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An apparatusfor photographing whole clutches of passerine birds

in transmitted light

ANDERS ENEMAR

Single eggs have sincelong been examined in transmitted
light in various waysin thefield to obtain information on
the incubation stage of a clutch. This technique can be
rendered more effective by combining it with photograph-
ing whole clutches. An apparatus for this purpose is
described, dimensioned for work with clutches of small
passerines up to the size of thrushes. The photographs
reveal moredetailsthanispossibleto discern during direct
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examination in the field. Further, the presence of al eggs
of theclutchonthesamephotofacilitatestheinterpretation
in order to estimate certain breeding biology data, such as
the time of incubation start and the developmental or
hatching asynchrony.
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Introduction

The method for examining eggsin transmitted light
inthefield wasintroduced long ago (Heinroth 1922,
Hanson 1954a, Weller 1956) and concerned the
relatively largeeggsof variousspeciesof ducks. The
main aim was to establish whether the studied eggs
were incubated or not, although more or less rough
estimations of the age of the developing embryo
were made later on (Lokemoen et al. 1984, Koford
et a. 1992). Portable devices for examining large
eggs in transmitted light, so-called candling, in the
field have been presented by Evans (1951), Hanson
(1954b), Sobkowiak & Bird (1984), and Young
(2988).

Recently, Lokemoen & Koford (1996) paid atten-
tiontothefact that the candling techniqueissuccess-
fully applicablea so to the eggs of small passerines.
They showed how the stage of incubation can be
estimated with the aid of photographs of known
developmental stages from artificially incubated
eggs, and how the result can be used to predict the
date of different events later during the nesting
period. Passerine eggs were candled also by Sob-
kowiak & Bird (1984).

However, the method to study passerine eggsin
transmitted light is established since long. It was

taken up by Enemar (1958) when investigating the
incubation behaviour in the European Blackbird
Turdusmerulaandwasapplied al soby Rydén(1978)
toroughly estimate the order of laying of theeggsin
clutches of the same species. Both authors used
artificial light. Ojanen & Orell (1978) estimated the
laying order of eggsin clutches of small passerines
by following the increase in the diameter of the air
chamber when viewing the eggs against the sun. A
handy field device for transilluminating passerine
eggs, with acommon torch as the light source, was
presented by Enemar & Arheimer (1980), who also
demonstrated how the swelling of theyolk masscan
help to determinethelaying order of the eggsduring
the first few days of incubation. Slagsvold (1982)
applied thistechniqueto identify thelast laid eggin
clutches of the Fieldfare Turdus pilaris.

It is often troublesome to examine theimage of a
transilluminated egg in a careful and reliable way,
because the weather situation and ambient light
conditions may have a disturbing influence on the
process, not least when small differences between
the eggs of a clutch are to be documented. This
experience gave rise to the idea to photograph the
eggsintransmitted light onthespotinthefield. This
meansthat theinterpretationsaretobecarried out on
the photographic prints later on. If desirable, apre-
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liminary apprehension of the developmental stages
of the eggs can be obtained by aview inthe camera.
This report presents an apparatus constructed to
photograph, in transmitted light, whole clutches of
small passerinesuptothesizeof thrushes. Anearlier
versionwasbriefly described by Enemar & Arheim-
er (1989).
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The apparatus

Theoutlinesand measurementsof theapparatus(the
“ootransilluminograph”) are shown in Figure 1. It
consists of abox, imperviousto light, which can be
opened by lifting its front side which works as a
diding door. A camera (Nikon FM2, with Micro-
NIKKOR55mm 1:2.8, loaded with black-and-white
film, e.g. Kodak T-Max (400 ASA)) is mounted on
top of the box, screwed onto the prolonged upper
part of the back side. The front part of the camera
projects into the box via a plastic tube, where a
rubber collar prevents daylight from entering the
box. A flash-light device (OSRAM C 180 Studio) is
fixed to the box floor and synchronised with the
cameraviaathinflex. A detachableshelf of bakelite,
egg shelf, fitsinto furrows on the sidewallsand can
thus be easily pushed into and out of the box. A
number of holes(diameter about 6 mm) aredrilledin
the shelf, each being the site for an egg to be
photographed. The upper part of these egg holesis
widened to better keep the egg in position. Thereis
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Figure 1. Sketch showing in section the outlines and measurements
of theapparatusfor photographing egg clutchesintransmitted light.
A =camera, with thelensviewing into thebox. B = the sliding door.
C = egg shelf showing two small holes, each with an egg in position
to be transilluminated and photographed, and a larger window
covered by aglass plate for the label. D = the flash light device.
Skiss som i genomskarning visar huvuddragen hos apparaten for
fotografering av aggkullar i genomfallandeljus. Matten framgéar av
skalan. Overst sitter en kamera (A), fastskruvad med linsdelen
riktad in i en ljustat lada via ett kort plastrér. En gummikrage
(prickad) sluter tétt mellan roret och kameran utan att hindra att
linssystemet kan hojas och sinkas under fokuseringen. | |adans
botten sitter ett blixtaggregat (D), som ar forbundet med kameran
med en sladd (g utritad), nddvandig for samordningen av blixt och
kameraslutare. Strax ovan blixtaggregatet finnsen &gghylla (C). Pa
denna synsi snitt delstva hal med var sitt 4gg i 1age att genomlysas
och fotograferas, dels ett storre fonster, tackt med en glasskiva som
&r halvgenomskinlig och tjanar som faste for en etikett. Som sadan
anvands ett stycke skrivtejp pa vilket data rérande aggen skrivs.
Etiketten genomlyses och fotograferas samtidigt med aggen (jfr.
Figur 4). Den bytslatt ut mellan tagningarna. Apparatens framsida
(B) fungerar somen skjutlucka. Genomatt dra upp denna ett stycke
kan &gghyllan, somloper i spar paladanssidovaggar, drasut for att
underléatta placering av &gg och etikett.
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Figure 2. The apparatus mounted on arucksack frame, which
isprovided with three”legs’, of which two are pointed sticks
and, infront of them, oneisa”foot” . Thesliding door hasbeen
removed to show the black-painted interior of the box, where
the glass-plate of the egg shelf and the flash light device are
looming inits lower part.

Fotot visar hur fotoapparaten & monterad pd en vanlig
ryggsacksmesfor att underlétta forflyttningarnai falt. Nedtill
pé& mesen har tre” ben” |6tts fast. Dessa utgors av tva bakre
langre och spetsiga metallstavar och en framre kortare stav,
forsedd med en fot- eller stodplatta. Apparaten placeras
stabilt genom att de spetsiga stavarna trycks ned i marken s
|angt som stodplattan till ater. §alva apparaten blir darmed i
arbets &get nagot hojd Gver markplanet, vilket &r av betydelse
under arbetei vattensjuk terrang. — Skjutluckan ar borttagen
for att visaladans svartmaladeinre, i vars nedre del agghyll-
ans glasplatta och darunder blixtaggregatet skymtar.

also alargewindow in the shelf, covered by asemi-
transparent glass plate, on which a label can be
affixed.

Theapparatusistiedto arucksack framesothat it
can be carried around in the field (Figure 2). Three
metallic “legs’ are soldered onto the frame. Two of
them are pointed, downwards directed sticksand in
front of them is a shorter “foot” (Figure 2). The
whole device is sheltered by a waterproof whichis
opened by azipper-equipped dlitinthefront (Figure
3).

The photographing procedure

The apparatus is placed firmly on ground by press-
ing the two sticks into the soil as far as the foot
permits. This means that the position of the box is
kept afew inches above ground, which isan advan-
tagewhenworking inboggy terrain. Thewaterproof
isopened and the dliding door islifted to permit the
egg shelf to be pulled out to exposetheegg holesand
the glass plate of the window (Figure 3). A piece of
exchangeable adhesive and transparent tape is af-
fixed asalabel ontheglass, and dataabout theclutch
are written on it (e.g. date, species, locality). The
eggsareplaced horizontally ontheholesof theshelf.
Remaining egg holes are closed by pieces of black
and opaquetape, and the shelf isthen gently pushed
into the box. If necessary, the focus on the upper
surface of the eggsis checked and adjusted in day-
light before closing thedoor. Theeggs, together with
the label, are then photographed as they appear in
transmitted flashlight (Figure 4).

Thetranslucence of the eggs decreases during the
course of incubation, and moreover, it varies be-
tween species due to differences in shell thickness,
colour, and occurrence of shell markings. Itisto be
recommended, therefore, to take more than one
photograph of each clutch using different aperture
sizes, e.g. three shots with apertures of 4, 5.6 and 8
for small passerines(warblers, tits) and2.8,4and 5.6
for larger ones (thrushes). Heavily pigmented eggs
may not be sufficiently translucent to give good
pictures.

If the photographing of aclutch hasto berestricted
to one occasion, most information is usually ob-
tained when it is carried out on the second day after
the appearance of thelast egg. However, interpreta-
tion isfacilitated when it has been possible to pho-
tograph ontwo or threesuccessivedays, e.g. thefirst
three daysafter clutch completion. Certaininterpre-
tations demand that the laying order of the eggsis
known.

181



Results and interpretation

Anexampleof aclutch photographed in transmitted
light is shown in Figure 4. The interpretation of the
photoisgiveninthefigurelegend. Theeggsdifferin
appearance because the female has started to incu-
bate before the laying is finished. Thus the eggs of
the same clutch may show up as fresh ones with
spherical yolk bodies, surrounded by thetranslucent
egg white, together with eggsthat show moreor less
distinct embryos surrounded by blood vessels. The
ageing of the developmental stages, as they appear
on the photographs, has been carried out by Enemar
& Arheimer (1989), using artifically incubated eggs
of the Pied Flycatcher Ficedula hypoleuca. In sum-
mary, the visible development isasfollows. During
thefirst two days(0—48 hours) of full incubation, no
significant changes are observed. During the third

182

Figure 3. The apparatus in action. It is
placed on ground and partly freed fromthe
waterproof. A clutch of four Linnet Cardu-
eliscannabinaeggsareplaced ontheshelf,
the remaining egg holes are closed with
black tape, and apiece of writing tapewith
notesis affixed to the glass plate. The next
steps are to push the shelf into the box,
close the dliding door, and then photo-
graph.

Fotoapparaten under anvandning i falt.
Den &r placerad pa marken och regnskyd-
det, tillverkat av plastduk och forsett med
blixtl&s, har 6ppnats. Skjutluckan har hgjts
ett styckeoch | asts, varefter agghyllandra-
gitsut. En4-kull avhampling har placerats
Gver halen pa hyllan. De Gverblivna agg-
hélen har tackts med svart tejp, och en bit
skrivtejp med antecknade data har fastspa
glasplattan. Nasta steg &r att forsiktigt
skjuta in hyllan och sanka luckan till bot-
tenlage. Darefter &r allt klart foér fotogra-
fering.

day (49-72 hours) the yolk sphere swells, moves
upwards in the egg and spreads out to finally cover
the whole aspect of the egg. Towardsthe end of that
day, asmall embryoisvisible, surrounded by afield
of thin blood vessels (area vasculosa) having a
diameter of about half thebreadth of theegg. During
the fourth day (73-96 hours), the network of blood
vessels grows to cover practically the whole aspect
of theegg. At theend of thisday, theembryo appears
as arelatively large and slightly curved lump con-
nected to the surrounding network by distinct blood
vessels. The age of later developmental stages can
hardly be estimated with sufficient accuracy dueto
the increasing opacity of the egg content.
Lokemoen & Koford (1996) presented achronol-
ogy of the developmental stages as observed in the
eggs of the Lark Bunting Calamospiza melanoco-



Figure 4. A clutch of six eggs of the Bluethroat Luscinia svecica and the label photographed in transmitted light two days after
the appearance of the last egg. The eggs, which are placed in laying order from upper left to lower right, show different
developmental stages of their embryos. Thefirst three eggs have similar and not yet fully curved embryos surrounded by alarge
circular dark field (blood capillary network) covering part of the yolk, which in turn expands over the whole aspect of the egg.
This stage corresponds to about 3.5 days of full incubation. The embryo looming in the fourth egg is younger with a smaller
circular dark field. Itsyolk has expanded to cover almost the whole aspect of the egg. Thisisatypical 3-day embryo. Theyolk
of thefiftheggisclearly intheswelling phase (stage about 2.5 days) whereasthat of thelast egg hasjust startedto swell, indicating
that it approachestwo days (48 hours) of full incubation. It is apparent that substantial incubation has started on three eggs. The
incubation did not reach full intensity until after the day of photographing, because the differences in developmental stages of
thelast three eggsare shorter than the age differences of the eggs. The developmental spreadintheclutchisestimated at between
1 and 1.5 days, which is expected to correspond approximately to the subsequent hatching spread.

Foto somvisar hur en bl&hakekull om sex &gg med etikett framstar i genomfallande ljusi fotoapparaten. Aggen, som ligger i
varpordning fran vanster till hoger, uppvisar klart olika utvecklingsstadier, dvs de har ruvats olika lange. De tre forsta ar
helmorka, vilket beror pa att den mdrka gulan svallt och brett ut sig till att tacka hela bilden av &gget. De har likstora embryon
(= mycket tidiga” foster” ) som &nnu inte visar fullstandig krokning och somar omgivna av runda falt. Dessa &r nagot morkare
an gulan och utgorsav tata natverk av sma blodkarl, av vilka man ser de grévre forgrena sig. Detta stadiummotsvarar vad som
ar resultatet av ca. 3,5 dygnsruvning av full intensitet. | det fjarde &gget skymtar mani centrumett mindre blodkér | somrade med
ett embryo i mitten. Gulan tacker interiktigt hela ytan utan man ser ett litet 4ggviteomrade sticka frami aggets spets. Sadiet
motsvarar tre dygnsfull ruvning. | de femte och gjatte &ggen syns gulan som en rund kropp mot den ljusa aggvitan. | det femte
ar gulanssvallning i full gang, vilket &r fallet efter full ruvning i 2,5 dygn, medan gulesvallningen i det sista &gget befinner sig
i startfas (nérmar sig 2 dygnsruvning). Den morkaavskarningen i ggenstjockanda &r luftkammaren. —Bildernaav éggen visar
tydligt att mérkbar ruvning borjat forst sedan tredje&gget vér pts. Det &r vidareuppenbart att ful lt utveckl ad ruvning inte kommer
igang forran efter dagen for fotograferingen, eftersom skillnaderna i de tre sista dggens utvecklingsstadier & mindre an
skillnaderna i aggens alder. Vidare motsvarar spridningen i &ggens utvecklingsstadier mellan 1 och 1,5 dygn av full ruvning.
Aggklackningen kommer sedan att spridas inom ungefar samma tidsintervall.
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rys. Despite the fact that the same incubation tem-
perature was applied asfor the Pied Flycatcher, the
Lark Bunting embryos seem to develop almost one
day in advance of the flycatcher embryos. This
difference might have technical reasons or could be
due to the use of partly different criteria in the
description of the developmental stages, or both. In
any case, thethree-day (72-hour) embryo of thePied
Flycatcher corresponds nicely to the 72-hour em-
bryo in the hens egg, as described by Hamilton
(1952).

The benefit of the apparatus

It hasrepeatedly been stated that examining theeggs
of passerine and non-passerine birds in transmitted
light may provideinformation onwhether thelaying
is completed or not and on the approximate age of
embryos from the first week of incubation. Simple
devices of various constructions have been used to
examine one egg a a time (for references, see
Introduction). As pointed out by Lokemoen & Ko-
ford (1996), the obtai ned information can be used to
predict the day of hatching or the date when the
young canberinged, thereby reducing thenumber of
disturbing control visits to the nest.

The main achievement of the egg photography
technique presented hereisat least fourfold. (1) The
photographs reveal more details than is possible to
discover with direct examination in the field. This
facilitatesareliableinterpretation. (2) Comparisons
between the eggswithinaclutch can besafely made,
asall eggsarepresent onthe samephoto. (3) Certain
traits of the breeding biology can be documented
with only one or a few visits to the nest, i.e. the
disturbing presence of the student at the nest is
minimised. (4) Inaddition, theegg sizeand shapeare
documented.

Thephotographicmaterial hasproved useful when
investigating the breeding biology of alarge number
of passerine species mainly regarding thefollowing
problems.

1. Thestartof incubationinrelationtolaying canbe
estimated with fairly good accuracy provided
that the eggshave been marked accordingto their
position in the laying sequence. In general, one
photoissufficient, taken two daysafter theday of
thelast egg. Anexampleof interpretationisgiven
in the legend to Figure 4.

2. The developmenta asynchrony, i.e. the differ-
encein incubation time between the eggs, can be
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estimated. One photo taken two days after the
appearanceof thelast egg may suffice(seeFigure
4), but additional photos from the first and third
days may facilitate the interpretation, especially
when the eggs have been marked according to
their laying order.

3. The time span of the hatching asynchrony or
spreadispredicted by theestimated devel opmen-
tal asynchrony above. The size and variation of
the hatching spread have been shown to be sim-
ilar to those of the developmental spread in two
passerine species (Enemar & Arheimer 1989).

4. The occurrence of unfertilised eggs or eggs with
dead embryosiseasily discovered on the photos
from the third day after clutch completion.

5. The length and breadth of the eggs are easily
measured on the photographs of the clutches,
especialy when the prints are somewhat en-
larged. Therefore, the photographic technique
has appeared to be a handy way to collect large
numbers of egg measurements in the field, as
demonstrated by Enemar & Arheimer (1999). A
more elaborate technique to study the measure-
ments and morphology of eggs based on photo-
graphs of whole clutches has been presented by
Ménd et a. (1986).
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Sammanfattning

En apparat for fotografering av hela kullar av sma-
fagelagg i genomfallande ljus

Tekniken att med hjél p av genomlysning sorterabort
obefruktade honsagg fran aggklackningsmaskiner
ar kénd sedan lange och kom att tillémpas det i fria
forstav viltforskarnaoch dd paandagg. Sasmaning-
om prévades tekniken pa sméfagel agg och befanns
varaanvandbar. Olikametoder for genomlysning av
dessa dgg har tilldmpats med dagsljuset, det direkta
solljuset eller en ficklampasom Ijuskélla, och enkla
sméagenomlysningapparater att baramedsigi fickan
har utvecklats (se t.ex. Enemar & Arheimer 1980).
Pagenomlysningsbildeni dessakan man oftaseom

dgget har utveckling av ett embryo (tidigt fagelfos-
ter) pa gang eller g. Ar &gget inte alltfor tétt pig-
menterat kan man i borjan av ruvningen aven faen
ungefarlig uppfattning om embryots alder, dvs hur
lange &gget har ruvats. Dérmed kan man med varie-
rande sdkerhet avgéraomenkull & fardigvarpt eller
€}, nér under vérpningen ruvningen borjat eller hur
lang tid som &r kvar till klackningen.
Genomlysningsstudiernai falt ar enkla att utféra
omsyftet endast &r att avgéraomett &gg &r ruvat el ler
€. Men det stod snart klart, att man kan f& ut mer
information om tillstandet i agget eller kullen om
genomlysningshilden underkastas en noggrannare
granskning. Detta &r oftal&ttare sagt an gjort i falt,
bl.a. beroende pa de stérningar som orsakas av
vadret och omgivningsljuset under fingranskning-
en. Vill man for senareanalys sparadeninformation
det genomlysta &gget ger, & man hanvisad till opre-
cisametoder som att ritaskisser eller goradetaljera-
de beskrivningar pa platsen. Vidare & det en klar
nackdel att kunna studera endast ett &gg i taget, da
det géller att faststalla sméa skillnader mellan dggen
i en och samma kull. Allt detta ledde tidigt till
insikten, att mycket skulle vinnas om hela kullar
kunde genomlysas samtidigt och dértill fotografe-
ras. Alltsd konstruerades en enkel apparat, den s.k.
ootransilluminografen, fér detta syfte. Den senaste
versionen presenteras i denna uppsats. Apparaten
har framstétt som béade robust och funktionssaker.
Som det dessutom visat sig att fotografierna, vid
sidan av att lagra genomlysningshilderna, avsl6jar
fler detaljer an vad som ar mgjligt att upptackavid
direkt observation i fat, har apparaten kommit till
anvandning under manga & i ett flertal projekt.

Apparatens byggnad och fotograferingen

Konstruktionen&ri principmycket enkel, och utgors
av en avlang, ljustédt |&da , stéende pa hogkant med
en kamera Overst och ett blixtaggregat i botten samt
enmellan dessabel&gen hylla, genomborrad med ett
antal hdl. Aggen placeraspadessahél for genomlys-
ning och fotografering. F&r en nérmare beskrivning
av apparatens detaljer och funktioner samt fotogra-
feringsprocessen hanvisastill Figur 1, 2 och 3 med
bildtexter.

Denrikasteinformationen ger som regel det foto,
somtastvadygn efter det sistadgget varpts. Beroen-
de péatt honans ruvningsbeteende kan varieramel -
lan individer och arter under ruvningens inledning,
kan en tillforlitlig bildtolkning sékerstéllas om kul-
len fotograferas aven de ndrmast omgivande dyg-
nen.
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Fotografiernas anvandbar het

Figur 4 visar ett exempel pahur ett fotoi svartvitt av
en kull med etikett ser ut i genomfallande ljus. Av
bildtexten framgér vilken information fotot ger om
&ggens utveckling. Som bakgrund till tolkningen
gdlleri korthet foljandetidsforlopp for utvecklingen
i ett smafagelagg (for detaljer, se Enemar & Arhei-
mer 1989): bilden av ett farskt &gg visar en cirkel-
rund mork gulaomgiven av den helt genomskinliga
aggvitan. Det forstasynligatecknet pautveckling ar
att gulan mot slutet av tvadygnav full ruvning borjar
svédlla och breda ut sig for att under tredje dygnet
successivt téckaallt storredel av vitan. Mot slutet av
tredje dygnet blir ett centralt bel&get runt falt, mor-
kare an gulan, synligt. Det bestér av ett nétverk av
blodkapillarer. Mitt i dettafat ses en mork klump,
som & embryot. Under fjarde ruvningsdygnet till-
vaxer och kroker sig embryot alltmer och blodkarls-
omréadet breder ut sig. | detta blir grévre blodkarl
runt det vaxande embryot synliga. P&f6ljande dygn
morknar bilden alltmer beroende pa rikedomen av
blodkarl och paembryotsstorlek. Efter enveckastid
av full ruvning blir det allt svérare att registrera
enskildadetaljer i det allt morkare och ogenomskin-
ligare &gginnehdllet.

Med fotografiernas hjdlp kan man ofta relativt
bekvamt erhdllasvar pafdljandehackningsbiologis-
kafrégor, av vilkandgraannarskréaver ganskainten-
siva och dérmed stérande bevakningsinsatser vid
boet for att besvaras.

1. Nar sétter ruvningen igang — fore, under eller
efter varpningsperioden? Borjar ruvningen un-
der varptiden maste &ggen ha mérkts med sitt
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ordningsnummer i varpféljden for att dagen for
ruvningensstart skall kunnabestammas. Sevida-
re Figur 4 med text.

. Hur stor &r skillnaden i ruvningstid mellan &g-

gens utvecklingsstadier? Borjar ruvningen forst
sedan sista &gget varpts, blir skillnaden ingen
eftersom ala aggen da har ruvats lika lange
(synkron utveckling). Borjar ruvningen under
varptidenkan oftaspannet mellan &ggensutveck-
lingsstadier, dvs. ddersskillnaden mellan em-
bryonerna, utl&sasav fotot (mérkning av &ggengj
nodvandig). Exempel pasddan analysgesi texten
till Figur 4.

. Hur stor klackningsspridning kan forvantas? Ti-

denmellankl&ckningensbdrjan ochslut dverens-
stdmmer i stort sett med den enligt punkt 2
skattade spridningeni &ggensutvecklingsstadier.
(Denbesvérligaoch mycket stérande bevakning-
enunder de kéndligaklackningsdagarnakan allt-
saundvikas, om spridningen i den tidiga utveck-
lingen bestamts.)

. Hur stor &r frekvensen rétégg? Obefruktade &gg

och &gg med détt innehdl identifieras It pa
fotografierna, om den fardigvarptakullen ruvats
i mer an tvadygn.

. Hur storaar aggen?Langd och bredd gar utmarkt

att mata pé fotografierna. Matten skiljer sig fran
deverkligavérdenaberoende paforstoringenvid
kopieringen. Genom att ndgra 8gg matts i sam-
band med fotograferingen, kan forstoringsgra-
den harledas och darmed fotométten réknas om
till de verkliga vardena.





