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Introduction

Lime treatm ent has proven to be an efficient 
m ethod for restoring fish stocks in acidified 
lakes (e.g. Bengtsson et al. 1980; Eriksson et 
al. 1983; Nyberg 1984; Nyberg et al. 1986; 
E riksson and Tengelin 1987). It is now 
frequently applied in Sweden, and since 1977 
m ore than 3,000 lakes have been limed (Statens 
N aturvärdsverk, unpubl.). But changes in fish 
density also affect the conditions for water
birds. Fish-eating birds are, of course, favoured 
by an increase in fish density, but this benefit 
can be counteracted by a decrease in water 
transparency, which makes it m ore difficult to 
d e tec t fish (E rik sson  1985). A lso non- 
piscivorous anatids are affected by changes in 
fish density (Andersson 1981); in oligotrophic 
lakes susceptible to acidification and thus the 
target for liming, competition between fish and 
ducks for com m on food organisms (aquatic 
insects) m ay affect the density and distribution 
o f waterfowl (e.g. Pehrsson 1979. 1984; Eriks
son 1979, 1983; E adie and K east 1982; 
D esG ranges and D arveau 1985). Thus, for 

• conservation and managem ent it is important 
to  find ou t how w aterbirds are affected by 
liming.

In the present study, the effects of liming 
were investigated through comparing densities 
o f fish and waterfowl in eight lakes in 1983 
before they w ere limed that summer-autumn, 
and again in 1985, after liming. Simultaneous 
studies were done in six control lakes that were 
not limed. It was predicted that fish density 
increases and transparency decreases in the 
limed lakes, but not in the control lakes. The 
investigation has the character of a pilot study, 
as an extended following-up over a period 
longer than two years was made impossible due 
to  the introduction of different liming routines 
in study lakes, and the liming of some of the 
control lakes after 1985. Parts of the data from 
1983 have earlier been used for a test of 
predictions of a model for the selection of lakes 
by fish-eating birds (Eriksson 1985).

Study area

A  to ta l o f  14 lakes in an a rea  sou th -east of 
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G ö teb o rg  (app rox im ate ly  57 °2 0 '-5 7 °4 0 'N , 
12°10' — 12°40 'E ), S w eden , w ere investi
g a ted  (F igure  1). L ake surface areas ranged  
b etw een  0.46 and  1.90 ha, and  shore- 
leng ths betw een  5.5 and  12.5 km (for 
de ta ils , see  E riksson  and  T engelin  1987). 
T he  ca tch m en t a reas  a re  dom inated  by 
con iferous fo rests o f Picea abies and Pinus 
silvestris. B efo re  lim ing, pH -values regu
larly  below  5 .4  w ere rep o rted  in all lakes 
a p a rt from  tw o o f the con tro ls (E riksson 
an d  T engelin  1987), and  M orling (1981) 
d o cu m en ted  an acidification proccss and 
slight increase in average transparency  in a 
study  o f 19 lakes in the sam e geographical 
a rea  (o u t o f  w hich fou r lakes w ere included 
in th e  p re sen t study).

B lack -th ro a ted  D iver G avia arctica is the 
m ost com m on fish-eating b ird  in the area ; 
less num erous a rc  G o o san d er M ergus m er
ganser, R ed -b reas ted  M erganser M . serra
tor, G rey  H ero n  A rdea  cinerea , O sprey 
P andion haliaetus. G re a te r  B lack-backed 
G ull Larus m arinus  and  C om m on T ern  
Sterna h irundo . A m ong  non-piscivorous 
ducks, M allard  A n a s p la tyrhynchos. T eal 
A . crecca  a n d  G o ld e n e y e  B u cep h a ia  
clangula  a re  com m on.

T he  fish fauna in d om ina ted  by Perch 
Perca flu v ia tilis-. Pike E sox lucius is also 
w id e-sp read  b u t less num erous. R oach 
R utilus rutilus w as reco rded  in th ree  lakes; 
th is species is know n to  d isappear early 
d u ring  th e  acidification process (A im er and 
H anson  1980), and  p robab ly  the popu la
tions have been  e rad ica ted  in m any o f the 
investiga ted  lakes. Sm all popu la tions of 
salm on ids, such as W hite-fish Coregonus 
sp ., C isco C oregonus albula  and  Sm elt 
O sm erus eperlanus exist in som e o f the 
lakes.

I n 1983, ice b roke up during the first w eek 
o f A pril, which is qu ite  norm al for this part 
o f Sw eden, while b reak  up of the ice was 
delayed until around  1 M ay 1985.

M ethods

Lim ing was done during sum m er-autum n 
1983. F ine-grained C aC o i was sp read  into
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Figure 1. The study area in Sweden. Hatched -  lakes limed, dotted -  lakes not limed

th e  w ater from  shore o r from  a ra ft, with 
115—1,120 tons, o r 17—55 g per m3, in each 
lake.

Fish sam ples w ere ob ta ined  with gill nets 
during 24th M a y -2 1 s t June 1983 (except 
fo r Lake T rehörn ingen , which was fished on 
19th —20th July) and  again during 20th 
M ay—13th June  1985. F or details o f net 
size, th read  d im ensions and  mesh sizes, see 
Eriksson (1985). Fish catches w ere quan 
tified as the m ean num ber o f fish p e r catch 
effort; one catch effort equals one gill net 
placed in the lake during  20 hours, including 
one night with 5 — 6 hours o f darkness. Fish 
lengths w ere m easured  with an accuracy of 
± 0 .5  mm.

Fish detec tab ility  was m easured  w ith a 
“fish detec tab ility  index” , F D I, through 
which fish density  and  w ater transparency

w ere w eighted  together. F o r a b ird  w ith a 
maxim al diving dep th  o f d m etres, th e  fish 
detec tab ility  index in a lake w ith a relative 
fish density corresponding  to  a gill net catch 
of F  fish per catch effort and with a w ater 
transparency  of t m etres is:

FD I =  F x ^ -d (3 t2—d2) x ]q-2.
3

sec Eriksson ( 1985) for the deduction  of this 
form ula. W hen the m axim al diving depth  
exceeded transparency , i.e ., d > t ,  d was 
replaced w ith t. D uring field w ork, tran s
parency was m easured  w ith a Secchi disc.

As B lack-throated  D iver and G oosander 
seldom  catch fish longer than  about 25 cm. 
(e .g . M adsen 1957; W hite 1957), fish above 
this size w ere excluded in the  calculations of
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fish d e te c ta b il i ty  in d ices . F o r  B lack - 
th ro a te d  D iver, m axim al d iv ing  dep th  
(according to  N ietham m er et al. 1966; 
L eh tonen  1970) exceeds the transparency  
reco rded  in any of the lakes; fo r G oosan 
der, a m axim al diving depth  o f 4 .0  m . was 
assum ed (C ram p and  Sim m ons 1977).

E ach season , every  lake was visited 
tw ice; in 1983 during 29th A p r il-1 0 th  M ay 
and 27th M a y -2 n d  June , and in 1985 
during 8 th — 14th M ay and 1st—4th June . A t 
each visit, the to ta l lake a rea  and  the w hole 
shoreline (incl. islands) was observed  from  
a canoe, and  the tim e fo r covering one lake 
ranged betw een 0.75 and  2.0 hours. M ean 
num ber o f birds per km 2 lake area  w ere 
used as estim ates o f b ird  densities. M ean 
num ber of birds p e r km shoreline w ere also 
calculated . T he counts included fledged 
individuals o f all po ten tia lly  fish-eating 
species and  of all anatids, bu t species re 
corded  in less than  five lakes w ere excluded 
from  the analyses (this applies to  G rey 
H ero n , T ufted  D uck A ythya  fu ligula, M ute 
Swan C ygnus olor, O sprey , G rea te r Black- 
backed G ull and C om m on T ern ). In 1985, 
ice b roke very late (see above), and m igrat
ing birds might have been  included in the 
counts during th e  first period . T o avoid this 
p rob lem , estim ates o f b ird  densities w ere 
calculated  based only on the second counts 
in each year. H ow ever, this did no t in 
general a lte r the trends found . T he excep
tions are  no ted  in tex t o r tab le  as ap p ro p ri
a te. R ecreational activities, such as boating  
and fishing, w ere considered  no t to  be of 
such intensity  th a t the counting results w ere 
affected.

D ensity and detectability o f  fish

In th e  lim ed lakes, a significant increase in 
average  fish d en sity  a n d  a sign ifican t 
decrease in average w ater transparency  
w ere reco rded , while these two param eters 
rem ained  unchanged  in the contro l lakes 
(T able 1; for details regard ing  Perch , see 
E riksson and  Tengelin  1986). N o consistent 
trends in the fish detec tab ility  index could 
be found  (T able 1); th e  increase o f fish 
density  w as, in som e lakes, coun terac ted  by 
the reduction  in transparency . In one o f the 
lakes, L ake S tora  O resjo n , fish density 
increased m ore than  a hundredfo ld  (E riks
son and  T engelin  1986), a fter a successful 
rep roduction  of Perch in 1984. O m ission of 
th e  exceptional da ta  from  this lake did not 
change th e  general trends.

D ensity o f  birds

Piscivorous species.

D ensity  o f B lack-th roated  D iver increased 
significantly in the lim ed lakes, bu t th e  sam e 
tren d , although insignificant, was also re 
corded  in the contro l lakes. T hus, this result 
p robably  reflects a general increase.

G oosander was reco rded  in five lakes 
only, and thus the sam ple o f this species is 
too  sm all to  allow  any definitive con 
clusions. H ow ever, an insignificant increase 
o f average density  could be recorded  am ong 
the lim ed lakes, while a decrease occurred  
in the contro l lakes (T able 2).

Results and discussion

Table 1. Comparisons of density and detectability of fish in limed lakes and control lakes.
M eans±S .E . P—values refer to Wilcoxon matched pairs signed ranks tests, two-tailed. 
N .S .= n o t significant.

Limed lakes (n 
1983 1985

,= 8 )
P

Limed lakes, excluding 
Lake Stora Oresjon (n=7) Control lakes (n

1983 1985 P 1983 1985
= 6)

P

No. of fish per lake and 
catch effort:

Total catch 16±4 124 ±  96 < 0.01 18±4 28±2 < 0.02 11 ±4 12±6 N.S
<25 cm 15±4 122±96 < 0.01 17±4 26±3 < 0.02 9± 4 10±6 N.S

Secchi disc transparency, 
m 5.3±0.4 4.6±0.3 <0.05 5.3±0.5 4.5±0.3 <0.05 5.5±0.5 5.6±0.7 N.S

Fish detectability index 
Black-throated Diver 49±22 428±377 N.S. 54±25 52±  13 N.S. 48 ±20 56 ±34 N.S
Goosander 46± 19 379±331 N.S. 42± 17 48± 10 N.S. 39 ±43 43 ±25 N.S
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Table 2. Comparison of mean bird densities in limed lakes and control lakes for 2 counts each year.
P—values refer to the Wilcoxon m atched pairs signed ranks two-tailed. N.S. =  not significant.

Limed lakes (n =  8) Control lakes (n = 6)

1983 1985 P 1983 1985 P

No. of birds per km 2 lake area 
Black-throated Diver 1.1 ±0.4 1.8±0.5 < 0.02 2.1 ± 0.6 2.7±0.8 N.S.
Mallard 5 .6 ± 1 .9 3.2±1.1 N.S. 2 .6 ± 0.8 1.2±0.4 N.S.
Teal 0 .9±0.4 0.3±0.3 =0.06 0.3±0.2 0.1 ± 0.1 N.S.
Goldeneye 5 .9 ± 1 .1 9 .7 ± 4 .2 N.S. 2.8±1.9 2.8±1.4 N.S.
Goosander 0 .0 ± 0.0 0 .3 ± 0 .1 N.S. 0 .2 ± 0.2 0 .0 ± 0.0 N.S.

No. of birds per km shoreline
Black-throated Diver 0.14±0.05 0.22±0.05 < 0.02 0.20±0.04 0.24±0.05 N.S.
Mallard 0 .6 6 ± 0 .19 0.39±0.10 N.S. 0.24±0.06 0.11 ±0.03 N.S.
Teal 0.11 ±0.04 0.02  ± 0.02 =0.06 0.03±0.02 0.01 ± 0.01 N.S.
Goldeneye 0.82±0.21 1.14±0.37 N.S. 0.23±0.15 0 .27±0 .11 N.S.
Goosander 0 .00± 0.00 0.04±0.02 N.S. 0 .02± 0.02 0 .00± 0.00 N.S.

N on-piscivorous ducks.

A verage densities o f M allard and Teal 
decreased  insignificantly in both the lim ed 
lakes and  the contro l lakes. F or G oldeneye, 
no significant trends could be detec ted  from  
da ta  covering bo th  counts in each year; but 
regarding the second counts only, a sig
nificant dccrcase in average density  was 
reco rded  in the  lim ed lakes, 5 .4 + 1 .3  per 
km 2 dropping  to  2 .8 ± 1 .3 and  0 .76± 0 .27  per 
km dropp ing  to  0 .4 3 ± 0 .2 2 , bo th  w ith 
P<().()5. A  sim ilar bu t insignificant trend  
was found in th e  contro l lakes th e  second 
count pairs being 3 .3 ± 1 .8  v. 1 .4± 0 .7  per 
km 2 and 0 .2 9 ± 1 .5  v. 0 .14± 0 .07  per km.

From  the p resen t results it seem s d oub t
ful th a t lim ing itself affected duck densities; 
w hen densities befo re  and a fter lim ing w ere 
significantly d ifferen t, sim ilar significant 
trends w ere found in the contro l lakes 
(T able 2).

O m ission o f L ake S tora O resjon  data  did 
no t change any o f the relationships no ted  
above.

Changes in b ird densities versus changes in 
fish  densities

T he p resen t da ta  also allows an evaluation 
of sim ultaneous changes in the densities of 
birds arid fish over a period  of tw o years, 
d isregarding w hether the lakes w ere lim ed 
or not. In a series of 2 x 2 contingency tables 
(T abic 3, 4) the 14 lakes included in the 
stu d y  a re  g ro u p e d  w ith  re fe re n c e  to  
increases o r  decreases o f the p roperties 
investigated.

Piscivorous birds

F o r B la c k -th ro a te d  D iv e r, changes in 
density  could no t be re la ted  to  changes in 
density  o f detec tab ility  o f fish (T able 3). A

Table 3. Changes between 1983 and 1985 in densities of Black-throated Diver and Goosander in 
relation to changes in density and detectability of fish. Not significant using Fisher test, one-tailed.

Num ber of fish <25 cm Fish detectability
per catch effort: index:

No. of No. of No. of No. of
lakes with lakes with lakes with lakes with
increase no change 

or decrease
increase no change 

or decrease

B LA C K -TH R O A TED  DIV ER 
Increase
No change or decrease 

G O O SA N D ER  
Increase
No change or decrease
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Table 4. Changes between 1983 and 1985 in 
densities of Mallard, Teal and Goldeneye in 
relation to changes in density of fish. P values 
refer to  Fisher test, one-tailed.
N .S .= n o t significant.

No. of fish (total catch) 
per catch effort:

No. o f No. of lakes 
lakes with with no change 
increase or decrease

1 3
8 2

P<0.10

0 5
9 0

P=0.001

4 4
5 1 

N.S.

5 5
4 0

N.S.

7 2
2 3 

N.S.

1 3
8 2 

P<0.10

2No lakes with increase between 1983 and 1985.

possible explanation  for this re la tes to  the 
g e n e ra l in c re a se  in  d e n s ity  re c o rd e d  
betw een 1983 and 1985 (see above) in 
com bination  w ith the strong territo ria lity  of 
th e  species (S jö lander 1968, 1978; D unker 
1975); new  birds m ight have been  expelled 
from  attractive lakes by previous occu
pants.

N on-piscivorous ducks

F rom  e a r lie r  re sea rch  on in te ra c tio n s  
betw een ducks and  fish it can be hypo the
sized, th a t the ducks should react negatively 
to  increases in fish density , as fish might 
reduce the availability  o f com m on food 
o rg an ism s  (see  In t ro d u c tio n ) .  In th e  
p resen t study, changes in densities o f ducks 
could be re la ted  to  changes in fish density  in 
the p red icted  way (T able  4); th e  differences 
in M allard density  reco rded  from  com-

No change or increase 
Decrease

Second count only 
No change or increase 
Decrease

TEA L
No change2 
Decrease

Second count only 
No change2 
Decrease

G O LD EN EY E 
No change or increase 
Decrease

Second count only 
No change or increase 
Decrease

parisons of the second counts in each year 
w ere highly co rre la ted  to  changes in fish 
density . Sim ilar bu t insignificant trends 
w ere reco rded  fo r T eal and  G oldeneye. 
From  a com parison of densities o f ducks 
and fish in 58 lakes in sou thw estern  Sw eden, 
E riksson  (1983) concluded  th a t factors 
o th e r than  fish density  a re  im portan t for the 
local d istribution  of M allard  and  T eal (but 
no t fo r G o ldeneye). T he density  o f M allard 
w ere h igher in lakes w ith a long shorelength  
in rela tion  to  lake a rea , and  fo r T eal the 
occurrence of em ergen t vegeta tion  was im 
po rtan t (E riksson 1983, T able  1). B ut if 
o th er factors im portan t for the local distri
bution  rem ain constan t, it appears from  the 
p resen t results th a t M allard  respond  sig
nificantly to  changes in density  of fish 
(T able 4).

General aspects on  effects o f  lim ing on  
waterbirds

T he five b ird  species included in the p resen t 
study are  w idespread  in the kinds of oligo- 
trophic  lakes w hich are  th e  m ain target for 
lim e trea tm en t in Sw eden. In the p resen t 
study no changes in b ird  densities could be 
re la ted  to  lim ing itself (T able  2), although 
this conclusion is based  on scanty in for
m ation abou t b ird  densities. B ut densities 
o f nonpiscivorous ducks decreased  after 
changes in the  densities o f fish (T able 4), 
which support ea rlie r results indicating the 
possibility o f com petition  betw een ducks 
and  fish fo r com m on food  item s (see In tro 
duction). It is also im portan t to  realise , tha t 
the possibility o f de tec ting  fish for fish- 
eating  birds which search  for food while 
swim m ing w ith their eyes below  the w ater 
surface is no t necessarily  im proved a fte r a 
lime trea tm en t (T able 1). as a reduced  
w ater transparency  m ay coun terac t the 
benefits of an increase in fish density  (E riks
son 1985).

T he presen t study has only dealt with 
changes in densities o f fledged birds, but 
m ore in teresting  is perhaps to  evaluate 
effects on the b reeding success. T he only 
inform ation h itherto  available on this topic 
com es from  a study o f B lack-th roated  D iver 
in sou thw estern  Sw eden; no significant 
changes in the m ean num ber o f young per 
pa ir per year w ere detec ted  in 13 lakes a fter 
liming (E riksson 1987).

A  differen t aspect concerns the risk of an 
increased  exposu re  to  m etals to  b irds
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feeding on organism s from  acid lakes (e.g . 
E riksson 1984). Im paired  reproduction  has 
been  rep o rted  am ong passerines breeding 
near the shores o f acidified lakes, probably 
after exposure to  alum inium  (N yholm  and 
M yhrberg  1977; N yholm  1981; bu t see 
C arriere  et al. 1986). High conten ts of 
m ercu ry  have b een  d e tec ted  in in v er
teb ra te s  and fish from  acid lakes (e.g. 
Johansson  1980; B jö rk lund  et al. 1984), as 
well as in eggs o f B lack-th roated  D iver in 
southw estern  Sw eden (A hlgren  et al. 1986) 
although sam ple sizes arc too  small for a 
com parison of eggs from  breed ing  sites at 
acid and  non-acid lakes. R educed contents 
o f m ercury  in aquatic  organism s can be 
expected  to  occur a fte r lim ing (e .g ., Fisker- 
is ty re lsen  an d  S ta ten s  N a tu rv â rd sv e rk  
1981; B jörk lund  et al. 1984) which should 
be considered  as a po ten tia l benefit to  
w aterbirds.
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Summary

Densities of two piscivorous birds, Gavia arctica 
and  M ergus m erg a n ser , and  th re e  non- 
piscivorous ducks, Anas plathyrhynchos, A. 
crecca and Bucephaia clangula, were investigated 
in eight oligotrophic and acidified lakes in spring- 
early sum m er 1983, before liming, and again in 
1985, after liming. Simultaneously, six control 
lakes, not limed, were investigated. Average fish 
density  in creased  and w a ter tran sp aren cy  
decreased in the limed lakes, while these para
meters rem ained unchanged in the control lakes. 
Densities of birds were not affected by liming in 
itself; although there were significant changes in 
the limed lakes, similar trends were recorded in 
the control lakes.
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