa getur hin purft ad fara med ungahdpinn sinn
i gegnum 6dul annarra kolla til ad komast 4 nytt 6dal. Getur slikt ferdalag endad med ad
hin 14ti alla unga fra sér til annarrar kollu (Arni Einarsson 1987).

3.2.2 Rannsoknarsvaedi

Ungah6par voru skodadir 4 og vid Myvatn (65°35°N, 17°00°W) 4 timabilinu 2001-2003.
Rannséknarsvadid samanstod af Sydrifléa, Alum og efsta hluta Laxér (1. mynd).

Myvatn er grunnt (2.2 m ad medaltali) og neringaraudugt vatn (eutroph). Ner allt vatnid
er grynnra en 4 m og botninn pvi adgengilegur kafandi vatnafuglum (Arnp6r Gardarsson
og Arni Einarsson 2002). Vatn streymir inn { petta vatnakerfi dr lindum sem eru { austasta
hluta vatnsins. Einnig rennur litil 4, Grenilekur { Myvatn ur minna stdduvatni sem liggur
2 km sunnan vid Myvatn (1. mynd).

Vatnid er isilagt { 6-7 manudi (sja Rist 1979 { Arni Einarsson 1990) en ad austanverdu, par
sem miklar uppsprettur eru { vatninu, helst pad autt allt arid. Efsti hluti Laxar helst einnig
audur allt arid (Arni Einarsson 1990).

Botn Myvatns er mjikur ledjubotn. Botngrédur er einkum granpoérungar Cladophorales
og pradnykra Potamogeton filiformis. Rikjandi tegundir hryggleysingja eru rykmyslirfur,
adallega Chironomus islandicus og Tanytarsus gracilentus. Einnig er mikid af kornatu
Eurycercus lamellatus, skotuormum Lepidurus arcticus, vatnabobbum Radix peregra og
ertuskeljum Pisidium spp. (Arni Einarsson 1990). Mjog stérar sveiflur { magni rykmys (4.
mynd) einkenna Myvatn og hafa pessar sveiflur ahrif & framleidslu unga hja ymsum
andategundum svo sem raudhofda og skifénd (Arnpér Gardarsson og Arni Einarsson
1994, Arnp6r Gardarsson 2006) og eru fyrstu vikurnar { lifi unganna sérlega mikilvegar
hvad petta snertir (Arnpér Gardarsson og Arni Einarsson 1997).

Laxa rennur Gr Alum sem er vestasti hluti Myvatns. Utrennslid er breitt og mikid en fyrir
nedan pad eru tvar stérar eyjar Helgey og Geldingaey og rennur din i straumhordum
kvislum umhverfis paer. Vida eru gronir hélmar { dnni. Bitmy (Simulium vittatum) er
allsradandi tegund. Langmest er af pvi nast dtrennslinu en svo minnkar péttleikinn
nokkud jafnt og pétt eftir pvi sem nedar dregur (Arni Einarsson 1990). Nénari Iysingu 4
vatnakerfi Myvatns ma finna { riti Péturs M. Jénassonar (1979).

Litid er til af gognum um afreningja eda dhrif afreningja 4 varp anda 4 Myvatni. P6 eru til
gdgn um minkaveidar vestan vid vatnid og ma nota pau gogn til ad meta fledi minka inn &
svaedid. Sveiflast fjoldi peirra nokkud en segja ma ad med miklu veidiataki hafi tekist ad
utryma grenjum 4 svaedinu 1990 og hefur veididtakid sidan midad ad pvi ad stodva alla
minka sem leita inn 4 svadid (Arni Einarssona o.fl. 2006). Myvatn er langt frd sj6 og pvi
1itid um varp stérra mafa en peir sledast pé inn 4 svadid { leit ad «ti annad slagid (Arni
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Einarsson munnlegar upplysingar). Einstaka sinnum sdust hrafnar 4 sveimi en aldrei sast
til peirra taka unga (eigin athuganir).

Einungis tvisvar sd ég drds afreningja 4 svedinu. I fyrra skiptid reyndi smyrill vid stelk
sem steyptist vid pad 4 bolakaf i Laxd en kom upp heill 4 hiifi en med undarlegum hlj6dum
p6. I hinu tilfellinu sl6 falki nidur stokkandarkollu 4 flugi. Aftur kom 4in til bjargar par
sem kollan hvarf 4 bélakaf i Laxa og kom upp nokkru sidar vonkud en 4 lifi.

Himbrimi sdst nokkud oft kafa i att ad eda jafnvel undir ungah6pa og olli slikt mikilli
skelfingu hja b&di kollum og ungum. Aldrei sdst himbrimi drepa unga eda kollu en slikt er
p6 pekkt 4 Myvatni (Arni Einarsson munnlegar upplysingar). [ nokkur skipti sdst
hisandarkolla rddast 4 andarunga og draga p4 med sér 4 kaf en einungis tvisvar endadi pad
med dauda ungans. I annad skiptid var um stakan skifandarunga ad reda og kom honum
enginn til hjdlpar. Hitt skiptid var duggandarungi ur ungahopi sem fylgdi stakri
duggandarkollu. Duggandarkollan reyndi itrekad ad koma unganum til varnar en fylgdi p6
hdsandarkollunni ekki eftir pegar hiin hvarf 4 kaf med ungann og pvi fér sem fér. 1 énnur
skipti skérust fleiri en ein kolla { leikinn og pa vard hisondin ad lata { minni pokann. Vakti
athygli ad slik varnarvidbrogd foru pvert 4 tegundir og sast hdvella gripa inn i pegar
husond rédst 4 skdfandarunga tr ungahdpi sem fylgdi stakri skifandarkollu. Yfirgaf hiin
eigin ungahop ur nokkurri fjarlegd og fylgdi husondinni eftir 4 kafi og vard hiséndin ad
sleppa unganum til ad verja sig. I eitt skipti sdst hdsandarpar gogga til skiptis { daudan
unga sem flaut 4 vatninu pott engir ungar fylgdu pessu pari.

3.2.3Vedur

Medalhiti, lagmarkshiti og urkoma var skodad manudina fyrir og 4 medan rannsékn st6d
arid 2001-2003 (2. mynd). Vetur & pessu timabili voru almennt mildir med haum
medalhita en p6 voru kold timabil ba&di veturinn 2001 og 2002 sem gatu haft ahrif 4 varp
anda. I april og mai 2002 voru lika hret med hvassvidri og mikilli snjékomu. Veturinn
2003 var aberandi hlyr og isabrot vard rimum mdnudi fyrr en { medal ari eda 26. mars (3.
mynd). Sumrin voru mild, sér { lagi 2003, (2. mynd) og blaut (Vedurstofa Islands vefsida
b).

3.2.4 Gagnasofnun

Gagnasofnun fér fram 4 timabilunum 1. jali til 27. dgast 2001, 29. juni til 20. dgist 2002
og 4. juli til 17. aguast 2003.

Svadin voru skodud eftir fyrirfram dkvedinni r6d. Reynt var ad takmarka fjolda svaeda
svo hagt vari ad komast um allt athugunarsvedid 4 tiu dogum. Einstaka sinnum duttu
dagar ut vegna vedurs. Hettara var vid pessu pegar lida ték 4 sumarid pvi pad voru
ungahOparnir gjarnan langt uti 4 vatni og krofdust athuganir p4 ad vedur veri stillt. Vid
urvinnslu gagna var athugunartimabilinu skipt upp 1 6 tiu daga timabil og nédist allt
athugunarsv®did 4 hverju timabili.

Talning & hverju svedi var framkvemd frd sem fastum utsynispunktum og beir pannig
valdir ad sem vidast s®ist yfir. Medfram Laxa voru engir fastir punktar heldur var gengid
medfram dnni. Athuganir voru gerdar med hjélp kikis og fjarsjar. Oftast nar var farid
milli athugunarstada gangandi eda hj6landi. Einungis hopar 4 vatni eda 4 vatnsbakka voru
taldir.
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Péttleiki hépa og atferli var skrdd fyrir hverja kollu og medfylgjandi ungahép. Fjoldi
kollna og unga { hverjum hép var skradur. Aldur unga var flokkadur { sex stig eftir sterd
(tafla 1). Nyklaktir ungar voru hafdir sér til ad meta hopasterd adur en samruni eda
dénartioni var farin ad hafa veruleg 4hrif. Pessum hopi tilheyrOu ungar par sem engin
synilegur voxtur hafdi att sér stad. Dunungum var ad 6dru leyti skipt i prennt (tafla 1) en
fidrudum ungum sem upphaflega var skipt i fimm sterdarflokka var slegid saman { einn
flokk til ad audvelda urvinnslu. Stundum var fidrudum ungum slegid saman vid stéra
ddnunga og var sa flokkur pd kalladur storir ungar (SU) (tafla 1).

Péttleiki ungahopsins (radius héps) var metinn sem hdmarks fjarlegd milli kollu og unga
hennar (Mendenhall og Milne 1985). Fjarlegdin var metin sem margfeldi af lengd kollu,
sem er hentug adferd par sem vidmidunarpunktar eru fair. Par sem engin kolla fylgdi
ungahOpum var péttleiki metin sem mesta fjarlegd dr midjum hop 1 unga sem lengst var
fra midju. Afram var sd lengd metin 1 kollulengdum. Hver ungahdpur var skodadur sem
ein heild. Hopur var skilgreindur sem allir einstaklingar sem fylgdust ad { meira en
minutu.

Notast var vid skyndiskonnun (instantaneous scanning) til ad meta atferli ungahdpa.
Atferli unga var flokkad { fjora flokka (tafla 2). Hegdun meirihluta unga var skrdd sem
atferli ungahopsins. Ki-kvadrat, Mann-Whitney og Kruskal-Wallis voru algengustu prof
notud til greininga 4 styrkleika gagna (Sokal & Rohlf 1998).
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3.3 Nidurstodur

3.3.1Ungahépar

Langflestir ungahdpar fylgdu einni kollu (einkolluhépar) (6. mynd). Sjaldgeft var ad fleiri
en ein kolla veri { ungah6punum. Pegar lida t6k 4 sumarid vard hins vegar ekki 6algengt
ad sja kollulausa ungahoépa. Petta vard sérstaklega dberandi upptr fyrstu vikunni { dgust.

Kollulausir ungahépar (nullkolluhdpar) samanst6du i flestum tilfellum af stérum ungum
sem farnir voru ad fa fjadrir. P6 var eitthvad um ad hépar med litlum dinungum veru dn
eftirlits og kolla hvergi sjdanleg (7. mynd).

Hoépastardir voru mjog mismunandi og { einkolluhépum gatu verid 1-50 ungar (midgildi 3-
8) (8, 9. og 10. mynd). Nokkur munur var 4 hépasterdum eftir fjolda kolla og voru hopar
sterstir par sem fleiri en ein kolla fylgdi (fjolkolluhépar) (11, 12, og 13. mynd). Enginn
afgerandi munur var 4 steerd hopa milli 4ra eda tegunda.

Raudhofai

Raudhofdinn var strax synilegur med ungahdpa fyrstu vikuna i juli og nddi mestum
péttleika 4 timabilinu 11.-20. jdli (tafla 3). Aberandi var mikill péttleiki 4 pessu timabili
2003 pegar ad medaltali 14 hopar sdust & dag en fakkadi svo nidur 1 5-6 hopa & dag eftir 21
juli. Toluverdur munur gat verid i fjolda hépa eftir svedum og milli daga.

Einkolluhdpar voru algengastir framan af timabilinu eda ut juli (6. mynd). Eftir pad voru
um 65-70% hopa kollulausir. Um helmingur pessara hopa samanst6d af fidrudum ungum
en tep 20% peirra samanst6d af ND/LD ungum (7. mynd). Fjolkolluhdpar voru sjaldsédir
eda undir 10% ut allt timabilid (6. mynd) en komu pé fyrir 4 6llum aldursskeidum (7.
mynd).

Hj4 einkolluhépum var algengast ad ungar raudhofdans vaeru 3-5 (midgildi) 1 hép (8.
mynd). Ekki reyndist munur 4 hopastard eftir aldri unga (tafla 5). Ungahdpar voru minni
2003 heldur en 2001 og 2002 en pé voru ND/LD hépar of féir til ad s& munur reyndist
marktaekur hja peim (tafla 6).

Nokkur munur var 4 sterd hopa eftir pvi hvad kollurnar sem fylgdu hépunum voru margar
(11. mynd). Fjolkolluhdparnir voru ad visu fair en gatu verid mjog storir. Staerstu hdparnir
komu fyrir 2002 en p4 komu inn & talningarsvedin tveir hopar med meira en hundrad
ungum hvor.

Skufénd

Skafond var su ond sem kom oftast fyrir { talningum (tafla 3). Hun var komin med
nokkurn fjolda ungahdpa tut 4 vatn 4 fyrsta talningartimabilinu 1.-10 juli. Petta atti
sérstaklega vid arid 2002 en pad 4r var strax mikill péttleiki hdpa 1 fyrstu viku juli sem
hélst at allt timabilid. Mestur vard péttleiki hoépa pad ar 31. jali — 9. 4glist med ad
medaltali 26 hépa 4 dag. Var fjoldi ungahdpa langmestur pad ar. Almennt var péttleiki
hépa hja skafond mestur 1 annarri viku juli. Petta atti sérstaklega vid 2003 en timabilinu
11.-20. juli voru ad medaltali 21 hépur 4 dag en feekkadi nidur 1 10-13 hopa eftir pad.
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Einkolluhépar voru rikjandi eda um 60-80% hoépa fram til 31. juli (6. mynd). Eftir pann
tima urdu nudllkolluhdpar snogglega allsrddandi eda um 75% hoépa. Hoépar med fleiri
kollum voru ekki algengir en tidni peirra (um 7-13%) hélst ad mestu obreytt yfir timabilid.
Meirihluti ndllkolluhépanna eda rim 50% samanst6d af fidrudum ungum, en pé voru um
20% nullkolluh6pa med ND/LD ungum (7. mynd).

Sterdir ungahopa minnkudu med aldri unganna og voru ND/LD hépar sterri en SU hopar
(9. mynd). Stérir hépar med fleiri en 15 ungum voru algengir & badum aldursskeidum.
Ekki var mikill munur 4 sterd hopa milli dra p6 voru hépar eldri unganna adeins minni
2003 heldur en hin arin (tafla 7).

Eins og hjd raudhofda var nokkur munur a sterd hopa eftir fjolda kollna (12. mynd). Voru
fjolkolluh6par almennt sterri en ndll- og einkolluhdpar. Starstu hépana var p6 ad finna
6had fjolda kollna par sem stersti hdpurinn { hverjum flokki var med yfir 50 unga.

Hldsond

Ungar husandarinnar voru litid synilegir fyrstu vikuna { juli (tafla 3). Peir urdu smam
saman fleiri en nddu ekki hamarki fyrr en eftir 21. jali (ad medaltali 7-12 hépar, misjafnt
eftir &rum). Mest sdst af husandarungahépum 4 sidasta ari athugunarinnar og hélst péttleiki
hépa nokkud har ut timabilid.

Hj4 hdsondinni kom varla fyrir ad fleiri eda ferri en ein kolla veri { hverjum ungahdpi (6.
mynd). Eins og hjd hinum tegundunum breyttist petta b6 adeins eftir 10. dgust par sem for
ad bera & fjolkolluh6pum og eins voru um 35% hoépa ekki med neinni kollu. Nullkolluhépa
var n&r einungis hagt ad finna medal eldri (FU) unga og voru tep 40% slikra hépa ekki 1
fylgd neinnar kollu (7. mynd). Innan vid 10% dunungahépa voru ekki { fylgd neinnar
kollu.

Sterd ungahdpa var oftast 2-16 (midgildin 3-6) ungar og for pad eftir &rum og aldri unga
(10. mynd). Sterd ungahdpanna breyttist 1itid med aldri nema 2002 en pa voru hépar med
SU (midgildi 6) sterri en ND/LD hépar (midgildi 4) (5. tafla). Munur var 4 milli dra hja
baedi ND/LD hépum og SU hépum (6. mynd). ND/LD héparnir voru staerri 2003 heldur en
2001 og 2002 og SU héparnir voru minni 2001 heldur en 2002 og 2003 (7. mynd).

Engir fjolkolluhépar fundust hja hisond 2001 og nokkur munur var & gerd peirra hopa
2002 og 2003 (13. mynd). Par sem fjolkolluhépar voru 1 6llum tilfellum fatidir var erfitt ad
sundurlida pa frekar en pé voru nar allir hépar 2003 litlir (21 ungi eda ferri) (13. mynd)
og ungarnir ordnir stalpadir og gjarnan komnir saman vid fellihGpa (eigin athuganir). Arid
2002 voru héparnir mun sterri og skiptust gjarnan milli tveggja kollna. Slikir kolluhépar
héldust ekki lengi og greinilega var mikid 6pol milli kollna og aflog milli peirra tid (eigin
athuganir).

3.3.2Timanotkun

Raudhofai

Ungar raudhofda eyddu mestum tima sinum { feduoflun (35-61%) (14. mynd). Einnig for
nokkur timi (19-42%) { tilferslu milli stada. Um 11-23% af tima unganna var eytt { hvild.
Arid 2003 eyddi raudh6fdi minni tima { faeduoflun og meiri tima { tilferslu heldur en
skifond og hisond (tafla 8). Hun eyddi mun minni tima en hisénd { hvild. Munur var &
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atferli raudhofda milli dra par sem meiri timi for {1 tilferslu og hvild og minni timi {
feedudflun 2003 heldur en 2001 og 2002 (tafla 9).

Ef 1itid er 4 feduoflunina sérstaklega kom pad ekki 4 dvart ad at ur yfirbordi var rikjandi
fedudflunaradferd (73-91% af 4ttima peirra) (15. mynd). P6 sdust ungar kafa endrum og
eins og hélfkofudu reglulega en pad var sjaldséd hja skafond og hisond. Faduatferli
breyttist milli 4ra og var pikkad hlutfallslega mest ur yfirbordi 2001 (tafla 11).

Skuafénd

Um 50-60% af tima skifandarunga for { fa&dudflun (14 mynd) og mun minni timi { annad
atferli. Tilfeersla milli stada tok 24-31% af tima peirra og 7-22 % féru 1 hvild. Eins og hja
raudhofda var skifondin frabrugdin hdsondinni {1 atferli og eyddi minni tima { hvild og
meiri timi for 1 tilferslu (tafla 8). Eins og hjd raudhofda for minni timi i fedudflun og
meiri timi { hvild 2003 heldur en 2001 og 2002 (tafla 9).

Olikt raudhofda kofudu skufandarungar mikid eftir fedu (41-70% af attima peirra) (15.
mynd). Halfkofun kom varla fyrir en yfirbordsat var algengt (30%-59% af attima). Tidni
kofunar og yfirbordséts var breytileg milli ara (kofun fér r 70 % 1 41 % af attima milli
2001 og 2003) (tafla 9).

Husond

Husandarungar 16gdu toluvert adrar dherslur i timanotkun sina heldur en raudhofdi og
skafond (tafla 8, 14. mynd). Peir eyddu litlum tima i tilfeerslu og skiptu tima sinum fyrst
og fremst milli hvildar og fedudflunar. Arid 2001 var fedudflun rikjandi (63%) eins og

hja hinum tegundunum en 2002 og 2003 var jafnmiklum eda meiri tima varid { hvild (tafla
9).

Faduatferlid var svipad og hja skafond (15. mynd) nema 2002 en b4 kafadi husond meira
(tafla 10). Eins og hja hinum tegundunum var hlutfalslega mest pikkad ur yfirbordi 2001
(tafla 11). Mjog litid var hédlfkafad, p6 kom pad fyrir.

3.3.3 Fjarlaegd unga fra kollu

Ungar héldu venjulega til ndlagt kollu og foru sjaldan lengra en 10 kollulengdir fra henni.
Péttleiki var breytilegur milli dra hja 6llum tegundum (16. mynd). Munur var 4 milli
tegunda 4rid 2002. Erfitt var ad syna fram 4 4hrif aldurs og atferlis 4 fjarlegd unga fra
kollu og voru pau éhrif breytileg milli tegunda og milli ara.

Raudhofai

Flestir ungahopar héldu sig innan vid 10 kollulengdir frd kollu (58-69%) (16. mynd).
béttleiki unga var breytilegur milli dra og voru ungar dberandi nar kollu 2003 (tafla 13).
Pad ar var tepur helmingur allra hopa innan vid 5 kollulengdir fra kollu (46%) en b4 eru
peir nanast { einum hnapp. Arid 2002 voru ungar hvad dreifdastir i kringum kollu en pa
voru 29% ungahdpa meira en 20 kollulengdir fra kollu.

Ef skodad er hvernig fjarlegd fra kollu tengdist atferli unganna ma sja ad mest var dreifing
unganna vi0 feduodflun og minnst vid hvild (17. mynd). Meiri péttleiki 2003 kom fram {
Ollu atferli. Dreifdustu héparnir voru pé ekki dalgengir og komu oftar fyrir heldur en
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2001. Nalaegd vid kollu virtist hja raudhofda fara eftir aldri par sem péttleiki unga var
mestur hja yngstu hépunum (18. mynd). Atti petta vid um 61l arin p6 1 mismiklum meli.

Skufond

Fjarlegd skufandarunga fra kollu var svipud og hja raudhofdanum (16. mynd). Flestir
ungahopar héldu sig innan vid 10 kollulengdir fra kollu (63-77%). Dreifdir hopar voru
algengari 2002 (37% meiri en 10 kollulengdir) heldur en 2001 og eins og hja raudhofda var
meiri ndnd vid kollu arid 2003 (44% innan vid 5 kollulengdir) heldur en hin arin tvo (tafla
13). Péttleiki skifandarunga var meiri en raudhofda arid 2002 en minni en hjd raudhofda
ungum (tafla 12).

Fjarlegd unga fra kollu breyttist eftir atferli unga (17. mynd). Eins og hja raudhofda voru
ungar dreifdastir vid fadudflun og nastir kollu { hvild. Meiri péttleiki sem kom fram 2003
nar ekki til hvildar en er toluvert meiri vid feduodflun og tilferslu. Ekki er afgerandi
samhengi milli aldurs unga og fjarlegd peirra fra kollu (18. mynd). Arid 2001 og 2002
virdist péttleikinn adeins meiri hja elstu ungunum en 2003 er hann mestur hja MD/SD
ungahépum.

Hudsond

Husandarungarnir héldu svipadri fjarlegd fra kollu og raudhofoi og skufond nema 2002 en
pa var péttleiki peirri meiri (tafla 12) (16. mynd). Eins og hja raudhofda og skafond var
péttleiki unga mestur 2003 (tafla 8) en p6 var hann einnig hiar 2002. Fjarlegd unga fra
kollu var mestur 2001 og hépar innan vid 5 kollulengdir komu sjaldnast fyrir pad ar (15%).

Eins og hja raudhofda og skufond var fjarlegd fra kollu mest vid fedudflun en s& munur
var p6 ekki eins afgerandi par sem hoépar virtust einnig vera nokkud dreifdir vid tilfeerslu
og hvild (17. mynd). Aukinn péttleiki 2002 og 2003 virtist 6hddur atferli nema ef vera
skildi vid hvild par sem péttleiki jokst mikid eftir 2001. Ekki var afgerandi samhengi milli
aldurs unga og fjarlegdar peirra frd kollu (18. mynd). Ungar husandar virtust vera i péttari
hépum medan peir voru 4 ND/LD stigi heldur en pegar peir voru komnir 4 FU stig (18.
mynd). PO var munur 4 pessu milli dra og arid 2001, pegar péttleiki hépa var hvad
minnstur, voru MD/SD hépar { mestum péttleika.
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3.4 Umrada

3.4.1Ungahépar
Raudhofoi

[ byrjun jili voru einkolluhépar rikjandi og fjlkolluhGpar voru fatidir tt allt timabilid.
Talningarsvedi voru medfram strondinni og nddu um 1000 m ut 4 vatnsflotinn. Par fyrir
utan voru stor svedi par sem vitad var ad ungar safnast saman { stérum hoépum (Bengtson
1971b). Vel ma hugsa sér ad um leid og ungar nd upp nagu kuldapoli til ad vera 6hadir
reglulegum hvildarpasum 4 landi, fari kolla med unga sina Ut & pessi svedi par sem
straumrastir og kofun annarra tegunda réta upp f&du af botninum (Arnpér Gardarsson og
Arni Einarsson 2002) og frambod fzdu er liklega meira. Utskyrir pad ad miklu leyti af
hverju svo féir stérir hdpar sdust { talningunni.

Nullkolluhépar urdu algengari eftir sem leid 4 julimédnud og vard stokk i tidni peirra ur
35% 1 65% fyrstu vikuna { dgust. Eftir sem lidur 4 timabilid verda ungarnir eldri og sifellt
sterri hluti peirra getur séd um sig sjalfur. Um helmingur allra yfirgefinna ungahdpa
samanst6d af fiorudum ungum. Ekki var 6algengt ad sja hdpa med nar fullvoxnum ungum
innan um fellihdpa (eigin athuganir).

Lifslikur unga minnka eftir pvi sem peir klekjast seinna um sumarid (Blums o.fl. 2002).
Kollur sem koma seint med unga sina dt 4 vatn eru gjarnan ungar og reynslulausar (Blums
o.fl. 1997). Kilpi o.fl. (2001) komust ad pvi ad oft voru slikar kollur { slemu likamlegu
astandi. Reynslulaus kolla { slemu dstandi, sem kemur med unga sina tt 4 vatn seint 4
varptimabilinu, 4 ekki mikla moguleika & ad koma peim upp. Ef langt er 4 milli besta
mogulega fedusvedi unga annarsvegar og kollu hinsvegar gati hiin valid ad yfirgefa unga
sina til ad komast 4 adgengilegra fadusvadi fyrir sig og pannig aukid varpmoguleika sina
fyrir naesta varptimabil.

Ekki greindist munur 4 sterd einkolluhdpa eftir aldri unga enda voru hépar med litlum
ungum fair. Oft voru po litlu ungarnir (ND/LD) 1 adeins starri hopum. Storir hopar med
meira en 15 ungum voru sjaldgefir hja einkolluh6pum og kom adeins einu sinni fyrir
2003. Tilvist slikra hopa stadfestir p6 ad annad hvort hafi margar kollur verpt i sama
hreidur eda ad ungahdpar hafi sameinast eftir dtungun. Ekki var éalgengt ad ungar {
fjolkolluh6pum veru olikir ad sterd (eigin athuganir) og pvi { einhverjum tilfellum um ad
reda viobot eftir ad kolla og ungar hennar yfirgdfu hreidrid. Hvort yfirgefnir ungar
rombudu sjalfir 4 ungahdpa eda hvort kolla leiddi pa saman vid adra ungahdpa adur en hun
yfirgaf pa er erfitt ad segja til um en eflaust 4 hvort tveggja sér stad og fer pa eftir dstandi
kollu, reynslu hennar og fjolda adgengilegra ungahopa.

Munur var & sterd ungahdpa eftir &rum og voru peir minni 2003 en 2001 og 2002. Pad ar
kviknadi jafnframt minna magn rykmys 4 Myvatni en 40ur hafdi malst og par sem vitad er
ad framleidsla raudhofdaunga fylgir sveiflum i magni rykmysins (Arnpér Gardarsson
2006) @tti pad ekki a0 koma & ovart ad hopasterd var med minna moti petta Aar.
Samkvamt ungatalningum sem framkvemdar eru 4 hverju sumri & Myvatni hafdi fj6ldi
unga 4 kollu ndd dkvednum toppi arid 2000 med rimum 3 ungum 4 kollu (Arnpér
Gardarsson o.fl. 2008). Ari seinna sem jafnframt er fyrsta 4rid { athugun minni hafdi pessi
tala lzekkad nidur { um 2 unga 4 kollu og hélst su tala nar ébreytt 2002. Arid 2003 var
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fjoldi unga 4 kollu hinsvegar kominn nidur i 0,94 (200 ungar 4 212 kollur) (Arni Einarsson
munnlegar upplysingar). Voru minar athuganir { 4getu samremi vid pessar talningar.

Fjolkolluh6par voru almennt steerri en nill- og einkolluhdpar. I peim gétu verid meira en
100 ungar. I einum hép voru yfir 300 fullvaxnir eda nar fullvaxnir ungar i bland vid
fullordna fugla. Par sem fjolkolluhdpar voru fair reyndist erfitt ad bera p4 saman milli ara.
Arid 2002 komu slikir hépar oftast fyrir og fundust tveir hépar med fleiri en hundrad
ungum pad ar. Arid 2003 fundust aftur 4 méti engir fjélkolluhépar med meira en 18
ungum. DPott fjolkolluhdpar hafi verid fair og pvi erfitt ad bera drin saman er spurning
hvort pessi gifurlegi munur 4 sterd hopanna endurspegli ekki ad einhverju leyti
raunverulegan mun og ad fjolkolluhdpar eins og einkolluhdpar hafi verid minni 2003.
Taka verdur fram ad audvelt var ad missa af sterstu hépunum par sem peir voru
hreyfanlegir it 4 opnu vatni og oftast fyrir utan pau mork sem teljanleg voru af landi. Oft
héldu stéru héparnir til vid eyjar (eigin athuganir) og ef peir voru { hvarfi p4 daga sem
svaedid var skannad komu peir ekki fram { talningum.

Minni ungahdpar og engir stérir fjolkolluhdpar hja raudhofda 2003 kemur heim og saman
vid litid my frambod og var ad 6llum likindum afleiding hérrar dénartioni.

Skufénd

Fjoldi hopa nadi hamarki 11.-20. jili en misjafnt var milli dra hve lengi nyir hopar héldu
afram ad betast vid Ut 4 vatn. Litill fjoldi hépa 2001 tengist liklega minna talningarataki
pad arid en ef borin eru saman tvo seinni arin pa var péttleiki hopa mestur 2002. Par sem
pessir hdpar samanstédu ad miklu leyti af dinungum bendir pad til pess ad sifellt vaeru ad
batast vid nyir hopar ut 4 vatn sem sameinudust peim hépum sem fyrir voru 4 vatninu.
Péttleiki jokst pvi eftir pvi sem leid 4 timabilid. Rannsdknir & dhrifum faeduframbods 4
fjolda verpandi para hafa synt fram 4 jdkvada fylgni vid faduframbod undangengins
sumars (Arnpér Gardarsson og Arni Einarsson 2004). Arid 2003 var fjoldi hépa { byrjun
timabilsins meiri en drin tvé & undan pratt fyrir frekar 1élegt ungadr 2002. Pétt fjoldi
verpandi kolla hafi liklega verid meiri 2002 hafa kollur verid fyrri til ad koma ungum
sinum ut 4 vatn 2003. Margar andategundir timasetja varp sitt Gt frd timasetningu isabrots
(Dessborn ofl 2009) og bar sem {sabrot var évenju snemma 2003 @ttu kollur ad vera
snemma 4 ferdinni med ungahdpa sina pad ar. Liklega hefur svipad att sér stad hja
raudhofda 2003 pé munurinn milli dra sé ekki eins dberandi. Hrod fakkun hépa 2003
bendir einnig til harrar danartidni pé erfitt sé ad fullyrda slikt par sem einnig geti verid ad
hépar ferdist tt af svedinu.

Eins og hj4 raudhofda var langalgengast ad skufandarungahdpar fylgdu einni kolla 1 juli.
betta breyttist eftir 10. dgdst, um tiu dogum seinna en hja raudhofda og voru pa
nullkolluhépar 75% af sédum hépum. Helmingur pessara hépa samanst6d af fidrudum
ungum en greinilegt var ad toluvert af ungum voru yfirgefnir 4dur en peir gatu bjargad sér
sjalfir.

Rykmyid byrjar venjulega ad koma upp & yfirbord toluvert 4dur en fyrstu ungar koma ur
hreidrum (Dessborn ofl 2009) og pvi skiptir mali fyrir kollur ad koma ungum sinum nidur
a vatn sem fyrst. Par sem raudhofdi parf ad treysta 4 ad feedan berist upp 4 yfirbord til ad
geta nytt hana, @®ttu lok kviknunar hja rykmyi ad skila sér strax { verri vidkomu
raudhofdaunga. Skufandarungar geta ndlgast fedu af botni sem raudhéfdaungar eiga erfitt
med.

72



Tidni fjolkolluhdpa hja skifond var ekki hd og nadi hamarki 2002 med 13% sédra hdpa.
béttleiki ungahdpa var eflaust langt frd pvi ad vera i hdmarki pau ar sem athugunin fér
fram en jafnvel pétt fjoldi hopa hefdi verid med mesta méti kemu fjolkolluhdpar liklega
ekki fram { talningunni nema ad litlu leyti par sem peir eru gjarnan uti & midju vatni par
sem talningar nadu ekki til.

Storir hopar voru algengir hja einkolluh6pum skufandar og almennt voru ungahdpar
breytilegri ad sterd en hja raudhofda. Hamarksfjoldi eggja hja skidfond eru 14 egg
(Dugger og Blums 2001) og vid getum pvi gefid okkur ad kolla med 15 eda fleiri unga 4 pa
ekki alla sjalf. Slikir hépar komu fyrir & 6llum aldursstigum og i 6llum drum. Litlir ungar
voru almennt fleiri { hop en stérir ungar. Tveir sterstu einkolluhdparnir med 40 og 50
ungum voru p6 samsettir af storum ungum og hépar med fleiri en 15 ungum voru algengir {
pessum aldursflokki. Ljost er ad samhlida faekkun i hopum vegna affalla verdur einnig
fjolgun vegna samruna hépa. Slikur samruni hefur greinilega 4tt sér stad strax 4 fyrstu
aldursstigum og jafnvel fyrir klak med snikjuvarpi. Snikjuvarp par sem fleiri kollur verpa i
sama hreidur er algengt medal vatnafugla (Beaucamp 1997) og hefur ekki neikvaed 4hrif 4
uppkomu unga ef pad er ekki i mjog stérum stil (Dugger og Blums 2001). P6 hlytur pad
ad geta skipt mali ad kolla geti legid 4 ungum sinum par sem feda er af skornum skammti
og vedur kold. Adarfugl liggur annad slagid 4 ungum sinum fyrstu tver vikurnar { lifi
peirra, sérstaklega i vondum vedrum (Mendenhall 1979) og eru pad p6 med kuldapolnustu
ungum (Koskimies og Lahti 1964). Oft sést kolla hvila med unga sina a landi og voru pa
ungar gjarnan { einum hnapp ymist upp vid kollu eda pétt saman nalegt kollu (eigin
athuganir).

I einkolluhépum med 15 eda fleiri ungum er ljést ad jafnhlida samruna hépa, hefur
allavega ein kolla tynt frd sér eda yfirgefid unga sina. Su adgerd kollu ad yfirgefa unga
sina er pvi algengari en fjoldi yfirgefinna hépa gefur til kynna. Ekki er vitad hversu
algengt pad er ad stakar kollur renni saman vid einkolluhdp an pess ad eiga nokkurn unga {
hépnum og mynda pannig fjolkolluhdp. Par sem fjolkolluhéparnir voru svo stérir er 1jost
ad peir hafa myndast vid samruna fleiri hopa par sem allavega ein kolla fylgdi einhverjum
peirra.

Kolla getur ekki séd jafn vel um alla unga { stérum ungahép (Ost o.fl. 2007) og pvi er
ungum fyrir bestu ad vera { minni hopum 4 eftir einni kollu eda { fjolkolluhép par sem ekki
of margir ungar eru um hverja kollu. Ef kolla parf ekki ad liggja 4 ungum og afrén er litid
getur verid ad hlutverk kollu sé ekki eins vidamikid og ekki purfi nema eina kollu til ad
leida unga milli bestu fedusveda. Allur pessi fjoldi nallkolluhépa og storir einkolluhépar
bendir til ad kostnadur hafi verid fyrir kollur ad halda til hja ungum sinum og { samrami
vid pad ad betri fedusvaedi voru { bodi fyrir per 4 svedum par sem par gitu ekki tekid
unga sina med sér.

Huasénd

Talningaréatak var 1 6fugu hlutfalli vid algengi tegunda pannig ad fjoldi hépa 1 athuguninni
endurspeglar ekki tidni peirra & svedinu. Talningarataki var hinsvegar ad mestu haldid
Obreyttu ut talningartimabilid og pvi @ttu breytingar 4 fjolda hdépa ut timabilid ad gefa
visbendingar um breytingar { fjolda hopa & svedinu. Husandarungar virtust seinna a
ferdinni heldur en raudhofdi og skufond. Husond hélt til ad einhverju leyti & Myvatni en
p6 voru mun fleiri hépar sem fundust 4 Lax4. fsabrot 4 Myvatni og kviknun rykmys hefur
pvi ekki eins bein dhrif 4 timasetningu varps hja hisond.
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Hj4 hisond voru einkolluhépar algjorlega rikjandi og 6likt raudhofda og skifond hélst pad
astand ner obreytt ut allt timabilid. Fjolkolluhdpar fundust ner ekki og kemur pad ekki a
Ovart par sem hdsondin er 6dalsbundin og ver 6dal sitt med ,kjafti og klom*, jafnt gegn
00rum tegundum sem og 6drum kollum eigin tegundar (Eadie ofl 2000).

bétt nillkolluhdpar veaeru sjaldgeafir allt timabilid, jokst tidni peirra svolitid eftir 10 dgust.
Voru pad pa nar alltaf hopar med stalpudum ungum. Kollur sem attu 6dul sin 4 Laxa saust
einstaka sinnum fljiga fr4 ungum sinum nidur dna en koma fljigandi til peirra aftur stuttu
sidar. Arni Einarsson fylgdi kollum eftir sem yfirgafu unga sina med pessum hztti og
komst ad pvi ad par vaeru ad éta nedar 1 dnni. Par sem my kviknar seinna nedar i dnni
(Arni Einarsson 1987) eru likur til ad par sé meiri feda fyrir unga hennar seinna 4
timabilinu. Ef svo er pd er liklegt ad petta atferli hafi aukist pegar lida tok 4 timabilid.
Eadie og Lyon (1998) tala um ad husandarkollur yfirgefi unga sina ef fjoldi peirra fer nidur
fyrir dkvedin mork pannig ad kostnadur vid uppeldid er meiri en hugsanlegur
nylidunardrangur. Nokkud var um mjog litla nillkolluh6pa par sem ungar voru 1-3 { hép
og ekki haegt ad utiloka ad peir hafi verid endanlega yfirgefnir pétt peir veru liklegir til ad
renna saman vid adra ungahdpa 4 svadinu.

bau fau skipti sem fleiri en ein kolla sdst med ungahdp voru ymist samfelld slagsmél a
milli kolla eda ungahdpurinn & milli peirra var svo stér ad par purftu ekki ad horfa hvor &
adra (eigin athuganir). Einnig sdust storir ungar med fleiri kollum { fellihépum svo liklega
dettur drasarhneigd kollunnar nidur pegar ungar hennar hafa ndd dkvedinni sterd. Pott
kollur séu mjog Sumburdarlyndar gagnvart 60rum kollum og ungum annarra tegunda
syndu par ekki drdsarhneigd gagnvart ungum eigin tegundar. Atti pad vid pott
adkomuungar veru af annarri sterd en hennar eigin. Oumburdarlyndi kollu gagnvart
00rum husandarungum og pa sér i lagi ungum af annarri sterd en hennar eigin er vel pekkt
i Nordur-Ameriku (Eadie ofl 2000).

Ungahépar hasandar minnkudu ekki med aldri eins og hja hinum tegundunum og sumarid
2002 voru hépar med eldri ungum fleiri en hépar med litlum ungum. Bendir petta til pess
ad samruni vari meiri en sem svaradi afollum unga og jafnframt ad 6had pvi hvort samruni
hafi att sér stad 4 fyrstu stigum pa hafi hann haldid 4dfram & eldri aldursstigum unga.
Bitmyid i Laxa var { lagmarki petta ar (5. mynd).

bétt fjoldi unga 4 Laxa syni almennt veika fylgni vid sveiflum i bitmyi (Arni Einarsson
o.fl. 2006) pa er dreifing ungahdpa 4 dnni og vatninu hidd pvi hvar mest er af bitmyi 4
hverjum tima (Arni Einarsson 1990). Par sem bitmyid kviknar 4 mismunandi tima 4
mismunandi stodum, er 1jost ad husondin parf ad skipta um 6dul til ad geta fylgt myinu
eftir. I slemum drum eins og 2002 pegar bitmymid { Laxd er { ldgmarki (5. mynd) p4 ma
gera rad fyrir ad pad klérist fyrr 4 hverjum stad. Fyrir husandarkollu med unga pydir pad
orari ferslu milli sveda og pd um leid ohjdkvaemilega ferd med unga um 6dul annarra
kolla, fleiri slagsmél og um leid harri likur 4 samruna hépa. Auk pess eru dkjésanleg
fedusvadi faerri og pétt setin og ytir pad einnig undir drekstra og samruna hoépa.

Breytileiki { sterd husandarungahdpa var meiri en hja raudhofda og jafnvel meiri en hja
skafond. Liklega vegna pess ad samruni hopa var algengari en hjd hinum tegundunum.
Hopar med ND/LD ungum par sem litill samruni hafdi enn att sér stad voru starstir 2003
og md lita 4 pad sem visbendingu um betri lifun litilla unga pad ar. Vegna pess hve
veturinn 2002-2003 var mildur og {is leysti snemma af Myvatni ma reikna med ad
feeduframbod hisandarkollna yfir veturinn hafi verid med besta méti og gaeti pad hafa leitt
til pess ad kollur komu fleiri lifvenlegum ungum 1t 4 vatn 2003.
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Fjolkolluhdpar voru adeins fyrir hendi 2002 og 2003 og var edlismunur 4 peim. Arid 2002
var mikil samkeppni um bestu 6dulin, 4flog milli kollna voru algeng og ungahdépar lentu &
milli. Margir hépar runnu saman og pegar ungahdparnir voru ordnir mjog stérir voru meiri
likur & ad kollur getu umborid hvor adra timabundid 4 medan ungahdépurinn skyggdi 4
andstedinginn. Arid 2003 voru fjélkolluhdpar { flestum tilfellum stérir ungar sem voru
komnir saman vid fellihdpa (eigin athuganir). Eina skiptid sem tvar kollur sdust saman
med ungahdp an pess ad vera { aflogum, var eftir ad paer hofou felst undan veidimonnum
saman { hop og var pad astand liklega mjog timabundid. Virdist sem fjolkolluhdpar hafi
myndast pessi tvo 4r af Slikum dstedum. Arid 2002 hefur feduskortur valdid hardri
samkeppni um 6dul med tilheyrandi slagsmdlum og samruna hdpa en 2003 eru ungarnir
ordnir stérir og komnir saman vid fellihbpa. M4 hugsa sér ad 4arid 2001 hafi
6umburdarlyndi milli kollna og litil hépasterd ordid til pess ad fjolkolluhdpar hafi ekki
nad ad myndast eda pa verid skammlifir.

3.4.2 Timanotkun

Raudhofoi

Langmestur timi raudhofdaunga for 1 4t og tilferslu. Raudhofdi kafadi 6gjarnan og
sérh®fdi sig { faduoflun af yfirbordi. Pegar ungahdpar syntu milli stada pikkudu ungar um
leid af yfirbordi og pvi var faeduoflun ekki lokid pott tilfersla atti sér stad (eigin
athuganir). Tilfersla var mismikil milli ara og mest 2003. Pegar feda er af skornum
skammti fer gjarnan meiri timi { ad leita hennar. Vida voru flugur 4 yfirbordinu (eigin
athuganir) en hver biti er litill pegar langt er & milli peirra og purfa ungarnir ad vera 4
stodugum ponum til ad fa n6g og dugar pad oft ekki til. Munur 4 fedudflun og tilfaersiu
verdur sérstaklega dgreinilegur vid slik skilyrdi.

Meiri timi fér 1 hvild 2003 en 2002 og 2001. Pad er liklega visbending um ad feduodflun
skiladi litlum drangri og ungar voru orkulausir og purftu oftar ad hvila sig.

Faduframbod er ekki pad sama fyrir alla ungahépa. Fadan getur verid hnappdreifd og
kollur misjafnlega heppnar eda reyndar vid ad finna bestu fedusvadin. Pott stor hluti unga
svelti, lifa einhverjir hépar vid pokkaleg skilyrdi & svedum par sem feedan er hvad péttust.

Faduatferli raudhofdans sker sig frd hinum tegundunum par sem hann sérhaefir sig {
fedundmi af yfirbordi. Ungar raudhofdans halfkofudu annad slagid en kofudu naer ekki
neitt. Litill ungi ner ekki nidur & mikid dypi med pvi ad hélfkafa og liklega purfa
feeduagnir ad vera { miklu magni til ad pad borgi sig framyfir pad ad tina f&du af yfirbordi.
Kofunin kostar meiri orku en 4t af yfirbordi. A grunnum svedum par sem fada 4 botni er {
miklu magni og litla f&du er ad finna 4 yfirbordi getur borgad sig fyrir unga grdanda ad
reyna kofun. Halftkofun og kofun komu varla fyrir 2001 en voru samanlagt 30% af attima
unganna 2003.

Skuafond

Skafond svipadi til raudhofda hvad vardar timanotkun. Munur milli dra er pé ekki eins
afgerandi. PO miatti einnig sja hjd skufond ad minna tima var varid { fadundm 2003 og
meira tima eytt { hvild. Skufandarungar byrja fedundm sitt oftast med ati af yfirbordi en
na fljott tokum 4 kofun og med auknum proska eykst tidni og lengd kafanna (Hill og Ellis
1984). Med kofun verdur sterri hluti fedunnar adgengilegur. Jafnhlida pvi ad minnstum
tima var varid i feduodflun 2003, var mjog litid pikkad af yfirbordi. Mjog liklega
endurspeglar petta litid frambod 4 feedu af yfirbordi.
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Hldsond

Husond var frabrugdin hinum tegundunum { timanotkun sinni eins og 6dru og fér afgerandi
minni timi hja henni { tilfeerslu. Eins og 4dur hefur komid fram er hisondin 6dalsbundin &
varptima og kolla ver fadudédul unga sinna gegn 6drum vatnafuglum. Hun fer pvi ekki
eins mikid milli sveda og hinar tegundirnar en heldur sig pess 1 stad 4 6dalinu par til feda
verdur af skornum skammti (Arni Einarsson 1990).

Annad sem einkenndi timanotkun hisandarunga var hvild sem t6k um helmingi meiri tima
hja peim en hja raudhofda og skiafond. Petta var { dgaetu samremi vid nidurstodu Eadie
(2000) sem nefnir ad husandarungar noti 28% af tima sinum { fedundm og 35% i hvild og
snyrtingu. Ungar 4 Laxd purfa ad berjast vid stodugan strauminn medan 4 fedudflun
stendur og hlytur pad ad kosta pa toluvert meiri orku heldur en kéfun 1 lygnu vatni. Meiri
straumur @tti lika ad pyda meira hitatap og pvi er liklegt ad vidhald fjadurbinings verdi
sérstaklega mikilvaegt.

Mikil orkunotkun hdsandarunga gerir krofur um sérstaklega gott adgengi ad fadu og fer
mikill timi og orka hja ungakollum 1 ad velja gott fedusvadi handa ungum sinum og verja
pad af horku. Meira en 50% af tima hdsandarkolla med unga fer 1 pad ad vera 4 verdi
(Eadie 2000) og par sem afrdan er litid eru par fyrst og fremst 4 verdi gegn 6drum
vatnafuglum. Ef faduframbod er gott fa ungar sem alast upp 4 slikum ldxus blettum ad
hama 1 sig fedu af botninum. Ef fadan er nag fyllast peir fljétt og fa tima til ad hvila sig
pess & milli og halda fjadurbuningi sinum { gédu lagi.

Eins og adur segir feerir hiusondin sig milli Laxar og Myvatns eftir pvi hvar faduframbod
er mest hverju sinni. Hugsanlega hafa pvi hlutfallslega fleiri husandarungahépar verid a
vatninu 2001 en verid fleiri & Laxa 2003. P6tt 2002 hafi verid botnar 4 Laxa var pad lika
slemt 4 Myvatni og pvi hugsanlega hisondin leitad pangad med hépa sina i von um betri
fedu. Gati dvol unganna 4 anni utskyrt af hverju svo mikill timi fer i hvild pau ar en ekki
2001. Faeduframbod var med verra moti bedi 4 Myvatni og Laxd 0ll pessi ar en par sem
hisondin velur feduddul sin af natni er spurning hvort peim kollum sem 4 annad bord
nadu ad verpa og verja faduddul hafi tekist betur en raudhofda og skifénd ad koma upp
ungum sinum.

Faeduatferli husandarunga svipar mjog til skifandarunga og voru allar tegundir samtaka {
pvi ad éta minnst af yfirbordi 2003. Husandarungar taka annars minna af yfirbordi heldur
en hinar tegundirnar og tengist pad eflaust pvi ad flestir peirra voru stadsettir 4 Laxa. Pad
kemur p6 fyrir ad peir hélfkafi og er liklegt ad vida medfram bokkum Laxar séu blettir
négu grunnir til ad ungarnir ndi nidur 4 botn med peim hatti. Halfkéfun er eflaust ekki
eins orkukrefjandi og kofun og par sem hagt er ad koma pvi vid med gédum drangri
virdast ungar allra tegunda beita pvi. Olafur Karl Nielsen (1998) kannadi faduatferli
andarunga vid Myvatn og p.4.m. hisandarunga. Hann komst ad pvi ad dinungar hidsandar
vordu miklum tima { at af yfirbordi eda 40-60% af attima og er pad svipad og skufondin
gerir 1 pessari athugun og reyndar hisandarungarnir 2001 en pa eyddu peir um 55% af
attima sinum { ati af yfirbordi. Peir beita pvi eflaust pessari adferd eins og hinar medan
fedu er ad hafa af yfirbordi.
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3.4.3 Fjarlaegd unga fra kollu

Eftir pvi sem fjarlegd unga fra kollu eykst aukast likur 4 afrdni (Swennen 1970). Ungar
leitast pvi stodugt vid ad vera i sem mestu navigi vid kollu. P6 eru ymsir pattir sem hafa
ahrif 4 pessa fjarlegd unga og ekki er 1jost hvort afrdn sé forsenda pess ad ungar vidhaldi
pessari ndnd vid kollu. Pétt afran virdist vera litid & Myvatni hefur préunarsaga vatnafugla
verid samofin préunarsogu afreningja frd dmunatid og Svist ad litid afrdn sidustu dratugi
sé negjanlegt til ad breyta edlislegum o6tta og vidbrogdum andategunda vid afrani.

Fjarlegd unga fra kollu var mjog breytileg. Ungar gétu verid i einum hnapp pétt uppvid
kollu eda svo dreifdir ad erfitt var ad sja hvada kollu peir tilheyrdu. Erfitt var ad bera
tegundir saman par sem breytileiki var meiri milli dra heldur en milli tegunda.

Raudhofai

Raudhofdaungar voru dreifdari umhverfis kollu heldur en skifond og hdsond 2002.
Munadi par mest um unga sem voru meira en 20 kollulengdir frd kollu. Slikir h6par voru
algengastir hja raudhofda 2002. Var par gjarnan um ad reda staka unga ur hopnum sem
reikudu um nidursokknir i faeduleit og var & morkunum ad peir fylgdu hépnum yfirh6fud
(eigin athuganir). Fjarlegd pessara einstaklinga var meiri en annarra unga i hépnum.
Swennen (1988) lysir samberilegu atferli hja @darungum { tilraun par sem ungar fengu
mismikid ad éta. Ungarnir sem minnst fengu féoru smam saman ad rasa lengur frd hépnum
og hreyfingar peirra urdu Orari an pess ad pad virtist skila meiri drangri vid f&dundmid.
Raudhofdaungarnir { minni athugun voru liklega ad verda adframkomnir og eyddu allri
athygli og orku { faeduleit 4 kostnad oryggis. I mjog stérum ungahépum gat lika komid
fyrir ad fjarlegd fra kollu yrdi meiri en 20 kollulengdir en stérir hopar voru algengastir hja
raudhofda 2002.

Fjarlegd unga fra kollu virtist ad einhverju leyti fara eftir atferli unga og aldri peirra en
pessi tengsl voru 6lj6s og breytileg milli dra. P6 virtist gegnumgangandi ad ungar voru
dreifdastir vid faduoflun. Arid 2003 eyddu ungar minnstum tima i fedudflun og pad ar
voru peir jafnframt dberandi nastir kollu. Ad auki var 4tatferlid sjalft frabrugdid milli ara
og virtust ungar vera hvad dreifdastir vid at af yfirbordi (eigin athuganir). Par sem étid var
minnst af yfirbordi 2003 gaeti pad utskyrt meiri péttleika pad 4r.

Ekki var afgerandi munur milli 4ra 4 sambandi fjarlegdar unga frd kollu vid aldur og var
arum pvi slegid saman. Eldri ungar virtust fara lengra fra kollu heldur en yngri ungar.
Hugsanlega endurspeglar pad minni afrdnshattu hja elsta aldurshopnum en einnig gaeti
annad spilad par inn. Staerri ungar taka meira rymi vegna sterdar sinnar og { sterri hopum
er jafnvel p6 nokkrar kollulengdir 1 ystu unga pétt peir séu 1 péttum hnapp.

Skuafond

Eins og hja raudhofda voru ungar skifanda lengst fra kollu 2002 og almennt dreifdastir vid
feeduoflun. Einnig voru ungar skifandar nastir kollu 2003 pétt dreifdustu héparnir voru
einnig algengastir pad ar. Hoépar 4 bilinu 5-10 kollulengdir fra kollu voru langalgengastir
2001. Pad ar eyddu ungar meiri tima { at en 2002 og 2003 og mestum hluta af dtima sinum
eyddu peir 1 ati af yfirbordi. Ef vid gefum okkar ad adgengileg feeda hafi verid hvad mest
petta ar, er liklegt ad fleiri ungar varu ad fi negjanlega faedu til ad fylgja kollu vel eftir. A
sidasta darinu pegar minnst er ad hafa 4 yfirbordi pa eru ungar uppgefnir og svangir enda
orkufrekt ad kafa og pvi fer meiri timi { hvild. Hvorki kéfun né hvild krefst mikillar
dreifingar og pvi eru hdpar gjarnan nalegt kollu.
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Um éhrif aldurs 4 fjarlegd unga fra kollu er erfitt ad segja nokkud med vissu. Adrir paettir
svosem atferli eda astand unga virtust hafa par meira ad segja og skyggja 4 hugsanlegt
samband aldurs vid fjarlegd unga fra kollu. Hja badi elstu og yngstu hépum koma mjog
dreifdir ungahodpar fyrir. Getur pad tengst b&di uppgefnum ungum sem rafa langt fra kollu
og/eda stérum ungahopum par sem fjarlegd ystu unga fra kollu verdur mikil vegna sterdar
hopsins.  Ungahépar med fidrudum ungum par sem kolla var engin var lika metin ad
péttleika en slikir hopar géatu verid dreifdir badi vid feduodflun og annad og liklega frekar
losaraleg sem hopeining pegar engin kolla var til ad halda peim saman. Hefur dreifing
peirra liklega fyrst og fremst radist af dreifingu adgengilegrar fedu.

Hldsond

Ungar hasandarkolla eiga pad sameiginlegt med raudhofda og skifénd ad vera nast kollu
2003. Eins og hja peim ma skyra pennan péttleika ad einhverju leyti med atferli par sem
minnst var étid af yfirbordi pad ar. Husandarungar voru aberandi langt fra kollu 2001.
Engir storir hépar fundust pad ar og pvi ekki hagt ad skyra fjarlegd unga fra kollu med pvi
moéti. Meiri timi { yfirbordsat og litill timi 1 hvild skyrir meir fjarlegd unga fra kollu en
adur hefur einnig verid minnst & moguleikann ad hlutfallsega hafi fleiri ungar verid a
Myvatninu sjélfu petta ar { stad Laxar og atferli unga borid merki pess. Aldur hafdi ekki
afgerandi 4hrif 4 fjarleegd unga fra kollu og hefur atferli og astand unga liklega meira um
pad ad segja eins og hja skafond. Tilhneiging eldri unga til ad vera i oOrlitid dreifdari
hépum metti allt eins skyra med meiri sterd peirra hopa.
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3.4.4Umra0a

Myvatn og Laxa eru audugt fuglasvaedi og varppéttleiki er mikill (Arnpér Gardarsson og
Arni Einarsson 2002). Vidkoma ymissa tegunda er had framleidslu rykmys { vatninu en
magn pess fylgir dkvednum sveiflum og er mismikid milli 4ra (Arnpér Gardarsson og Arni
Einarsson 1994, 1997, Arnp6r Gardarsson 2006). Pau ar sem athugunin fér fram, var
rykmy 4 nidurleid og nddi meiri legd en 4dur hafdi melst 2003 (4. mynd). Markmid
athugunarinnar var ad bera saman samsetningu og atferli ungahépa milli tegunda.
Jafnframt var gerd tilraun til ad sja hvort petta tvennt geti gefid visbendingar um
feeduframbod.

Litlir hépar (3-6 ungar) sem fylgdu einni kollu voru algengastir hja 6llum tegundum. Par
sem samruni hdopa 4tti sér stad jafnhlida affollum var erfitt ad adgreina petta tvennt en
fjoldi hépa for nokkud hratt dvinandi eftir aldri hja raudhofda og skifond. Hja hisond var
algengt ad sjd einnig eldri unga. Hja raudhofda voru hépar nokkud minni 2003, en hann er
hvad hadastur fedu af yfirbordi (Batt 1992) og pvi liklegt ad verri vidkoma komi fyrst
fram hja honum { Iélegum arum.

Storir einkolluhépar med fleiri en 15 ungum voru algengir hja skifond og hisond en komu
varla fyrir hja raudhofda. Hugsanlega eru ungar raudhofda hadari pvi ad kolla liggi 4 peim
heldur en kafandarungar og pad takmarkar svo aftur hopasterd. Par sem ungar i stéru
hépunum voru gjarnan af mjog 6likri steerd ma sja ad samruni hépa atti sér stad eftir ad
komid var ut 4 vatn. Nullkolluhdépar voru nokkud algengir sérstaklega hja raudhofda og
skifond nema 4arid 2001 pegar feda var adgengilegust. Kollur virtust pvi yfirgefa unga
sina frekar { &rum pegar feda var af skornum skammti. Bendir pad til pess ad par hafi att
meiri moguleika 4 fedu annars stadar pangad sem par gatu ekki tekid unga sina med sér.
Hugsanlega hefur litid afrdn 4hrif & 4&kvordun kollu ad skilja unga sina eftir par sem ungar
gatu bjargad sér sjalfir um stundarsakir og yfirgefnir ungar fundu oft sjalfir hépa sem peir
sameinudust an adstodar kollu (eigin athuganir). Pad hve algengt virtist vera ad kollur
yfirgefu unga sina og kostnadur sem virtist fylgja pvi ad bida med ungum 4 fedusvedum
sem hentudu ungum skyrir eflaust ad einhverju leyti af hverju fjolkolluhépar voru svo
sjaldgeefir. Pegar ungar nddu pvi stigi ad fylgja kollum eftir 4 betri fedusvadi fyrir utan
talningarsvaedi pessarar athugunar er liklegt ad fjolkolluhdpar hafi verid mun algengari.

Pad hve sjaldan nidllkolluhépar komu fyrir hja hiisond tengist stadsetningu hennar 4 Laxa.
Par virtust bestu fedusvaedi fyrir unga og kollur vera pau soému og enginn hagur fedulega
séd fyrir kollu ad yfirgefa unga sina. Par sem hdsondin er 6dalsbundin gat hin purft ad
berjast vid adrar husandarkollur um bestu svedin og par kollur sem 1étu { minni pokann {
slikri samkeppni gétu valid ad yfirgefa unga sina { hendur kollunnar sem hafdi betur.
Ungar hisandar voru pvi sjaldan skildir kollulausir eftir.

Ungahépar eyddu mestum tima sinum i fedundm og rafudu ungar pa hvad lengst fra kollu,
sérstaklega pegar €tid var af yfirbordi. Péttleiki unga var hins vegar mjog breytilegur vid
hvild og tilfeerslu. Ad 6dru leyti var pad helst hisond sem skar sig ur vardandi atferli en p6
adallega 2002 og 2003. Olikt atferli tengdist 6dalshegdun hennar par sem hin ferdast
minna milli feedusvada en hinar tegundirnar (Arni Einarsson 1987). Einnig er liklegt ad
stadsetning hennar 4 Lax4 hafi dhrif 4 atferli hennar. Arid 2001 er fduframbod 4 Myvatni
hvad skast (4. mynd) og hagt ad hugsa sér ad fleiri hisendur hafi haldid til med ungahdpa
sina 4 vatninu pad 4r. Pad gati skyrt af hverju hisondin eydir mun minni tima { hvild pad
ar og svipar pad til timanotkunar raudhofda og skuifandar pad ar. Stadsetning hennar &
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Laxa 4 voldum feduddulum skyrir styttri attima og meiri hvild par sem péttleiki feedu er
meiri en jafnframt orkukrefjandi ad nd honum. Pad hvad 4rid 2001 sker sig ur hja husond
vardandi atferli og hvad pad er jafnframt keimlikara atferli raudhofda og skifandar bendir
til ad haerra hlutfall hennar hafi haldid til med unga sina & Myvatni pad ar enda liklega
skarra feduframbod par pad arid. Nénari drvinnsla og frekari athuganir pyrfti til ad leida
petta { 1j6s. Munur kom fram milli 4ra hja 6llum tegundum vardandi feduatferli. Atu allar
tegundir minnst af yfirbordi 2003 og jafnvel raudhofdi eyddi 30% af atatferli sinu 1 kofun
eda halfkofun pad 4r. Atatferli unga virdist geta gefid hugmynd um frambod adgengilegrar
feedu.

Nokkur atridi flektu urvinnslu: Fyrsta athugunardrid var adferdafredin i moétun og
talningaratakid var nokkud minna pad ar. Fjoldi hopa 2001 var pvi ekki samanburdarhafur
vid fjolda hopa 2002 og 2003. Annad atridi var afmorkun talningarsvadisins en adeins var
talid pad svadi sem sdst frd landi. Talningarsvadi nddi ekki ndgu langt Ut 4 vatn til ad fa
inn eldri ungastigin sem gjarnan safnast par i stora ungafleka. Ekki reyndist unnt ad greina
milli affalla og fledi hopa tt af talningarsvedinu. Enn eitt atridi flaekti drvinnslu gagna en
pad var skipting ungahépa & Myvatni annarsvegar og Laxa hinsvegar. Pessi skipting kom
fyrst og fremst fram hjd hisond sem hélt til 4 bddum svedum. Margt { hegdun og
samsetningu ungahdpa hjd husond matti rekja til pess ad hun hélt til 4 6liku busvaedi en
erfitt gat verid ad greina 4 milli tegundamunar annarsvegar og bisvedamunar hinsvegar.

Par sem busv®di virtust hafa dhrif 4 samsetningu og atferli ungahépa veri pess virdi ad
bera hiisond saman 4 pessum tveimur 6liku sveedum med pad { huga. Hegdun hdsanda var
ad morgu leyti 6utskyrd. Per toku dspart ad sér hiisandarunga fra 6drum kollum jafnhlida
pvi ad per vordu émaldum tima og fyrirhofn { ad drekkja ungum annarra tegunda sem
villtust inn & 6dal peirra. Einnig var breyting faduatferlis hjad 6llum tegundum milli ara
athyglisverd og bidur um frekari athuganir. Almennt virdist nokkud vanta uppéd heimildir
um pessar tegundir er snda ad 6dru en stofnsterdum, ddnartidni og nylidun. Eg hef ekki
rekist & heimildir um &hrif feduframbods 4 faduatferli. Spennandi veri ad skyra petta
atferli ndnar og vita hvort nyta matti feduatferli ungahopa sem kvarda 4 adgengi fadu
(rykmy) { votnum. Ba&di raudhofdi og skufond 4 Myvatni @ttu ad henta vel til slikra
athugana.
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Myndir

1. mynd Kort af rannsoknarsvedinu. Myvatn og efsti hluti Laxdr.
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2. mynd. Medalhitastig fyrir og d medan ungatimabili stendur. Medaltalio er frd
timabilinu 1960-1990 (Vedurstofa Islands vefsioa b).
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Mai -
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1980 1985 1990 1995 2000 2005 2010

3. mynd. Isabrot 4 Myvatni d drunum 1980-2008. Arid 2003 sker sig iir par sem isabrot
vard riumum mdnudi fyrr en [ medaldri eda 26. mars (Obirt gogn frd
Nattirurannsoknastodinni vio Myvatn). Rannsoknartimabilio er audkennt med svortum
punktum.
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4. mynd. Magn rykmys (Chironomidae) sem veiddist i gildrum d bokkum Myvatns.
Rykmyio var i mikilli nioursveiflu 2001-2003 pegar athugunin for fram (svortu punktarnir)
(Gogn frd Nattiirurannsoknastodinni vio Myvatn).
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5. mynd. Fjoldi bitmys (Simulium vittatum) i efri hluta Laxdr samkvemt talningum ur
gildru sem stadsett var i Dragsey. Svortu punktarnir eru drin sem athugunin var gero.
Bitmy var [ nidursveiflu 2001 og 2002 en d wuppleio 2003 (Gogn frd
Ndttirurannsoknastodinni vio Myvatn).
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6. mynd. Fjoldi kollna med ungahdpa eftir timabilum hjd raudhofoa, skifond og hiisond
2001-2003. Sjaldan var meira en ein kolla med hverjum ungahop. Um og eftir fyrstu
vikuna i dgust vard algengt ad engin kolla veeri med ungahopnum.
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Raudhofdi Skafond Husond
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7. mynd. Ungasterdir hja nill- ein- og fjolkolluhopum.  N= fjoldi ungahopa.
Niillkolluhopar samanstéou gjarnan af eldri fioruoum ungum. Po var eitthvad um ad
yngri (ND/LD) ungar voru ekki i fylgd kollu. Nillkolluhopar komu sjaldnar fyrir hjd
hiisondinni heldur en hinum tegundunum (tafla 4).
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8. mynd. Hopasterdir einkolluhdpa hjd raudhofoa. Pverstrik kassanna syna miogildi, efri
og nedri hlio kassanna eru fjoroungsmork og hringirnir eru stakar athuganir. N =
synasteerd. Ekki var munur d hopasteero eftir aldri (tafla 5). Hépar SU voru minni 2003
heldur en onnur dr (tafla 6 og 7).
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9. mynd. Hopasteerdir einkolluhdpa hjd skiifond. Sjda skyringar d grofum vio 8. mynd.
ND/LD hopar voru sterstir og minnkudu eftir sem ungarnir urou eldri (tafla 5). Storir
hopar med fleiri en 10 ungum voru algengir d badum aldursstigum. Litlu ungarnir voru i
steerri hopum 2002 heldur en 2003 (toflu 6 og 7).
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10. mynd. Hopasterdir einkolluhopa hja hisond. Sjd skyringar d grofum vio 8. mynd.
Hopar voru svipadir ao steerd hja storum og litlum ungu 2001 og 2003 en litlir ungar voru
{ minni hopum en storir ungar drio 2002 (tafla 5). ND/LD hopar voru steerstir 2003 en SU
hopar voru minnstir 2001 (tafla 6 og 7).
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11. mynd. Hopasterd raudhdfoa par sem mismargar kollur fylgja ungahopum. Sjd
skyringar d grofum vio 8. mynd. Fjolkolluhopar eru steerstir.
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(n=59) (n=235)(n=20) (n=184) (n=376) (n=85) (n=158) (n=239) (n=30)

12. mynd. Hdpasterd skifanda par sem mismargar kollur fylgja ungahdpum. Sjd
skyringar d grofum vio 8. mynd. Fjolkolluhopar eru steerstir.
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13. mynd. Hoépasterd hiisanda par sem mismargar kollur fylgja ungahdépum. Sjd skyringar
d grofum vio 8. mynd. Fjolkolluhopar voru sjaldgeefir og sdust ekki drio 2001.
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14. mynd. Atferli ungahdpa. Raudhofdi og skiifond eyoa svipuoum tima i hvern
atferlisflokk. Hisondin eydir minni tima i tilfeerslu og feeOundm og meiri tima i hvild.
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15. mynd. Feeduatferli ungahopa. Allir ungar dtu toluvert af yfirbordi. Kofun var algeng
hjda kafondunum en kom lika fyrir hja raudohdofoa pott algengara veeri ad peir hdlfkofudu.
Feeouatferli var svipad hjd skiifond og hiisond en po kafadi hiisondin hlutfallslega meira en

skiifond 2002 (tafla 8). Arid 2001 skar sig iir ad pvi leyti ad ungar allra tegunda kifudu
minna en 2002 og 2003 (tafla 9).
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16. mynd. Fjarlegd ungahopa frd kollu var breytileg. Riflega helmingur ungahopa (59-
77%) héldu sig innan vio 10 kollulengdir frd kollu. Munur milli tegunda var ekki mikill po
rauohofoaungar voru fjer kollu heldur en skiifond og hiisond drio 2002 (tafla 10).
Fjarlego unga frd kollu var breytilegur milli dra (tafla 11) og skar drio 2003 sig iir par
sem ungahdpar voru almennt péttari. Hjd raudhdofoa og skiifond var algengast ad sja mjog
dreifda hopa 2002 en hjd hiisondinni voru hoparnir hvad dreifoastir 2001.
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Toflur

Tafla 1. Steerdir unga. ND flokknum tilheyra ungar par sem enginn synilegur voxtur hefur
att sér stad. Ungum steerri en SD var stundum slegio saman i einn hop, storir ungar (SU)

Steerd Skilgreining
ND Nyklaktir dinungar
LD Litlir ddnungar
MD Medal dinungar
SD Stérir dinungar
FU Fidradir ungar
SU Stérir ungar (SD og FU)

Tafla 2. Atferlisflokkar ungahopa.

At At eda hvild milli kafana.
. Farid 1 kaf, verid { kafi eda komid ur kafi. Einnig stuttar pasur milli
Kofun
kafana.
Halfkofun | Lodrétt stada med hofud og halfan buk 4 kafi.
Af Nef hreyft eftir eda rétt undir yfirbordi vatns eda dyft med

yfirbordi | reglulegu millibili ofan { vatn.

Gangur eda sund ur einum stad { annan. Nokkud dkvedinni stefnu

Tilfzersla haldid { meira en 10 sek

Hvilir h6fud med nef milli fjadra og/eda hefur augu lokud. Getur
verid b2di 4 vatni eda standandi/liggjandi 4 landi.

Dregur fjadrir i gegnum nef. Endurradar fjodrum med nefi, nuddar
Snyrting hofdi og eda nefi yfir fitukirtil & stéli og dreifir um fjadurbining.
Klorar sér 1 h6f01 eda hnakka med fotum.

Hyvild

Annad atferli Atferli sem ekki kemur fyrir hér ad ofan..

Ungar syndu streituhegdun med pvi ad safnast i péttan hép og vera
sem nast kollu.

Synda { hringi og pipa stodugt p6 kolla sé 1 naesta nadgrenni. Mikil
virkni en engin sjdanlegur tilgangur.

Streita

Orvinglun
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Tafla 3. Fjoldi ungahopa eftir timabilum. Medalfjoldi ungahdpa d dag ndamundad i neestu
heilu tolu. Fjoldi athugunardaga d hverju timabili var 4-9.

Raudhofoi Skufénd Hasénd
Timabil 2001 2002 2003 2001 2002 2003 2001 2002 2003

01.07-10.07 | 7 6 6 11 19 10 3 4 2
11.07-20.07 | 9 13 14 13 19 21 3 9 8
21.07-30.07 | 6 7 6 13 16 13 7 11 12
31.07-09.08 | 2 11 5 5 26 12 5 6 8
10.08-21.08 | 1 4 5 7 23 11 2 7 8
Samtals 179 237 243 | 334 649 444 | 135 238 249

Tafla 4. Tioni olikra kolluhdpa eftir aldri unga. Nidurstéour ur Ki-kvadrat profi. Ef
p<0,05 pd er markteekur munur d tioni olikra kolluhdpa eftir aldri unga. Niillkolluhopar
komu sjaldnar fyrir hjd hiisond d ollum aldursstigum heldur en raudohofoa og skiifond.

Ho =Enginn munur ND/LD MD/SD FU

4 aldri unga X2 p X2 p X° p
Rau og sku 2,405 0,300 5823 0,054 0,505 0,777
Rau og hus 15,609 <0,001 7,824 0,020 7,523 0,023
Sku og hus 32,513 <0,001 5934 0,061 10,829 0,004

Tafla 5. Hopasterdir d olikum aldursskeioum. Nidurstoour vir Mann-Whitney profi. Ef
p<0,05 pd er marktekur munur d hopasterd milli aldursskeioa. Enginn munur var d
sterd hopa eftir aldri hjd rauohofoa. Hjd skifond voru litlu ungarnir i steerri hépum en
eldri ungar. Hja hiisond var pessu ofugt fario par sem SU voru i sterri hopum heldur en
litlir ungar 2002.

HO = enginn munur Rauohofoi Skufénd Husénd

a midgildum; T p T p T p
ND/LD og SU 2001 1426 0,135 8724 0,009 23155 0,517
ND/LD og SU 2002 1701 0,809 28675,5 0,001 3289,5 0,005
ND/LD og SU 2003 581 0,577 10829 0,038 3444 0,608

Tafla 6. Hopasterdir ND/LD og SU hopa milli dra. Nidurstoour tir Kruskal-Wallis profi.
Ef p<0,05 pa er marktekur munur d hopasterd milli dra. Ungahdpar voru 6likir ad steerd
milli dra hjd raudhdofoa og hiisond.

Ho= enginn munur Raudhofoi Skufénd Husénd

a4 miodgildum; H p H p H p
ND/LD milli ara 2,792 0,248 8,985 0,011 9,605 0,008
SU milli &ra 19,421 <0,001 5245 0,073 11,765 0,03

93



Tafla 7. Hopasterdir ND/LD og SU milli dra. Par sem Kruskal-Wallis gaf marktekan
mun er munurinn stadsettur ndnar med Dunn's profum. Ef p<0,05 pd er munurinn
marktekur. Hjd raudhofoa voru SU hépar minni 2003. Hjd skiifond voru ND/LD ungar
minni 2003 en 2002. Hjd hisond voru ND/LD ungahopar sterstir 2003 en SU
ungahoparnir voru minnstir 2001.

HO = enginn munur Raudhofoi Skufoénd Huaso6nd

a midgildum; Q P<0,05 Q P<0,05 Q P<0,05
ND/LD 2001 og 2002 - - 1,068 nei 0,0879 nei
ND/LD 2001 og 2003 - - 1,851 nei 2,783 ja
ND/LD 2002 og 2003 - - 2,977 ja 2,605 ja
SU 2001 og 2002 1,707 nei - - 3,102 ja
SU 2001 og 2003 2,519 ja - - 3,197 ja
SU 2002 og 2003 4,302 ja - - 0,163 nei

Tafla 8. Atferli ungahopa. Samanburdur milli tegunda. Nidurstoour vr Ki-kvadrat profi.
Atferli var frdabrugdio hja hiisond sem eyddi meiri tima i hvild heldur en skiifond og
rauohofoi.  Atferli raudhofoa og skifandar var frdabrugdio hvort 6oru 2003 par sem
raudhofoi eyddi meiri tima i tilferslu.

Ho =Enginn munur 2001 2002 2003

4 atferli X p X2 p x° P
Rau og Sku 1,551 0,461 2,694 0,260 17,816 <0,001
Rau og hus 12,579 0,002 41,265 <0,001 56,897 <0,001
Sku og hus 26,517 <0,001 86,693 <0,001 46,756 <0,001

Tafla 9. Atferli ungahopa. Samanburdur milli dra. Nidurstoour tir Ki-kvadrat profi.
Atferli var frabrugdio milli dra. Munur var d atferli milli 2001 og 2003 i 6llum drum par
sem mun meiri hvild var drio 2003 hjd ollum tegundum. Hjd raudhdfoa og skifond var ad
auki meiri hvild og minni feduoflun 2003 heldur en 2002. Hjd hiisond var ner enginn
munur milli pessara dra en mun meiri hvild og minni fedudflun var 2002 heldur en 2001.

Ho =Enginn munur Rauohofoi Skufond Husond

4 atferli X p X2 p X2 p
2001 og 2002 4,449 0,108 7,265 0,026 15,810 <0,001
2001 og 2003 25,161 <0,001 24,073 <0,001 20,105 <0,001
2002 og 2003 39,702  <0,001 19,473  <0,001 3,961 0,138
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Tafla 10. Feduatferli ungahopa. Samanburour milli tegunda. Nidurstoour iir Ki-kvadrat
profi. Feeduatferli var frabrugdio hja rauohdfoa sem dt meira ur yfirbordi heldur en
skifond og hiisond. Feduatferli skiifandar og hiisandar var svipad en 2002 kafadi hiisond

po hlutfallslega meira en skiifond.
Ho =Enginn munur 2001 2002 2003
& faeduatferli X p X p X p

Rau og Sku 24,196 <0,001 43,218 <0,001 41,667 <0,001
Rau og hus 26,719  <0,001 54,246 <0,001 44,815 <0,001
Sku og hus 0,448 0,503 6,970 0,008 2,741 0,098

Tafla 11. Feoduatferli ungahdpa. Samanburour milli dra. Nidurstoour vr Ki-kvadrat

profi. Feduatferli var frabrugdio 2001 par sem yfirbordsdt var algengara en i d0rum
drum. Feduatferli var svipad 2002 og 2003 hjd raudhofoa og hiisond. Skiifond kafadi

meira 2003 en | 60rum drum.
Ho =Enginn munur Rauohofoi Skufond Husond
& feeduatferli N p N p N p
2001 og 2002 4,294 0,038 8,479 0,004 10,789 0,001
2001 og 2003 7,936 0,005 27,781 <0,001 18,296 <0,001
2002 og 2003 0,778 0,378 8,650 0,003 0,654 0,419

Tafla 12. Fjarlego unga frd kollu. Samanburour milli tegunda. Nidurstoour Ki-kvadrat
profi med premur fritolum. Ekki var mikill munur milli tegunda nema drio 2002. Pad dr
var raudhofoi med fleiri dreifda hopa (>20 kollulengdir) en skiifond og hiisond. Hiisondin

var aftur d moti med péttari hopa heldur en raudhofoi og skiifond.

Ho =Enginn munur 2001 2002 2003

a péttleika X° P X P X° p
Rau og sku 3,836 0,280 14,904 0,002 1,984 0,576
Rau og hus 1,824 0,610 23,482 <0,001 0,417 0,937
Sku og hus 6,604 0,086 8,409 0,038 3,285 0,350
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Tafla 13 Fjarlego unga frda kollu. Samanburour milli dra. Nidurstoour ur Ki-kvadrat
profi. Munur var milli allra dra hjd ollum tegundum. Péttleiki hopa var minnstur 2001 en
mestur 2003.

Ho =Enginn munur Rauohofoi Skufond Husond

& péttleika X P X P Ve p
2001 og 2002 21,104  <0,001 14,888 0,002 13,770 0,003
2001 og 2003 49,472  <0,001 72,053 <0,001 40,602 <0,001
2002 og 2003 29,810 <0,001 53,371 <0,001 14,333 0,002
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4 Lokaord

Samsetning og atferli ungahdpa motast af adstedum & hverjum stad og endurspeglar
jafnframt dstand kollu og unga. Par sem orsakasamhengi er pekkt milli umhverfis annars
vegar og dstands kollu og unga hins vegar er edlilegt ad velta fyrir sér hvort ekki megi nyta
ungahdpa vid mat 4 umhverfispattum og 4standi einstaklinga. Par sem ungahdpar eru
gjarnan synilegri en adstedurnar sem moéta pa gati falist { sliku dkvedid hagredi.

Allar samanburdarathuganir sem framkvemdar eru { opnum vistkerfum hafa pd annmarka
ad breytur i umhverfinu eru margar og Ogerlegt ad stadla par. Pegar kanna 4 mikid
rannsakada tegund {1 nyju umhverfi er pvi ad sumu leyti um frumathugun ad rada.

Pessi athugun gaf fyrst og fremst upplysingar um atferli og samsetningu ungahdpa 6likra
tegunda vid adstedur par sem par hofdu ekki verid athugadar 4dur. Breytileiki kom fram
milli tegunda en ad hve miklu leyti hann stjérnast af mun 4 adstedum eda raunverulegum
mun milli tegunda var erfitt ad greina. Allar virtust tegundirnar bregdast vid oliku
feduframbodi med sveigjanlegu faduatferli. Ungar brugdust vid med pvi ad eyda
mismiklum tima { 4t og jafnvel med Sliku feduatferli eftir pvi hve adgengileg fedan var.
Kollur hofdu hinsvegar pad val ad yfirgefa fedusvaedin pegar frambod var litid og leita 4
Oonnur mid par sem ungar gitu ekki fylgt peim eftir. Adurin virtist geta bedid med
fedundm pegar feda var af skornum skammti en raudhofdi og skifond purftu oft ad
yfirgefa unga sina. Husandarkollur aftur & méti héldu til 4 bestu fedusvaedunum fyrir sig
og unga sina og virtust ekki yfirgefa pa vegna feduskorts. Hins vegar var samkeppni milli
husandarkolla mikil um bestu fedusvadin og pvi 1étu husandarkollur oft fra sér fedusvedi
og um leid unga sina til annarra dgengari kolla.

Nidurstodur syndu ad allar pessar tegundir geta brugdist vid med sveigjanlegum hatti til ad
auka lifun unga 4n pess ad pad bitni um of 4 dstandi kollu. Einnig gaf samsetning og
hegdun ungahdpa vissar upplysingar um faeduframbod og jafnvel 4stand kolla. Opekktar
breytur voru pé margar i pessari athugun og enn sem komid er getur hegdun einungis gefid
mjog gréft mat 4 astandi. Frekari rannsOknir 4 samhengi astands, umhverfis og gerd
uppeldisadferda myndi styrkja slikt mat. Adur og tegundir sem hddar eru malanlegu
feeduframbodi svosem raudhofdi og skufond & Myvatni henta vel til slikra rannsékna.
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