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The breeding biology of the Pied Flycatcher Ficedula hypoleuca Pallas was studied, 
1965-76, in a subalpine woodland on a mountain in the Ammarnas area, Swedish 
Lapland. In nestboxes placed near the shore of Lake Tjultrisk, the reproductive 
capacity was significantly decreased as compared with that in nestboxes more distant 
from the lake. The eggshell quality, clutch size, hatching success, incubation, and the 
health of the breeding birds were highly impaired in the vicinity of the shore. It was 
shown that deficient breeding in the Pied flycatcher also occurred at another lake in 
the Ammarnas area, indicating that the breeding deficiencies were an expression of a 
general "lake-effekt" in the area. Similar impaired breeding was observed in three 
other small passerine birds species. Bluethroat Luscinia svecica L., Reed Bunting 
Emberiza schoenicus (L.) and Willow Warbler Phylloscopus trochilus (L.) breeding 
near Lake Tjultrask. 
The symptomes indicate that the affected birds were poisoned. 

N. E. I. Nyhoim and H. E. Myhrberg, Dept of Zoology, Helgonavilgen 3, S-223 62 
Lund, Sweden. 

I4ccrieoBaaJni 6onoroi*o pa~3MHO)KeHH$I Ficedula hypoleuca Pallas B 1965 1976 
rr B cy6aJmnbn4icKHX iiecax B ropax paiioHa AMMapHec (flIBeacKafl .VaIj-IaHaI14sI). 
B rHe3zJOBbIX 5IIIHKax, pacrionoKeHHbiX y 6eperoB o0epa ibiOYiTpeCK, crioco6HOCTb 
K pa3MHO)KeHH[O 3HaqI4TeJlbHO HH>Ke B CPaBHeH14H c 6ojiee yzaaieHHb1mu4 or o3epa 
ynacTKaMH. KameTBo q1uieBO14 cKOpjLyrlbI, BeJll4'Il4Ha BbIBoaKa, BblIJyrInIJeHHe, 
HHKy6aUI4q 14 COCTOIHH4e BbIJ1IFHB14B14XC14 ITeHJuOB 6blnO BaMHOrO xyK(e B6JJH131 

6epera. I7OKa3aHO, MTO He4OCTaTOMHOe pa3MHO)KeH14e F. hypoleuca Ha6nfoAaaIOcb 
B4 y apyroro o0epa B pagoHe AMmapHec, 'To FOBOP14T 0 TOM, 'TO 3TO - pe3yYbTaT 
o6uiero ?o0epHoro 34Hd3eKTa<< Ha aaHHOr4 Teppi4TOP44 CxOaHOe ocjla6jTieH1Ie 
pa3MHO)KeH145I Ha6jto0aanOcb y Tpex apyrsx MeJTKHX BH4tOB Bopo6bwHblx Luscinia 
svecica L., Emiiberiza schoeniclus (L.) H Phylloscopus svecica L., paWMHowaIo- 
IuHXCq y o0epa 'ibfOYlTpecK. HeKoTopbie f7LH3HaKH yKa3bIBalOT Ha TO, 'iTO nHT1ljb1, 

HO4BjepH)KeHHbie BJ3JTIHH4IO 3TF0 ?>O3epHOFO 34I4JeKTa<<, 6bJIu1 OTpaByIeHbl. 
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1. Introduction 
In 1965-1976 the breeding biology of a nestbox popula- 
tion of the Pied Flycatcher Ficedula hypoleuca Pallas 
was studied in a subalpine birch woodland on the south- 
ern slope of a mountain in the Ammarnas area, Swedish 
Lapland (65? 58'N, 16? 13' E). Every year a large propor- 
tion of the flycatchers which bred in the vicinity of 
Lake Tjultrask showed severe breeding disturbancies 
which were manifested by among other things, the 
laying of eggs with defective shells. These findings 
prompted us to investigate the occurrence, character 
and extent of breeding defects in the Pied Flycatcher, 
Bluethroat Luscinia svecica L., Reed Bunting Emberiza 
schoeniclus (L.) and Willow Warbler Phylloscopus 
trochilus (L.), all abundant in the Ammarnas area 
(Enemar and Sjostrand 1970). This paper reports the 
first results of that investigation. Various chemical 
analyses are in progress to reveal the cause of the above 
breeding disturbancies. 

2. Material and methods 

This report is based on 888 Pied Flycatcher broods in 
about 200 nestboxes in 1965 to 1976; 10 Bluethroat 
broods, 10 Reed Bunting broods and 8 Willow Warbler 
broods in 1976. 

The Pied Flycatchers were studied in nestboxes, 
which were placed in groups in different parts of the 
woodland. One group extended along the shore of Lake 
Tjultrask (530 m. a.s.l.). In that group (Fig. 1) the nest- 
boxes were placed in rows roughly parallel to the shore, 
the nearest of them 25-40 m from the shore (Nestbox 
category I) and the others about 50 to 120 m from the 
shore (Nestbox category II). A further group of nest- 
boxes was placed 3-4 km from the lake (Nestbox categ- 
ory III). 

The progress of the breeding of the other three 
species, in a zone about 50 m broad along the shore of 
Lake Tjultrask, was compared with that in an area about 
one kilometer from the shore. 

The breeding was followed in detail. Thus, the dates 
of laying, clutch size, eggweights before and during the 
incubation, and hatching success were some of the vari- 
ables recorded. 

The ultrastructure of the eggshells was studied in a 

Fig. 1. Schematic drawing of 
the nestbox group which is 
placed along Lake Tjultrask. 
The filled squares represent 
nestboxes in which defective 
eggshells were found in 
1965-1976. 

Cambridge Stereoscan (Mark II:A). Becking's (1975) 
nomenclature was used for describing the crystalline 
zones observable in the radially fractionized eggshells. 

3. Observations 
3.1. Ficedula hypoleuca 
Eggshells. Defective egsshells were found every year in 
30-40 % of the Pied Flycatcher clutches in the narrow 
zone along the shore of Lake Tjultrask where nestboxes 
Category I had been placed. In 1965 to 1976 eggshell 
defects were observed in all nestboxes except one in 
that zone, but not in the other nestboxes, though the 
nearest of them were placed only 25 m more distant from 
the shore (Fig. 1). 

In most cases only one or a few of the eggs in a clutch 
had a defective shell. These eggs were always the one(s) 
laid last. 

The affected eggshells were characterized by an ab- 
normal porosity, which often caused a softening of the 
shell. Usually the shell was unevenly affected, the 
pointed end of the egg being the most defective part 
(Fig. 2). In more severely affected eggs the entire shell 
was soft, and in extreme cases hard shell constituents 
were totally lacking so that the egg was held together 
only by the shell membranes. 

Ultrastructural studies of the normal Pied Flycatcher 
eggs revealed that the outer shell surface was smooth 
and compact (Fig. 3). The radially fractionized normal 
eggshell showed the typical zonation of the calcite col- 
umns, with a zone of cones, a palisade layer, and a 
surface crystalline layer (Fig. 4). 

The ultrastructure of the defective eggshells varied. 
The "soft" eggshell, e.g. that of the pointed end of the 
egg shown in Fig. 2, was characterized by incomplete 
formation of the calcite columns. These columns were 
conic and therefore gave the shell a rough surface (Fig. 
5). The softness of the shells was due to the columns 
remaining unconnected to one another, and to the oc- 
currence of areas in which no calcite crystallization had 
occurred (Fig. 6). 

Clutch size. The data on the clutch size and the hatching 
success of the Pied Flycatcher are given in Tab. 1. 
Different categories of clutches are represented: 
A.-Clutches which were hatched; B.-Clutches which 
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Tab. 1. Clutch size and hatching success in the Pied Flycatcher Ficedula hypoleuca, 1965-1976. 

Clutches with 
Clutches with normal eggshells only defect shells 

Iax IIx IIIX Ibx 

Size of the clutches 
A which were incubated 

until hatched ................... 4.9 ? 0.19 (47)Y 5.3 ? 0.07 (198) 5.6 ? 0.04 (417) 4.0 ? 0.37 (9) 

Size of clutches which 
B were incubated but abandoned 

before hatched .................. 3.8 + 0.29 (23) 4.9 + 0.25 (30) 5.4 ? 0.13 (47) 3.7 + 0.26 (27) 
Size of clutches which 

C were abandoned before 
incubation ...................... 2.3 ? 0.34 (24) 2.4 ? 0.24 (27) 3.3 + 0.32 (22) 2.2 ? 0.29 (17) 

D Hatching success ................ 77.9% (201)z 86.5% (965) 91.1% (2212) 55.6% (36) 
x la and Ib Clutches in the nestboxes of the row nearest the shore of Lake St. Tjultrask, 25-40 m from the shore. 

II Clutches in nestboxes placed 50-120 m from the shore. 
III Clutches in a nestbox group 3-4 km from the lake. 
The densities of the breeding populations of Pied Flycatcher were similar in the various nestbox groups. 

Y Mean clutch size ? s.e. (number of clutches). z Percentage of eggs that hatched, in the clutches Category A. (total number of eggs). 

Statistical calculations: A-C, Student's t-test; D, according to Sokal and Rohlf (1968). 
A Ia-A Ib p = 0.05 B Ia-B II p < 0.01 D la-D Ib p < 0.01 

-A II p < 0.05 -B III p < 0.001 -D II p < 0.01 
-A III p < 0.001 B Ib-B II p < 0.01 -D III p < 0.001 

A Ib -A II p < 0.001 B I-B III P < 001 D II-D III p < 0.001 
A II II p < 0.001 

B II-B III p < 0.05 

A Ia-B Ia p < 0.01 C I-C III p 
= 

0.05 
A lb-B lb n.s. C Ib-C III p < 0.05 
A II -B II p < 0.05III p 0.05 
A III-B III p < 0.05 

Fig. 2. Egg of Pied Flycatcher. The 
pointed end is seriously affected - "soft 
shelled". 

Fig. 3. The normal structure of the 
surface of a Pied Flycatcher egg. The 
surface is smooth and compact. 

Fig. 4. Radially fractioned normal Pied 
Fig. 4. Radially fractioned normal Pied 
Flycatcher egg. a. Eggshell membrane; 
b. Zone of cones; c. Palisade layer; d. 
Surface crystalline layer. 

Fig. 5. Ultrastructure of the surface of a 
"soft" Pied Flycatcher eggshell. The 
calcite columns are malformed and 
conic. In several areas which lack calcite 
the shell membrane is bare. 

Fig. 6. "Soft" Pied Flycatcher eggshell| 
which is illuminated from below. Several 
light areas show sites with no calcite 
columns. 

Fig. 7. Defective Bluethroat eggshell. 
Detailed view, see Fig. 8. 



were incubated, but abandoned before being hatched; 
C.-Clutches which were abandoned before incubation. 
The categories la, II and III represent clutches with 
normal eggs in nestboxes at different distancies from the 
Lake. In Ib the clutches contained eggs with defective 
shells, all in the nestboxes nearest the Lake. 

The clutches category A were largest in the nestboxes 
of category III. In the nestboxes of the categories I and 
II the sizes of the clutches were significantly smaller, 
and smallest in category I (Tab. 1). Moreover, clutches 
with shell defects (A Ib) were significantly smaller than 
clutches without shell defects in the same nestbox 
category (A Ia). 

The sizes of the clutches in which incubation was 
discontinued before hatching (B) were smaller than in 
the broods that hatched (A), except for the clutches with 
defect eggshells (Ib). 

The sizes of the clutches which were abandoned be- 
fore incubation were similar in the nestboxes of the 
categories I and II, but larger in the category III. 

Hatchability. The hatchability of the eggs was lowest in 
those clutches with defect eggshells (D Ib, Tab. 1). In 
the clutches without shell defects the hatching success 
was significantly higher. Within that category the 
hatchability varied strongly, being the lowest in the 
zone nearest the shore (Ia), intermediate in the nest- 
boxes Category II, and highest in Category III. 

Abandonment of clutches. Category I differed signific- 
antly from II and III (Tab. 2). In category I, moreover, 
the clutches which contained eggs with a defective shell 
(Ib) were abandoned more frequently than those with- 
out such defects (la). Only 17 % of the Ib-clutches were 
incubated until they had hatched. 

Tab. 2. Frequencies of abandoned clutches in the Pied 
Flycatcher Ficedula hypoleuca, 1965-1976. 

Nestbox categoryx 
Ia Ib II III 

Abandoned clutches (%)....... 50 
(n) ............ ............ . (94) 

83 22 14 
(53) (255) (486) 

Statistical calculations (According to Sokal and Rohlf 1968) 
Ib-Ia 
Ia-II 
II -III 

p < 0.001 
p < 0.001 
p < 0.01 

x See Tab. 1. 

Breedings at another lake in the Ammarnas area. Pied 
Flycatcher broods were studied 1975 and 1976 also in 
nestboxes placed along Lake Bissajaure (570 m a.s.l.), 
12 km east of Lake Tjultrask. 

Similarly impaired reproductive capacity and 
eggshell defects were observed in the nestboxes at Lake 
Bissajaure. Thus, 37 % (11 out of 30) of the clutches in 
nestboxes 10-50 m from the shore contained eggs with 
defective shells. Also one clutch out of 16 in the nest- 
boxes 50-75 m from the shore contained defective eggs. 

3.2. Luscinia svecica 

Eggs with defective shells were found in one Bluethroat 
nest out of six investigated, in the 50 m zone bordering 
Lake Tjultrask. 

Ultrastructural examination revealed serious defects 
in the surface crystalline layer in that half of the egg 
which formed the pointed end. There isolated crystals 
covered only part of the underlaying crystalline layer 
(Figs 7 and 8). 

I 

Fig. 8. Detail of the defect Bluethroat Fig. 9. Defect Reed Bunting eggshell. 
eggshell shown on Fig. 7. Isolated Several enlarged pores open on to the 
crystals of the surface layer only partly surface. 
cover the underlying layer. 

Fig. 10. Detail of the surface of a 
defective Reed Bunting eggshell. The 
surface crystalline layer is seriously 
affected. 
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Besides these rather superficial defects the eggshell 
obviously also showed more serious defects, which 
were manifested by an increased weight loss of the eggs 
and drying up of the yolk and white during incubation. 

All of the eggs of the Bluethroats which nested in the 
area about 1 km from the lake had normal shells. 

The clutch sizes were smaller and the hatching suc- 
cess less good in the vicinity of the lake (Tab. 3), and the 
clutch which contained the defective eggshells was the 
smallest. 

3.3. Emberiza schoeniclus 

Structural deficiencies in shells of the Reed Bunting 
were noted in one nest out of six investigated along Lake 
Tjultrask. The pattern of the defects resembled that 
seen in the Bluethroat, i.e. limited mainly to the surface 
crystalline layer (Fig. 9). Like the eggs of the Blue- 
throat, they showed an increased weight loss or drying 
up of their contents during incubation, probably as a 
result of increased evaporation through enlarged pores 
(Fig. 10). 

The mean clutch size was similar in the vicinity of 
Lake Tjultrask and in the area about 1 km from the Lake 
(Tab. 3), but the hatching success was decreased near 
the shore. As in the Bluethroat the defective eggshells 
were found in the smallest clutch. 

3.4. Phylloscopus trochilus 

In contrast with the above mentioned species, the 
eggshells of the Willow Warbler were invariably smooth 
and compact. That the shells were intact was also indi- 
cated by normal rate of weight loss during incubation. 
However, while the pigmentation of the eggs was consi- 
dered normal in the nests found in the area about I km 
from the Lake Tjultrask (Fig. 11), that of the eggs in the 
vicinity of the lake was invariably (18 eggs in 4 nests) 
distinctly abnormal, with less or even total lack of pig- 
mented spots (Figs 12 and 13). 

In the nests near the shore the mean clutch size and 
the hatching success were decreased (Tab. 3). 

Fig. 11. Clutch of normally pigmented 
Willow Warbler eggs. 

Tab. 3. Clutch size and hatching success in Bluethroat Lus- 
cinia svecica, Reed Bunting Emberiza schoeniclus and Willow 
Warbler Phylloscopus trochilus in nests at different distancies 
from Lake Tjultrask, 1976. 

Portion of 
Clutch size eggs hatched 

Mean Range n % nxx 

Bluethroat 
Along the shore ......... 5.2 3-7 6 64.5 31 
About 1 km from the lake 6.0 6 4 95.8 24 

Reed Bunting 
Along the shore ......... 5.2 4-6 7x 64.5 31 
About 1 km from the lake 5.0 5 3 100 15 

Willow warbler 
Along the shore ......... 4.5 3-6 4x 33.3 13 
About 1 km from the lake 5.8 5-6 4x 94.1 17 

x One of the nests was robbed. 
xx Total number of eggs. 

4. Discussion 
In three of the species studied, Pied Flycatcher, Blue- 
throat and Reed Bunting, the deficient crystalline layers 
of the eggshells showed that shell formation was im- 
paired. The contents of the eggs with this defect with- 
ered during incubation. 

Every year from 1965 to 1976 a high proportion of the 
eggshells of the Pied Flycatcher were partly or totally 
"soft'. The softness was due to incomplete formationof 
the calcite columns which therefore remained uncon- 
nected to one another, and to the occurrence of areas 
in which no calcite crystallization had occurred. As the 
areas, in which the shell membrane was bare, often 
corresponded in size to those covered by the individual 
calcite columns (Fig. 6), they were probably the sites 
where functional centres of crystallization (mammillary 
cores) had failed to develop. 

In the Pied Flycatcher (the only species in which the 
order of laying was determined) the defective eggs were 
always those laid last, and the pointed end was the part 
affected most. This suggests a successive reduction of 
the shell-forming capacity during the laying. The 

Figs. 12-13. Clutches of distinctly 
abnormally pigmented Willow Warbler 
eggs. 
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affected mineralization of the eggs might reflect failing 
formation of functional mammillary cores (see above), 
or a deficient supply of eggshell material, or both, in the 
isthmus and in the shell gland of the egg channel, respec- 
tively. The occurrence of defective eggshells was com- 
bined with a reduced clutch size. This was indicated in 
the only clutch with defective shells of the Bluethroat 
and Reed Bunting, but was well established in the Wil- 
low Warbler and Pied Flycatcher. Thus, in the latter 
species, the sizes of the complete clutches with shell 
defects (Categories A Ib and B Ib, Tab. 1) were signific- 
antly smaller than the complete clutches without shell 
defects in the same nestbox category (A Ia and B Ia). 
The sizes of the clutches without shell defects increased 
with the distance from the Lake Tjultrask (except in the 
Reed Bunting). In the Pied Flycatcher the sizes of com- 
plete clutches in the nestbox categories were: III > II > 
Ia (p < 0.001 and P < 0.05, respectively; Tab. 1). 

The hatching success was reduced in all four species 
in the zone bordering the Lake. In the Pied Flycatcher, 
it showed the pattern identical to that of the clutch size, 
i.e. Category III > II > Ia > Ib. An identical pattern was 
also shown by the Pied Flycatcher concerning the fre- 
quency of abandonment. 

The concordance of the patterns of deficiencies found 
at different phases of the breeding of the four small 
passerine bird species, makes it likely that they were 
due to a common factor(s). Besides possible specific 
effects upon the shell-forming process this factor(s) 
might have impaired the general condition of the birds 
affected. Such a possibility is strengthened by the fact 
that 7 (58%) adult Pied Flycatchers (6 females and 1 
male) out of 12, which were found dead in their nests, 
bred in nestboxes which were in the zone nearest the 
shore (Category I) and which contained only about 5% 
of the total number of the Pied Flycatcher broods 
studied. 

Abnormal eggshell formation has been observed in 
the field in several raptors and fisheating birds con- 
taminated with organochlorine insecticides, PCB:s or 
various metallic pollutants in Europe and North 
America (Cooke 1973). Usually these eggs were thin- 
shelled. Only a few reports of "soft" shells have been 
published, e.g. inpelicans (Keith etal. 1970, Risebroough 
et al. 1971). Hickey and Anderson (1968) found de- 
creased eggshell thickness to be combined with de- 
creased clutch size and high embryonic mortality in 
Herring Gull (Larus argentatus), whose eggs were con- 
taminated with DDE. 

The above data concerning the breeding conditions of 
the four passerines show that the severe reduction of 

their reproductive capacity was distinctly related to the 
distance of their nests from the Lake Tjultrask. The 
similar breeding impairment, which was recognized in 
Pied Flycatchers at Lake Bissajaure, indicates that the 
negative influence upon reproduction is a general 
"lake-effect" in the Ammarnas area. 

This effect was certainly not due to lack of food near 
the lakes. Actually, the food supply along the shore was 
probably more abundant than elsewhere in the forest in 
the beginning of the breeding season, when there are 
still a lot of snow patches in the forest, and the lakes are 
largely covered by ice. Insects (mainly Plecoptera) from 
the ice-free shore region of the lake swarm, and at least 
in those parts of the forest close to the shore these 
insects, together with spiders, constitute a significant 
part of the food of the small insectivorous passerines 
studied. 

The symptomes described strongly indicate that the 
birds breeding in the vicinity of the lakes were poisoned, 
possibly via the limnic insects. Analyses for the detec- 
tion of possible toxic substancies are in progress. 

The findings in the present study are alarming since 
they clearly show impairment of reproductive capacity 
in naturally breeding small passerines in the wilderness 
of the Scandinavian mountain area, which is regarded as 
the "cleanest" part of Europe. 
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