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From  1991 to 1995, we tested the effects o f rad io-tracking, includ ing trap

ping, handling and m onitoring, on reproductive success o f b lack grouse 

Tetrao tetrix hens in the southern French A lps. R eproductive success (total 

young/total hens w ith  and w ithout broods) was low er in hens m arked w ith 

rad io-collars than in unm arked hens (0.77 vs 1.66 young/hen, P  =  0.02). 

B rood size was sim ilar in the tw o groups o f hens, but the proportion o f hens 

rearing a brood was low er am ong m arked hens (23 vs 45% , P  = 0.03). 

R eproductive success o f hens m arked at the beginning o f laying, or just 

before, was low er than that o f  hens m arked >6 m onths before laying (0.25 

vs 1.20 young/hen, P  =  0.058). The success o f hens m arked near the tim e o f 

lay ing was also low  com pared w ith unm arked hens in all years but 1992 (the 

year*tim e o f capture in teraction was significant). In  contrast, reproductive 

success o f hens m arked >6 m onths before laying was not statistically  d if

ferent from  that o f  unm arked hens (1.20 vs 1.66 young/hen, P  = 0.28). 

H igher predation rates on first clutches, and to a lesser extent low er ability 

to renest, were responsib le for the low er reproductive success o f hens 

m arked at the beginning o f o r ju s t before laying. Altogether, these results 

suggest that in itia l d iscom fort caused by the transm itter, stress o f capture, 

handling and m onitoring fo llow ing capture m ay tem porarily  a lter the 

behav iour o f  hens, thereby increasing detection o f their nests by predators. 

A fter a period o f adjustm ent, radio-transm itters per se m ay have little  or no 

adverse effect on reproduction. We conclude that to obta in  reliable estim ates 

o f breeding param eters o f b lack grouse in the French A lps using necklace 

type transm itters, hens m ust be equipped w ith these several m onths before 

laying, and nesting hens should not be approached closer than 20 m  during 

radio-tracking.
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M ark ing  in d iv idua ls is o f ten  a n ecessary  step  in  d e

ta iled  stud ies o f  dem o g rap h y  o r behav iour. A  c ritica l 

assu m p tio n  is tha t m ark ing  has no adverse  effec ts 

and  th e re fo re  p ro v id es re liab le  estim ates o f  the v ar i

ab les b e ing  stud ied . A lth o u g h  th is assu m p tio n  m ay 

be m et in  m any  cases, v ir tu a lly  a ll m ark ing  m ethods 

a lte r the b eh av io u r o f  in d iv idua ls to  som e ex ten t, and 

thus po ten tia lly  b ias th e  estim a tio n  o f  d em ograph ic 

p a ram eters , behav iou r, m etabo lic  rate, locom otion , 

and  h ab ita t se lec tion  (W h ite  &  G arro t 1990, C a lv o  & 

F u rness 1992).

R ad io -track in g  is freq u en tly  u sed  on  gam eb irds 

b ecau se  d a ta  are d if f icu lt to  co llec t using  o th er me th 

ods. B ecause rad io -tran sm itte rs  are h eav ie r and  m ore 

cum b erso m e than  m o st o th e r m ark ing  m ethods, they 

m ay  have g rea te r e ffec ts on behav iou r, rep ro duc tion 

and  su rv iva l than  e.g . r ings o r w ing -tags. N egative 

e ffec ts o f  rad io -tran sm itte rs  h av e  been  d ocum en ted  

in  g a llifo rm s (M cE w en  &  B ro w n  1966, B oag  1972, 

L ance &  W atson  1977, E r ik s tad  1979, H erzog  1979, 

Jo h n so n  &  B e m e r 1979, W arner &  E tte r 1983, M arks 

&  M arks 1987), anatids (G reen w o o d  &  S argean t 

1973, G ilm er, B a ll, C o w ard in  &  R e ich m an n  1974) 

and  in  the A m erican  w o o d co ck  Philohela minor 
(R am ak k a  1972, H o rto n  &  C ausey  1984). In  som e 

cases, rad io -track in g  cau sed  substan tia l changes in 

behav iou r, su rv iva l o r rep roduc tion , d epend ing  upon 

spec ies o r p o p u la tio n  (L ance &  W atson  1978, W h ite  

&  G arro t 1990), g en d er o r q u a lity  o f  in d iv idua ls 

(L ance &  W atson  1978, Jo h n so n  &  B e m e r 1980),

tra n sm itte r  w e ig h t (W arner &  E tte r  1983) an d  

m eth o d  o f  a ttach m en t (S m all &  R u sch  1985, M arc- 

strom , K enw ard , &  K arlbom  1989, H ouston  &  G reen 

w ood  1993, R o te lla , H ow erter, S ankow sk i &  D evries 

1993, P aquette , D ev ries, E m ery , H ow erter, Jo y n t &  

S an k o w sk i 1997).

A  sh o rt rev iew  o f  the lite ra tu re  on  ga llinaceous 

b irds (sum m arised  in  T ab le 1) show s th a t the m ethod 

o f  a tta c h m e n t is im p o rta n t. R a d io - tra n sm itte rs  

m o un ted  on  harnesses o r p o n chos have been  show n 

in  som e stud ies to  a lte r behav iou r, rep roduc tion  

an d /o r su rv iva l, w hereas those m o u n ted  as a neck lace 

are less cu m bersom e and  less consp icuous and  have 

m in im a l o r no  e ffec ts (see T ab le 1 an d  re fe rences 

there in ). H ow ever, b ecause m o st o f  these stud ies 

e ith e r co m p ared  d if fe ren t m ethods o f  a ttach m en t o r 

rad io -m ark ed  v s r inged  an d /o r d is tu rbed  ind iv idua ls 

(see T ab le 1), it w o u ld  be im p ruden t to  co n s id e r n eck 

lace tran sm itte rs innocuous. In  o th e r w ords, even  

th ough  rad io -tran sm itte rs per se m ay  n o t co n stitu te  a 

g rea t hand icap , trapp ing  a long  w ith  h an d ling  and  

m o n ito ring  m ay  a lte r the beh av io u r o f  the b ird  to 

som e ex ten t, thereby  decreasing , at least tem porarily , 

its rep ro d u c tiv e  ab ility  an d /o r su rv iva l (C a lvo  &  Fu r

n ess 1992).

F u rth e rm o re , b ecause o f  the sho rt life  expec tancy  

o f  rad io -tran sm itte rs (usually  less than  one year) the 

d u ra tio n  o f  the p o ssib le  n egative  e ffec ts o f  rad io 

track in g  has ra re ly  b een  investiga ted . F o r these rea 

sons, m any  au tho rs have u rged  fu rth e r stud ies o f  the

T ab le  1. E ffec ts  o f  ra d io - tra c k in g  u p o n  su rv iv a l, re p ro d u c tio n  an d  b eh a v io u r  in  g a ll in a c e o u s  b ird s  a cco rd in g  to  th e  m e th o d  o f  a ttach m en t 

(-: n e g a tiv e  e ffec t, 0 -: m in im a l e f fec t, 0 : n o  e f fec t, x : n o t in v es tig a ted ). N o tic e  th a t  a l l  o f  th ese  stu d ies co m p a re d  e ith e r  tw o  m e th o d s o f  

a tta c h m e n t o r  ra d io -m a rk e d  v s  r in g e d /b a c k - ta b b e d  ind iv id u a ls  an d  th a t m an y  d id  n o t use  co n tro l g ro u p s.

Species

M ethod o f 

a ttachm ent C ontro l Surv ival R eproduction B ehav iour C ondition A uthor(s)

B lue grouse H arness R inged 0 0 0 W ild H ines &  Z w icke l (1985)

Spruce grouse H arness R inged 0 - X 0 W ild H erzog (1979)

Sharp-tailed  grouse Poncho R inged - X X W ild M arks &  M arks (1987)

R ed grouse H arness R inged X X - Captive B oag (1972)

R ed grouse H arness B ack-tabbed 0 0 0 W ild B oag et al. (1973)

R ed grouse H arness B ack-tabbed X 0- 0- W ild L ance &  W atson (1977)

R uffed grouse H arness Poncho . X 0 W ild Sm all &  R usch (1988)

W illow  grouse H arness R inged X - - W ild E rikstad  (1979)

R ing-necked pheasant H arness N one - X X W ild(released) Johnson & B em er (1980)

R ing-necked pheasant H arness N one - - X W ild W arner &  E tter (1983)

W ild  tu rkey H arness N one X X 0 C aptive N enno &  W illiam  (1979)

B lue g rouse Poncho R inged - X - W ild Pek ins (1988)

L esser p ra irie  ch icken Poncho N one - X X W ild B urger e t al. (1991)

R ing-necked pheasant H arness R inged - X X W ild M arcstrom  et al. (1989)

R ing-necked pheasant N eck lace R inged 0 X X W ild M arcstrom  et al. (1989)

B lack  g rouse N eck lace R inged 0 X X W ild W illebrand (1988)

R ock  pta rm igan N eck lace R inged 0 X X W ild C otter &  G ratto  (1995)

R ock  pta rm igan H arness R inged - X X W ild C o tte r &  G ratto  (1995)

R ed grouse N eck lace R inged 0 0 X W ild T h irgood et al. (1995)
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e ffec ts o f  rad io -track in g  (e.g . L ance &  W atson  1977, 

W h ite  &  G arro tt 1990, C a lvo  &  F u rness 1992).

T h ere fo re , w e co m p ared  rep ro d u c tiv e  success o f  

rad io -m ark ed  an d  unm ark ed  b lack  g rouse Tetrao 
tetrix hens in  the w ild . W e a lso  investiga ted , am ong  

rad io -m ark ed  hens, the e ffec t o f  tim e o f  cap tu re  on 

rep ro d u c tiv e  p aram eters . T h is  a llow ed  us to  separate  

tem porary  from  perm an en t e ffec ts o f  rad io -track ing .

Methods

T he study  w as co n d u c ted  from  1991 to  1995 in  the 

sou thern  F rench  A lps at R is to las (44°47 'N , 6°57 'E ; 

Q ueyras, dep artm en t o f  the H au tes-A lpes).

B lack  g rouse o ccu r in  a  su b a lp in e  fo rest (1 ,700- 

2 ,400  m  a.s.l.) d o m in a ted  by  larch  Larix decidua, 
a ro lla  p in e  Pinus cembra, and  m o u n ta in  p ine  P. unci- 
nata. G ro u n d  veg e ta tio n  con s is ted  m ain ly  o f  b i lb e r

ries Vaccinium myrtillus, a lpenrose Rhododendron fer- 
rugineum, and  grasses Calamagrostis spp., Festuca 
spp.

A verage annua l p rec ip ita tio n  is 833 m m , w ith  

p eaks o f  ra in fa ll in  Ju n e an d  N o v em b er (A scensio  

1983). Ju ly  an d  A u g u st are re la tiv e ly  dry. A verage 

snow  d ep th  fro m  Jan u ary  to  M arch  varies from  1.3 to 

2 .0  m . M ean  m in im um  tem p era tu re  fro m  Jan uary  to 

M arch  is -4°C  (m ean  m ax im um  =  + 3°C ) and  in  Ju ly  

an d  A u g u st the m ean  m in im u m  tem pera tu re  is + 8°C  

(m ean  m ax im um  - + 19°C ).

F em a le  b lack  g rouse w ere cap tu red  using  d rop- 

nets on leks d u ring  sp ring  d isp lay  and  l i ly -pad  traps 

in  sp ring , su m m er an d  fa ll (L isc insky  &  B ailey  

1955). F u rth e rm o re , p o in ting  dogs w ere used  to 

loca te  b ro o d s and  the young  w ere  f lu sh ed  in to  nets. 

B irds w ere  c lass if ied  as ju v en iles  (2 -10  m on ths), 

y earlings (10 -22  m on ths) o r adu lts (> 22  m on ths) on 

the basis o f  p r im ary  fea th er p ig m en ta tio n  (H e lm inen 

1963). S om e hens had  p ro b ab ly  in itia ted  lay ing  at the 

tim e  o f  cap tu re , b u t none had  sta rted  incubating . 

S om e fem ales cap tu red  in  su m m er w ere on ly  seven 

w eeks o f  age w hen  eq u ip p ed  w ith  rad io -transm itte rs.

B irds w ere  f itted  w ith  n eck lace  rad io -transm itte rs 

w ith  an ex p ec ted  l ifespan  o f  1-2 years. T ransm itters 

w e ig h ed  10-15 g fo r ju v en iles  and  15-17 g fo r y ea r

lings and  adu lts, i.e. - 2 %  o f  the body  m ass o f  

fem ales a t the tim e  o f  cap tu re.

F em ales w ere loca ted  at least once a w eek  using  a 

p o rtab le  rece iv e r and  a h an d -h e ld  yag i an tenna. To 

red u ce  d is tu rb an ce , w e tr ied  to  stay  at least 20 m  

from  incubating  and  b ro o d in g  hens.

T h e  nu m b er o f  young  reared  by  unm ark ed  hens 

w as de te rm in ed  using  p o in ting  dogs in  A u g u st on a 

re fe ren ce a rea  o f  836 ha  w here m any  o f  the m arked  

hens nested . To m ake co m parisons o f  m ark ed  and 

unm ark ed  hens m ean ing fu l, rep ro d u c tiv e  success o f  

m ark ed  hens w as a lso  ch eck ed  w ith  dogs in  A ugust.

A ll m ark ed  hens w ere cap tu red  on  the 836-ha re f 

e rence area, b u t six  nested  up to  n ine  k ilom etres 

aw ay. W e co m b in ed  the d a ta  fo r a ll m arked  hens, 

b ecause rep roduc tive  success w as s im ila r fo r those 

nesting  on  and  o f f  the 8 3 6 -ha a rea  (0 .9  vs 1.0 

young /hen , F U8 =  0 .22 , P  =  0 .64 ; e ffec ts o f  y ear and  

age con tro lled ). F u rtherm ore , rep ro d u c tiv e  success 

o f  unm ark ed  h en s on  a  second  area e ig h t k ilom etres 

d is tan t from  the re fe rence area w as s im ila r to  th a t o f  

unm ark ed  hens on  the 836-ha a rea  d u ring  the five 

years o f  co un ts (1 .48  vs 1.54 y o ung /hen , x 2i =  0.11, 

P  =  0 .74 ; e ffec t o f  y ear con tro lled ). O ne rad io 

m ark ed  hen  a ttem p ted  to  b reed  in  th is second  area.

T he nests o f  rad io -m ark ed  hens w ere lo ca ted  d u r

ing  incubation . N est fa te  w as ch ecked  e ith e r a fter 

ha tch ing , o r w hen  nest fa ilu re  w as suspec ted  (fem ale  

fo u n d  aw ay  fro m  the n est on  tw o  c o n secu tiv e  

checks). A  n est w as con s id e red  su ccessfu l w h en  >1 

eggs hatched .

W e e m p lo y e d  G en era l L in e a r  M o d e ls  w ith  a 

B inom ia l E rro r d is tr ib u tio n  (B E D ) w ith  a lo g it l ink 

fu n c tio n  o r a P o isson  E rro r d is tr ibu tion  (PE D ) w ith a 

log  link  fu n c tion  using  G L IM  so ftw are (N A G  1986), 

w ith  stepw ise  b ackw ard  de le tions o f  n o n -s ign if ican t 

term s, to  com pare  rep ro d u c tiv e  pa ram ete rs o f  d if fe r

en t ca tego ries o f  hens (e.g . m ark ed  vs unm arked). 

W hen  necessary , ad justm en t o f  the sca le  pa ram ete r 

w as u sed  to  co rrec t fo r o v erd ispers ion  w ith  the d evi

ance ra tio  p ro ced u re  (A itk in , A nderson , F ran c is &  

H inde 1989). In  such  cases, F  sta tistics w ere  u sed  in 

stead  o f  x 2-tests as su ggested  by  A itk in  e t al. (1989). 

T he res id u a l d ev iance/deg ree o f  f reedom  ra tio  C  o f  

the m ax im um  m o d e l ( inc lud ing  a ll in te rac tion  term s 

and  m ain  e ffec ts) w as u sed  to  d ec ide  w h e th er data  

w ere  overd isp ersed  (C  > 2) o r n o t (C  <  2) (A itk in  et 

al. 1989, C raw ley  1993).

W e tested  fo r d if fe rences in  success in  rearing  a 

b rood  (hens w ith  b ro o d /to ta l n u m b er o f  h en s w ith  

and  w ith o u t b roods) and  fo r d if fe rences in  the n u m 

b e r o f  young  rea red  p e r hen  (to ta l yo u n g /to ta l n u m 

b e r o f  hens w ith  and  w ithou t b roods) o f  m ark ed  vs 

unm ark ed  h en s (e ffec t o f  y ear con tro lled ). In  ad d i

tion , w e tested  am ong  m arked  h en s fo r e ffec ts o f  age 

(yearling  vs adu lt), year, and  tim e o f  cap tu re  (hens 

m ark ed  in  the cu rren t sp ring  vs h en s m ark ed  >6

W IL D L I F E  B IO L O G Y  ■  4 :4  ( 1 9 9 8 ) 207

 1903220x, 1998, 4, D
ow

nloaded from
 https://nsojournals.onlinelibrary.w

iley.com
/doi/10.2981/w

lb.1998.023 by C
ochrane France, W

iley O
nline L

ibrary on [07/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



m onths be fo re  lay ing ) on success o f  nests (B E D ), 

success in  rea r in g  a b ro o d  (B E D ), nu m b er o f  young  

reared  p e r hen  inc lud ing  h ens w ithou t b ro o d  (PE D ), 

and  on the p ro b ab ility  th a t a hen  w ou ld  renest a fter 

destru c tio n  o f  the f irs t c lu tch  (B E D ). D ata  from  

in strum en ted  fem ales th a t d ied  be fo re  the en d  o f  the 

b reed ing  season  (31 A ugust) w ere  om itted .

Results

T h ere  w ere no  s ig n if ican t b e tw een -y ear d if fe rences 

in  the ad u lt/yearling  ra tio  o f  m ark ed  hens (x 24 =  7.23, 

P  =  0 .13 ). H a tch ing  o ccu rred  at the en d  o f  Ju n e and 

early  Ju ly  (f irs t nests) and  in  m id  o r la te  Ju ly  (re 

nests). Y oung w ere 2-7  w eeks o f  age in  ea r ly  A ugust. 

F ro m  1991 to  1995, w e m o n ito red  14 h ens cap tu red  

as adu lts  and  seven  cap tu red  as ju v en iles  (au tum n) o r 

yearlings (sp ring ). O f  these 21 hens, 17 w ere m o n i

to red  du ring  a  sing le  b reed ing  season , th ree  during 

tw o  and  one d u ring  th ree  seasons, co rresp o n d in g  to 

26 m arked -hen  b reed ing  seasons. R ep ro d u c tiv e  suc

cess (to ta l n u m b er o f  yo u n g /to ta l n u m b er o f  hens 

w ith  o r w ith o u t b rood ) o f  h en s m o n ito red  d u ring  tw o 

b reed ing  seasons o r m ore  w as n o t s ig n if ican tly  d if 

fe ren t from  tha t o f  hens m o n ito red  du ring  a sing le 

b reed ing  season  (F u8 =  1.77, P  =  0 .20; e ffec ts o f  year 

and  age con tro lled ). In  17 o f  the 26  m arked -hen  

b reed ing  seasons no  yo u n g  w ere  rea red  becau se  nests 

w ere destro y ed  by  red  fox  Vulpes vulpes o r m arten  

Martes martes o r M. foina and  in  th ree  ch icks w ere 

lo st w ith in  one w eek  o f  ha tch ing . S ix  m ark ed  hens 

w ere  acco m p an ied  by  >1 ch icks in  m id -A ugust. E ach  

y ear from  1991 to  1995, w e co un ted  an  average o f  50 

un m ark ed  hens (range 37 -69 ), 23 b roods (11-44), and 

83 ju v en iles  (24 -192 ) on  the re fe ren ce  area.

S m all sam p les o f  m ark ed  h en s p rec lu d ed  testing  

fo r d if fe rences in annual m ean  b ro o d  size (num ber of  

youn g /b ro o d ) be tw een  successfu l m arked  and  u n 

m ark ed  hens. F o r a ll years p oo led , there  w as no  d e 

tec tab le  d if fe rence in  the m ean  b ro o d  size o f  suc

cessfu l m ark ed  (3 .3 , N  = 6) and  unm arked  hens (3 .6 , 

N  =  114) (M ann -W h itney  test, U  =  314 .0 , P  =  0 .73 , 

T ab le 2). H ow ever, a fte r co n tro llin g  fo r the e ffec t o f  

year, w e fo u n d  tha t m ark ed  hens ra ised  few er b roods 

(0 .23 vs 0 .45 b rood /hen , x 2i =  4 .96 , P  =  0 .03 ), and 

few er young  (0 .77  vs 1.66 y o ung /hen , x 2i =  5 .23 , P  = 

0 .02 ) than  unm arked  hens (see T ab le 2).

B reed ing  pe rfo rm an ce  o f  m arked  hens va r ied  in d e

p enden tly  o f  age (all P  va lu es >  0 .20 ) and  y ear (all P  

va lues >  0 .10 ), b u t hens cap tu red  in  the cu rren t 

sp ring  had  lo w er nesting  success (0 .08  vs 0 .57 , x 2, = 

8.23, P  =  0 .004 ) and  ra ised  few er young  (0 .25 vs 1.2 

young /hen , F U2 = 4 .4 , P  =  0 .058 ) and  few er b roods 

(0 .08 vs 0 .35 b rood /hen , xh  =  4 .56 , P  =  0 .03 ) than  

th o se  m ark ed  >6 m on ths befo re  lay ing  (T ab le 3). 

M oreover, fem ales cap tu red  in  the cu rren t sp ring  re

nested  less frequen tly  in  all years b u t 1992 (i.e. there 

w as a  s ig n if ican t e ffec t o f  in te rac tion  b e tw een  year 

and  tim e o f  cap tu re , x \  =  6 .32 , P  = 0 .04 ) w hen  the 

sing le  successfu l fem ale  had  b een  cap tu red  in  the 

cu rren t sp ring  and  had  ren ested  (see T ab le 3). W hen 

the 1992 d a ta  w ere rem oved , the in te rac tion  w as no 

lo n g er s ig n if ican t (P  >  0 .20 ) b u t the e ffec t o f  time o f  

cap tu re  (hens m arked  in  the cu rren t sp ring  vs hens 

m ark ed  > 6  m on ths be fo re) w as still s ign if ican t fo r all 

rep ro d u c tiv e  param eters con s id e red  (nest success: 

X2, =  15.59, P  =  0 .0001 ; b rood  success: x 2i =  9 .54 , 

P  =  0 .002 ; nu m b er o f  young  reared : x 2i =  9 .54 , P  =  

0 .002 ; renest p ro b ab ility  x 2i =  7 .78 , P  =  0 .005). In  

fac t, on ly  one o f  12 fem ales m arked  in  the cu rren t 

sp ring  ra ised  a b ro o d  (see T ab le 3). A ll the o th e r hens 

m arked  in  the cu rren t spring  in itia ted  nests, b u t lost 

th e ir  f irs t nests to  p redato rs w ith in  a few  days o f 

in cubation , and  d id  n o t ren est (see T ab le 3).

F inally , hens m arked  > 6  m on ths b e fo re  lay ing  

ten d ed  to  ra ise  few er b roods (0.35 vs 0 .45  b rood /hen ) 

and  few er young  (1 .20  vs 1.66 y oung /hen ) than  u n 

m ark ed  hens b u t th e  d if fe rences w ere n o t s ign if icant 

(b rood  success: x 2i =  0 .61 , P  =  0 .44; n u m b er o f  young  

rea red  x 2i =  1.18, P  = 0 .28). In  co n trast fem ales 

m ark ed  in  the cu rren t sp ring  ra ised  s ign if ican tly

T ab le  2. R e p ro d u c tiv e  p a ra m e te rs  o f  b la c k  g ro u se  h en s  w ith  (m ark ed ) an d  w ith o u t (u n m ark ed ) ra d io -tra n sm itte rs  in  the Q u ey ras, so u th 

e rn  F re n ch  A lps.

Year

B rood/hen B rood size Young/hen

M arked U nm arked M arked U nm arked M arked U nm arked

1991 0 .00  (0 /2 ) 0 .36  (18/50 _ 3.1 (18) 0 .00  (0/2) 1.11 (55/50)

1992 0.17 (1 /6 ) 0.23 (11/48) 3.0  (1) 2.2  (11) 0 .50  (3/6) 0.50  (24/48)
1993 0.50  (2 /4 ) 0 .46  (17/37) 2 .0  (2) 3.1 (17) 1.00 (4/4) 1.43 (53/37)
1994 0.17 (1 /6 ) 0.48 (24/50) 4 .0  (1) 4.1 (24) 0 .67 (4/6) 1.98 (99/50)

1995 0.25 (2 /8 ) 0 .64  (44/69) 4 .5 (2) 4 .4  (44) 1.12 (9/8) 2.76  (191/69)

1991-95 0.23 (6/26) 0.45 (114/254) 3.3 (6) 3 .6  (114) 0 .77  (20/26) 1.66 (422/254)
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T ab le  3. R e p ro d u c tiv e  p a ra m e te rs  o f  b la c k  g ro u se  h en s m ark ed  in  the c u rre n t sp r in g  v s  h en s m ark ed  > 6  mo n th s b e fo re  sp r in g , Q uey ras, 

so u th e rn  F re n ch  A lps.

Year

H ens m arked in  the curren t spring H ens m arked >6 m onths befo re spring

N est success B rood/hen

R enest

probability Y oung/hen N est success B rood/hen

R enest

probability Y oung/hen

1991 . - - - 0.00  (0 /2 ) 0 .00  (0 /2 ) 0.00  (0/2) 0 .00  (2)

1992 0.25 (1 /4 ) 0.25 (1 /4 ) 0.25 (1 /4 ) 0.75 (4) 0.00  (0/2) 0 .00  (0/2) 0.00  (0/2) 0 .00  (2)

1993 0.00  (0/2) 0 .00  (0 /2) 0 .00  (0/2) 0 .00  (2) 1.00 (2 /2 ) 1.00 (2 /2 ) 1.00 (2/2) 2 .00  (2)

1994 0.00  (0/3) 0 .00  (0 /3) 0 .00  (0/3) 0 .00  (3) 0.66  (2 /3 ) 0.33 (1 /3 ) 0.00  (0/1) 1.30 (3)

1995 0.00  (0/3) 0 .00  (0 /3) 0 .00  (0/3) 0 .00  (3) 0.80  (4 /5) 0 .40  (2 /5 ) 0.50  (1/2) 1.80 (5)

1991-95 0.08 (1/12) 0.08 (1 /12) 0.08 (1/12) 0.25 (12) 0.57 (8/14) 0.35 (5/14) 0.33 (3/9) 1.20 (14)

few er b ro o d s than  un m ark ed  hens (0 .08  vs 0 .45 , x 2, =  

7 .13 , P  =  0 .008 ) and  few er young  in  a ll years but 

1992 (i.e. there  w as a  s ig n if ican t e ffec t o f  in te rac tion  

b e tw een  y ear an d  tim e  o f  cap tu re , x \  -  10.62, P  = 

0 .013 , see above and  T ab le 2). W hen  the 1992 data  

w ere  rem oved , the in te rac tion  w as no  lo n g er s ig n if i

can t (x 22 =  0 .01 , P =  0 .99 ), b u t the e ffec t o f  tim e o f  

cap tu re  w as still s ign if ican t, tha t is m arked  hens cap 

tu red  in  the cu rren t sp ring  ra ised  few er b roods (x 2, =  

11.52, P  =  0 .0007 ) and  few er young  (x 2, =  17.39, P  =  

0 .0003 ) than  unm ark ed  h en s (e ffec t o f  y ear c o n 

tro lled ).

Discussion

L o w  b reed ing  success o f  hens m ark ed  in  the cu rren t 

sp ring  resu lted  large ly  from  nest p redation , and  to a 

lesser ex ten t from  lo w er ren esting  frequency . In  con 

trast, th ere  w ere  no  d e tec tab le  n egative  e ffec ts o f 

rad io -track ing , inc lud ing  possib le  hand icaps caused 

by  th e  rad io -co lla r and  m o n ito ring  activ ity , on  repro 

duc tive  param ete rs o f  hens m arked  >6 m on ths befo re 

lay ing .

T h e  resu lts in d ica te  th a t nests o f  hens cap tu red  jus t 

be fo re  o r in  the f irs t days o f  lay ing  su ffered  a h ig h er 

r isk  o f  p red a tio n  than  nests  o f  bo th  u n m ark ed  hens 

and  hens m ark ed  >6 m o n th s be fo re  lay ing . T h is 

inc reased  r isk  co u ld  h ave b een  due to  changes in  the 

b eh av io u r o f  hens b ecau se  o f  the co m b in ed  e ffec ts of  

stress o f  cap tu re , h and ling , in itia l d isco m fo rt caused  

by  the rad io -co lla r, and  p e rs is ten t m on ito ring . O nce 

the b ird s had  ad justed  to  the transm itter, its p resence 

a lone m ay  n o t have been  a p rob lem . T he transm itte rs 

w ere re la tiv e ly  sm all, rep resen tin g  on ly  ab ou t 2%  of 

b ody  w eigh t. It has b een  genera lly  accep ted  that 

tran sm itte rs w e igh ing  no  m o re  than  3%  o f  the b ird ’s 

b od y  w e ig h t h ave no  s ig n if ican t e ffec ts on  surv iva l 

o r rep ro duc tion  (bu t see C accam ise  &  H ed in  1985, 

P en n y cu ick , F u lle r  &  M cA ll is te r  1989). In  red

g rouse Lagopus lagopus scoticus, n eck lace  tran sm it

ters w eigh ing  2 -2 .5%  o f  body  w e ig h t apparen tly  had  

no  adverse  e ffec ts on  c lu tch  size o r ha tch ing  success 

(T h irgood , R edpath , H udson , H urley  &  A eb ischer 

1995).

In v estiga to rs m ay  reduce n est success by  in c reas

ing  p red a tio n  r isk  o r n est desertion  (G o tm ark  1992). 

Investig a to r d is tu rbance p robab ly  does n o t en tire ly 

ex p la in  the d if fe rences w e fo u n d  in  rep ro d u c tiv e  suc 

cess be tw een  h ens m ark ed  in  sp ring  and  those 

m ark ed  ear lie r because nests o f  bo th  g roups w ere 

s im ila rly  m on ito red . B u t d is tu rbance and  m on ito ring 

co u ld  ex p la in  part o f  the d if fe rence be tw een  m arked 

and  un m ark ed  hens. A m ong  the m arked  hens, fo u r 

(one w as cap tu red  in  the cu rren t spring) w ere  acc i

d en ta lly  f lu sh ed  from  the ir nest d u ring  incubation , 

tw o  o f  w h ich  w ere  successfu l (bo th  m ark ed  >6 

m on ths b e fo re  lay ing). T he eggs o f  the o th er tw o  

w ere  ea ten  by  p redato rs. O ne o f  these (w h ich  w as 

m arked  > 6  m on ths befo re  spring) apparen tly  d esert

ed  befo re  p redation . F u rtherm ore , w e canno t to ta lly 

e lim ina te  the p o ssib ility  tha t nest su rv iva l w as com 

p ro m ised  by  observers app roach ing  to  w ith in  20 m  o f 

n ests severa l tim es du ring  rad io -track ing . O n the 

o ther hand , tw o  recen t stud ies show ed  th a t inv esti

g a to r d is tu rbance had  a  lim ited  im p ac t on nest suc

cess o f  ro ck  p ta rm ig an  Lagopus mutus (C o tte r &  

G ra tto  1995) an d  w il lo w  p ta rm ig an  L. lagopus 
(H annon , M artin , T hom as &  Sch ieck  1993).

D ogs m ay  h ave b een  m ore like ly  to  f in d  h ens w ith  

b roods th an  b rood less hens, lead ing  to  a sligh t ov er

estim a tio n  o f  rep ro d u c tiv e  success o f  un m ark ed  

hens. H ow ever, th is does n o t ex p la in  the d if fe rence in 

rep ro d u c tiv e  success b e tw een  fem ales m arked  in  the 

cu rren t sp ring  and  fem ales m arked  >6  m o n th s befo re  

lay ing .

P rev ious rad io -track in g  stud ies o n  b lack  g rouse 

have no t repo rted  negative e ffec ts o f  rad io -track ing  

on rep ro d u c tio n  o r su rv iva l (A nge lstam  1984, W ille- 

b rand  1988), even  th ough  m o st hens w ere  cap tu red
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on  leks in  spring . H ow ever, to le ran ce to  cap tu re  and 

transm itte rs m ay  d if fe r b e tw een  po p u la tio n s o f  the 

sam e spec ies (L ance &  W atson  1978).

O u r resu lts  are in  ag reem en t w ith  p rev io u s f ind ings 

in  o th e r g rouse spec ies su ggesting  th a t h en s are p ar

t icu la rly  sensitive  to  d is tu rb an ce  in  the early  stages o f  

rep roduc tion . F o r exam p le , in  red  g rouse rep ro d u c 

tive  success o f  h en s eq u ip p ed  w ith  back -p ack  rad io 

tran sm itte rs ju s t b e fo re  lay ing  w as poor, w hereas 

h en s rep ro d u ced  n o rm ally  w h en  eq u ip p ed  ha lfw ay  

th rough  in cu bation  (L ance &  W atson  1978). M o re 

over, C a lvo  &  F u rness (1992) show ed  th a t the m ost 

rep o rted  e ffec t o f  rad io -m ark in g  on  b irds w as an  ini

t ia l d isco m fo rt lasting  from  a few  m inu tes to  a few 

w eeks.

P rev ious stud ies g enera lly  rep o rted  few  negative 

e ffec ts o f  rad io -track in g  on  rep roduc tion , b u t m ost 

fo cu sed  on ly  on  rad io - tran sm itte r  a ttach m en t o r 

w e ig h t (e.g . A m laner, S ib ly  &  M cC leery  1978, 

W arner &  E tte r  1983, W h ite  &  G arro tt 1990, C a lvo  

&  F u rness 1992). F u rth e rm o re , m any  stud ies have 

b een  on  cap tive  fem ales (H ouston  &  G reenw ood  

1993). O thers co m p ared  b reed ing  success o f  fem ales 

eq u ip p ed  w ith  rad io -tran sm itte rs to  m ark ed  (ringed  

o r b ack -tagged ) o r d is tu rb ed  fem ales (B oag , W atson 

&  P a rr 1973, G ilm er e t al. 1974, E r ik s tad  1979, 

T ay lo r 1991, Foster, F o rsm an , M enslow , M iller, 

R e id , W agner &  C arey  1992, C o tte r &  G ra tto  1995, 

T h irgood  e t al. 1995, W ard &  F lin t 1995). M o st o f  

these stud ies assessed  e ffec ts o f  rad io -m ark in g  on 

rep ro d u c tiv e  e ffo rt (R o te lla  e t al. 1993) o r on  a short 

phase o f  the rep ro d u c tiv e  cyc le  (P ietz , K rapu , G reen 

w o o d  &  L o k em o en  1993) ra th e r th an  on  th e  nu m b er 

o f  young  reared .

O u r study  has show n  the m o st n egative  e ffec t on 

rep ro duc tion  o f  any  rad io -track in g  study  ( inc lud ing 

stress o f  cap tu re , h an d lin g  an d  pers is ten t m on ito ring ) 

o f  free -ran g in g  w ild  b ird s (b u t see F o ste r e t al. 1992). 

T h is is an im p o rtan t f ind ing , becau se  it has b een  pre 

v iously  su ggested  th a t rad io -co lla rs  w h ich  are less 

restr ic tiv e  and  less co n sp icu o u s than  transm itte rs 

m o un ted  on  h arn esses o r p o nchos h ave m in im a l 

e f fec ts  on  b eh av io u r, re p ro d u c tio n  an d  su rv iv a l 

(T h irgood  e t al. 1995). U n fo rtunate ly , w e canno t 

d raw  g enera l reco m m en d a tio n s fro m  ou r resu lts , as 

th e  lite ra tu re  ind ica tes th e re  is no  c lea r pa tte rn  o f  to l

e ran ce  to  rad io -track ing . E ach  spec ies, p opu la tion , o r 

c lass o f  in d iv idua ls m ay  reac t d if fe ren tly  to  rad io

track ing . H ow ever, b lack  g rouse in  the F ren ch  A lps 

shou ld  n o t be  f itted  w ith  rad io -tran sm itte rs betw een  

severa l w eeks be fo re  lay ing  and  som etim e a fter

ha tch ing  (see a lso  W h ite  &  G arro t 1990). B lack  

g rouse in  the F rench  A lps m ay  be m ore  sensitive  than  

o ther b lack  g rouse p o pu la tions (o r g rouse spec ies) to 

the e ffec ts o f  m ark ing , b ecause o f  the h ig h  p redation  

p ressu re  on  nests. In  the F rench  A lps, abou t 54%  o f 

nests o f  un m ark ed  hens su rv ive in cu bation  (E llison  

&  M agnan i 1985), w hereas the su rv iva l ra te  du ring  

in cu bation  in  F in lan d  is 71%  (L inden  1981). To o b 

ta in  re liab le  d a ta  on  rep roduc tive  success w ith  n eck 

lace transm itte rs in  the F ren ch  A lps, h ens shou ld  be 

m ark ed  severa l m on ths befo re  lay ing  an d  nesting  

h en s shou ld  n ev er be ap p roached  c loser th an  20  m.

M an ag em en t o f  b ird  spec ies req u ires re liab le  data. 

P o ssib le  b iases due to  cap tu re , hand ling , tran sm itte r 

and  m o n ito ring  shou ld  be system atica lly  ch ecked  b e 

cause the sam e m ethods m ay  h ave d if fe ren t e ffec ts in  

d if fe ren t popu la tions. W h en ev er p o ssib le , a lte rn a

t ives to  m ark ing  (e.g. census techn iques) shou ld  be 

the p re fe rred  m ethod  to  estim ate  rep ro d u c tiv e  suc

cess. O therw ise , s im u la tions (e.g . L eslie  M atrix ) 

shou ld  be u sed  to  assess the va lid ity  o f  estim a ted  

d em ograph ic  param eters . F inally , researchers stu d y 

ing  ind iv idua l o r p o pu la tion  d if fe rences in  life  h is to 

ry  tra its  shou ld  be aw are o f  p o ssib le  in te rac tive  

e ffec ts o f  m ark ing , e.g . yearlings co u ld  su ffe r m ore 

from  m ark ing  than  adu lts  (L ance &  W atson  1978).
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