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The  forearm  length  is  a  Standard  measurement  taken  in  studies  of  microchiropteran  bats.
It  has  been  used  in  taxonomic  revisions  (e.  g.  Kitchener  and  Caputi  1985;  Kitchener  et
al.  1986,  1987),  for  the  differentiation  of  closely  related  bat  species  during  field  studies
(e.  g.  Hall  and  Richards  1979;  Reardon  and  Flavel  1991;  Parnaby  1992;  Queale  1997)
and  to  investigate  differences  between  populations  of  individual  species  (e.  g.  Kitchener
and  Caputi  1985;  Tidemann  1986;  Lumsden  and  Bennett  1995),  in  determining  age  and
growth  rates  (e.  g.  Kunz  and  Anthony  1982;  Anthony  1988),  body  condition  (e.  g.  Ran-
some  1990;  Herr  1998),  and  sexual  dimorphism  (e.  g.  Myers  1978;  Best  1988;  Jones  and
Kokurewicz  1994;  Lumsden  and  Bennett  1995).  In  most  ecological  studies  measure-
ments  are  taken  on  live  animals  under  field  conditions,  thereby  increasing  the  potential
for  error.  Errors  could  be  due  to  Variation  in  measurements  taken  by  a  Single  investigator
or  due  to  differences  between  investigators.  Bilateral  differences  in  the  length  of  the  fore-
arm  of  individual  bats  are  another  source  of  Variation.  This  study  investigates  the  variabü-
ity  of  forearm  measurements  of  bats  caused  by  different  investigators  as  well  as  differ-
ences  in  left  and  right  forearm lengths  of  individuals.

Measurements  were  taken  on  31  little  forest  bats  (Vespadelus  vulturnus)  and
13  Gould's  wattled  bats  (Chalinolobus  gouldii)  caught  in  Chiltern  State  Forest,  north-east-
ern  Victoria  (36°09'S  146°39'E)  in  February  1996.  The  sample  included  both  males  and  fe-
males,  adults  and  sub-adults.  The  authors  (Investigators  1-3)  used  their  own  Vernier  cali-
pers  to  measure  the  forearm  lengths  of  the  bats  under  field  conditions.  Each  measured
the  left  and  right  forearm  of  each  bat  twice.  Measurements  were  made  to  the  nearest
0.1  mm.  The  data  were  recorded  separately  for  each  investigator  by  three  additional  peo-
ple.

The  results  were  analysed  using  one-way  and  two-way  ANOVAs.  All  data  were  nor-
mally  distributed  with  equal  variances.  Although  there  were  several  outliers  in  the  data,
ANOVAs  conducted  with  and  without  these  outliers  were  found  not  to  influence  the  re-
sults  significantly.  To  assess  variabüity  among  investigators,  their  first  measurements  were
compared,  whilst  treating  the  measurements  of  left  and  right  forearms  as  independent
values.

There  were  no  significant  differences  among  the  mean  measurements  taken  by  the
three  investigators  for  either  species  (Tab.  1),  with  Variation  between  investigators  less
than  0.5  mm.  Using  the  first  measurement  of  each  forearm  (all  investigators  combined),
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Table 1. Means and Standard deviations of the first measurement made by three investigators (1, 2, 3)
of each forearm of the 44 microchiropteran bats. All measurements in mm. Results of one-way
ANOVAs are also presented.

Forearm

the  95%  confidence  intervals  of  forearm  length  were  calculated  to  be  ±  0.1  mm  for  V.  vul-
turnus  and  ±  0.3  mm  for  C  gouldii.  The  mean  absolute  difference  between  measurements
of  individual  bats  taken  by  different  investigators  was  0.3  ±  0.3  mm  for  V.  vulturnus  and
0.4 ± 0.3 mm for C. gouldii.

The  influence  of  the  different  investigators  and  the  sides  (left  and  right  forearm)  were
compared  using  the  first  measurements  of  each  forearm.  There  were  no  significant  differ-
ences  between  the  mean  length  of  the  left  and  right  forearms,  nor  between  the  mean  fore-
arm  length.  However,  in  three  of  the  31  V.  vulturnus  measured,  the  right  and  left  forearms
were  significantly  different,  with  all  six  pairs  of  measurements  outside  the  95%  confi-
dence  limit.  In  all  cases  the  right  forearm  was  larger  than  the  left,  with  mean  differences
of 1.7 ± 0.5, 1.0 ± 0.3, and 0.7 ± 0.2 mm.

The  mean  absolute  differences  between  first  and  second  measurements  of  each  forearm
taken by  the  three  investigators  were  compared.  This  mean difference is  presented as  a  per-
centage  of  the  forearm  length  for  comparison  between  species  (Tab.  2).  The  differences  be-
tween  repeated  forearm  measurements  were  proportionally  higher  for  the  smaller  species
V.  vulturnus  with  16.1%  of  the  differences  outside  the  95%  confidence  interval,  compared
to  3.8%  for  C.  gouldii.  These  differences  were  markedly  higher  for  Investigator  1,  with
25.0%  of  the  differences  between  repeated  measurements  outside  the  95%  confidence  in-
terval,  compared  to  3.4%  and  9.1%  for  Investigators  2  and  3,  respectively.

Although  there  was  no  significant  difference  in  the  mean  value  of  measurements
taken  by  the  three  investigators,  there  was  considerable  variability  between  sets  of  re-
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peated  measurements,  with  variability  of  the  measurements  of  one  investigator  being
greater  than  the  variability  among  the  investigators.  Measurement  variability  was  not  uni-
form  among  investigators.  For  example,  Investigator  1  showed  the  greatest  difference  be-
tween  the  first  and  second  measurements  of  V.  vulturnus  at  1.5  mm,  while  this  difference
was 0.4 mm for Investigator 2 and 1.0 mm for Investigator 3.

This  study  found  that  measurements  taken  by  single  investigators  are  more  reliable
than  those  collected  by  multiple  investigators.  This  variability  needs  to  be  considered
when  measurements  made  by  two  or  more  investigators  are  compared.  Further,  research-
ers  need  to  take  their  own  inconsistencies  into  consideration  when  using  morphometrics
to  identify  closely-related  species  or  to  compare  populations.  Within  south-eastern  Aus-
tralia,  the  lengths  of  the  forearm  of  several  pairs  of  sympatric  bat  species  (e.  g.  Scotore-
pens  orion  and  S.  balstoni,  V.  darlingtoni  and  V.  pumilis,  and  Nyctophilus  timoriensis  and
N.  gouldi)  are  used  as  a  diagnostic  character  in  taxonomic  keys  often  relying  on  differ-
ences  of  1  mm  (Parnaby  1992).  Such  differentiation  between  species  requires  careful
measuring,  preferably  with  duplicate  measurements.

Although  differences  in  the  lengths  of  left  and  right  forearms  of  bats  have  been  recog-
nised  previously  (unpubl.  data),  this  study  has  demonstrated  that  such  differences  often
may  be  due  to  measurement  errors.  While  there  was  no  significant  difference  between
the  left  and  right  forearms  of  the  population,  three  individual  V.  vulturnus  showed  a  sig-
nificantly  larger  right  forearm  than  left.  Clearly,  when  repeated  measurements  are  being
used,  for  example,  for  growth  studies,  all  measurements  should  be  taken  from  the  same
side of the bat.

Variability  of  measurements  caused  by  the  use  of  different  techniques  among  re-
searchers  could  be  reduced  by  the  adoption  of  measuring  Standards.  We  suggest  measur-
ing  to  the  end  of  the  radius  of  the  bat's  right  forearm.  If  the  data  are  being  recorded  by  a
second  person,  the  recorder  should  repeat  the  measurement  back  to  the  measurer,  to  re-
duce  recording  errors.  It  is  further  recommended  that  bat  forearms  are  measured  to  the
nearest  0.1  mm,  but  that  Statistical  comparisons  suggesting  differences  between  means  of
less  than  0.2  mm  for  the  smaller  species  (proportionately  greater  for  the  larger  species)
are treated with some caution.

The  precision  of  investigators  can  be  verified  by  comparing  duplicate  measurements
or  by  comparing  forearm  measurements  obtained  by  different  investigators  (as  described
by  Barrett  et  al.  1989).  The  95%  CIs  of  all  first  measurements  reported  in  this  study
(±  0.1  mm  and  ±  0.3  mm)  would  suggest  that  duplicate  measurements  of  the  forearm  of
individual  V.  vulturnus  and  C.  gouldii  should  be  less  than  0.2  mm  and  0.6  mm,  respec-
tively.

To  overcome  variability  between  investigators,  comparisons  of  measurements  could
be  used  to  generate  confidence  intervals  of  means,  although  this  would  only  be  practical
in  a  limited  geographical  region  and  would  need  to  be  repeated  and  checked  at  regulär
intervals  (Rogers  1984;  Barrett  et  al.  1989).  Where  such  an  approach  is  not  possible,
measurement  variability  should  be  determined  and  considered  in  Statistical  analyses  of
morphometrics.
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