
WOBBEGONG   MORPHOMETRICS   IN   NEW   SOUTH   WALES
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Figure  1.  Sampling  locations  for  collection  of  wobbegongs  in  New  South  Wales,  Australia

sunrise  on  the  following  day.
The  species,  gender  and  a  series  of  length

measurements  were  recorded  (to  the  nearest  mm)
for  each  shark  caught.  The  length  measurements
included:  total  length  (TL),  snout  to  anal-fin  insertion
length  (SAL),  and  partial  length  fi-om  the  pectoral-fin
origin  to  the  caudal-fin  origin  (PL).  SAL  was  taken
instead  of  fork  length  as  upper  and  lower  caudal  fin
lobes  of  wobbegongs  are  not  discernible.  Total  weight
(TW)  and  carcass  weight  (CW)  were  recorded  using
spring  balances  (scale:  100  ±  0.2  kg,  20  ±  0.2  kg,  5
±0.1  kg).

Linear  regressions  of  TL  on  SAL,  TL  on  PL,
and  TW  on  CW  were  determined  for  each  of  the
three  species  using  data  pooled  across  all  sites.  Log-
transformed  data  were  used  for  the  regressions  of  TW
on  TL  and  CW  on  PL  and  corrected  for  biases  caused
by  natural  logarithmic  transformation  (Beauchamp
and  Olson  1973).  Analyses  of  covariance  (ANCOVA)
were  used  to  test  for  differences  between  sexes  in
all  regressions.  When  the  slopes  and  intercepts  did
not  differ  significantly  between  sexes  the  data  were
pooled  and  a  common  regression  determined.

RESULTS

A  total  of  904  wobbegongs  (435  males  and  469
females)  was  collected  comprising:  1 83  male  and  202
female  O.  ornatus  (combined  range  471-1,017  mm
TL),  97  male  and  88  female  O.  maculatus,  (combined
range  870-1,575  mm  TL),  and  155  male  and  179
female  334  O.  halei  (combined  range  869-2,065
mm  TL).  Most  O.  ornatus  (86.5%)  were  collected
off  Nambucca  Heads  with  none  caught  south  of

Port  Stephens.  Orectolobus  maculatus  catches  were
distributed  among  Nambucca  Heads  (26.5%),  Port
Stephens  (30.8%)  and  Sydney  (37.8%),  with  none
caught  in  Eden.  Orectolobus  halei  were  caught  at
all  locations,  with  the  majority  caught  off  Sydney
(62.6%)),  and  sporadic  captures  at  the  remaining
locations  (Table  1).  Neonates  (bom  at  ~21  cm  for  O.
ornatus  and  O.  maculatus  and  ~30  cm  for  O.  halei)
and  small  juveniles  were  absent  in  the  catches  of  all
three  species  (Fig.  2).

The  conversion  parameters  estimated  are
applicable  to  the  size  range  analysed  (Table  1)  which
covers  most  of  the  population  size  range,  with  the
exceptions  of  neonates  and  small  juveniles  (not
caught  by  the  commercial  fishery).  All  regressions
were  significant  with  19  correlation  coefficients  out
of  22  over  0.84  (Table  2  and  3).

The  slopes  of  the  regressions  of  TL  on  SAL  (Table
2)  did  not  differ  significantly  between  the  sexes  for  O.
ornatus  and  O.  maculatus  (ANCOVA :  F  ,     =2.17  and^   slopes
0.62  respectively,  /*>  0.05),  but  the  intercepts  differed
significantly  between  males  and  females  (ANCOVA:
F.  =  5.29  and  1 1 .06  respectively,  both  P  <  0.05).intercepts   r   j   ^   /
The  adjusted  means  showed  that  male  O.  ornatus
and  O.  maculatus  had  a  significantly  greater  TL  for  a
given  SAL  compared  to  females.  Similarly,  the  slopes
of  the  regressions  of  TL  on  PL  (Table  2)  did  not  differ
significantly  between  the  males  and  females  of  O.
ornatus  and  O.  maculatus  (ANCOVA:  F ,      =3.06^   slopes
and  0.17  respectively,  P  >  0.05).  Again,  the  intercepts
of  the  regressions  of  TL  on  PL  (Table  2)  differed
significantly  between  the  sexes  (ANCOVA:  F. ,      .  =ct   J   V   intercepts
9.24  and  2.44,  P  <  0.001  and  P  <  0.05,  respectively).
The  adjusted  means  showed  that  the  male  O.  ornatus
and  O.  maculatus  had  a  significantly  greater  TL  for
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Figure  2.  Length-frequency  distribution  of  wobbegongs  caught
during  sampling  period  for  (a)  O.  ornatus,  (b)  O.  maculatus,  and  (c)
O.  halei  for  males  (solid  bar)  and  females  (open  bar).

a  given  PL  when  compared  to  females.  Neither  the
slopes  nor  intercepts  of  the  regressions  of  TL  on  SAL
and  TL  on  PL  (Table  2)  differed  significantly  between
the  sexes  for  O.  halei  (ANCOVA:  TL  on  SAL:  F  ,^   slopes
=  2.18  and  F  =  1.57,  both  P  >  0.05;  TL  on  PL:intercepts   '   '
F ,      =  0.3 1  and  F. ,        =  0.40,  both  P  >  0.05).slopes   intercepts   '   ^

The  slopes  of  the  regressions  of  TW  on  TL  (Fig.
3  and  Table  3)  differed  significantly  between  male
and  female  O.  ornatus  (ANCOVA:  F ,      =  6.62,  P^   slopes   '
<  0.05)  with  weight  increasing  at  a  faster  rate  than  in
females.  In  contrast,  slopes  of  the  regressions  of  TW
on  TL  (Table  3)  for  male  and  female  O.  maculatus  and
O.  halei  did  not  differ  significantly  (ANCOVA:  F^,  ̂ ^^
=  0.32  and  0.04  respectively,  both  P  >  0.05),  but'the

intercepts  were  significantly  different
between  the  sexes  (ANCOVA:

=  20.20  and  5.49,  P  <  0.001
<  0.05,  respectively).  The

adjusted  means  showed  that  females
of  O.  maculatus  and  O.  halei  had  a
significantly  greater  TW  for  a  given
TL  when  compared  to  males.

Neither  the  slopes  nor  intercepts
of  the  regressions  of  CW  on  PL  (Table
3)  differed  significantly  between  the
sexes  for  O.  ornatus,  O.  maculatus
and   O.   halei  (ANCOVA:   F,^   slopes
1.95,  2.15  and  1.15;  F.  =  0.01,'   '         intercepts   '
0.04  and  0.60;  all  P  >  0.05  for  O.
ornatus,  O.  maculatus  and  O.  halei  ,
respectively).

DISCUSSION

The  spatial  distribution  of
wobbegong  catches  provides  an
indication  of  their  distribution  within
NSW  waters.  Port  Stephens  was  the
southern-most  location  where  O.
ornatus  was  caught.  Although  O.
ornatus  have  been  recorded  as  far
south  as  Sydney  (207  km  south  of  Port
Stephens),  no  O.  ornatus  was  caught
around  Sydney.  Museum  registered
specimens  have  been  collected  as  far
north  as  the  Whitsunday  Islands  (20°
20'S  148°  54'E,  Australian  Museum
specimen  lA  3831),  restricting  the
distribution  of  O.  ornatus  firom
tropical  to  warm  temperate  waters
of  eastern  Australia.  Orectolobus
maculatus  is  abundant  in  central  NSW,
around  Port  Stephens  and  Sydney.
Orectolobus  maculatus  is  caught  in

larger  numbers  in  northern  NSW  than  O.  halei  and
has  been  recorded  as  far  north  as  Gladstone  (Kyne
et  al.  2005).  In  contrast  to  O.  halei,  O.  maculatus
was  rarely  caught  around  Merimbula  and  Eden  (S.
Fantham,  pers  comm.),  restricting  its  distribution  in
eastern  Australia  fi-om  tropical  to  temperate  waters.
Orectolobus  halei  catches  were  low  in  northern  NSW
and  higher  around  Sydney  and  Eden,  where  it  was
the  only  species  caught  during  this  study.  In  NSW,
O.  halei  is  more  abundant  in  temperate  waters  with
abundance  decreasing  in  warm  temperate  waters.
There  is  apparently  a  similar  trend  for  O.  halei
collected  in  Western  Australia  (WA)  (J.  Chidlow,  pers
comm.).
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Table  1.  Number  (with  TL  size  range  in  mm)  of  wobbegong  caught  during  June  2003-May  2006

Table  2.  Relationships  between  length-length  and  weight-weight.  Estimated  parameters  (and  standard
error)  from  the  linear  regression  analysis  to  derive  the  equation  Y  =  a+bX;  a  and  b  are  parameters;
n  is  sample  size;  r  ̂ is  square  of  correlation  coefficient;  rmse  is  root  mean  square  error;  and  P  is  prob-

ability of  statistical  significance  between  sex  with  ns  representing  P  >  0.05,  *  P  <  0.05,  **  p  <  0.01,  ***
P  <  0.001.  TL  is  total  length;  SAL  is  snout  to  anal-fin  insertion  length;  PL  is  partial  length;  TW  is  total
weight;  CW  is  carcass  weight.

Neonates  and  small  juveniles  were  rarely  caught
by  commercial  wobbegong  fishers  at  any  location.
Several  reasons  may  account  for  their  absence.
Neonates  and  small  juveniles  might  occupy  crevices
to  avoid  predation  and  forage  on  small  prey  living  in
the  crevices.  This  may  provide  a  physical  partitioning
of  the  habitat  within  a  given  location.  Gear  selectivity
could  also  decrease  neonate  catch  because  hooks  and

baits  used  in  the  commercial  wobbegong  fishery  are
too  large.  However,  gear  selectivity  is  unlikely  to
explain  the  absence  of  larger  juveniles  because  O.
ornatus  of  700-1000  mm  TL  are  commonly  caught
using  the  same  gear  and  in  the  same  areas  where  only
a  few  O.  halei  smaller  than  1300  mm  TL  are  caught.
It  seems  more  likely  that  small  wobbegongs  are  not
available  to  the  fishery  and  occur  within  different
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Figure  3.  Relationships  between  total  weight  and  total  length  of  wobbegongs  in  NSW.  Plots  of  mean  total
weight  against  TL  ( ),  with  95%  confldence  limits  ( )  and  95%  prediction  intervals  ( — ),  for  males
(left),  and  females  (right)  for  (a)  O.  ornatus,  (b)  O.  maculatus,  and  (c)  O.  halei.  Values  for  parameters  and
statistical  quantities  from  regression  analysis  are  given  in  Table  3.

habitats.  Furthermore,  a  similar  study  in  WA  yielded
no  O.  maculatus  smaller  than  900  mm  TL  and  only
one  O.  halei  (synonym  O.  ornatus)  smaller  than  1200
mm  TL  (Chidlow  2003).  Size  segregation  might
therefore  occur  with  neonates  and  small  juveniles
living  in  primary  and/or  secondary  nursery  areas.
Size  segregation  in  habitat  use  is  commonly  found
in  chondrichthyans  (e.g.  Simpfendorfer  1992),  with
neonates  living  in  nursery  areas  for  the  first  weeks,
months  or  years  (Heupel  and  Hueter  2002).  Nursery
areas  are  thought  to  provide  neonates  and  small  sharks
with  increased  food  availability  and/or  protection
against  predators  (Heupel  and  Hueter  2002).

The  regression  parameters  in  Tables  2  and  3
are  provided  for  scientists  and  fisheries  managers
as  an  aid  to  determining  size  when  TL  and  TW  are
required  but  cannot  be  measured,  but  where  SAL,  PL
or  CW  are  available.  The  absence  of  sex  differences
in  the  CW-PL  relationships  although  correlation
coefficients  are  high  suggested  that  somatic  growth
was  similar  between  males  and  females  (Braccini
et  al.  2006).  However,  the  regressions  of  TW  on  TL
differed  significantly  between  males  and  females  with
greater  body  weight  in  females.  Sex-based  differences
in  body  weight  are  often  due  to  discrepancies  in
the  weights  of  internal  organs  and  are  common  in
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Table  3.  Relationships  between  total  weight  (TW)-total  length  (TL)  and  carcass  weight  (CW)-partial
length  (PL).  Estimated  parameters  (and  standard  error)  for  the  relationships  for  males  and  females
derived  from  the  equation  TW=acTL''  and  CW=acPL'';  a  and  b  are  parameters;  c  is  the  Beauchamp  and
Olson  (1973)  correction  factor;  other  parameters  and  statistical  quantities  as  in  Table  2.

b  (s.e.) r  ̂       rmse      slope      intercept

ns

ns

2.82(0.11)   1.008   0.84   3.28

3.20(0.10)   1.010   0.88   4.62

2.69(0.11)   1.008   0.88   2.88

2.78(0.13)   1.007   0.87   2.64

2.69(0.11)   1.008   0.88   2.88

3.01   (0.070   1.008   0.95   5.21

2.83(0.43)   1.008   0.9   0.16   ns

2.38(0.15)   1.019   0.75   0.15   ns

2.80(0.08)       1.013       0.64      0.13        ns

***

***

ns

ns

ns

chondrichthyans  (e.g.  Walker  2005).  Differences
occur  due  to  the  inclusion  of  pregnant  females,  and
the  heavier  reproductive  organs  and  liver  in  females
(Stevens  and  Wiley  1986).  In  contrast,  male  O.
ornatus  and  O.  maculatus  had  significantly  greater
TL  for  a  given  SAL  and  PL  compared  to  females.  The
reason  for  this  sex  difference  is  unknown.

Most  life  history  parameters  used  in  fisheries
assessments  are  determined  as  a  function  of  total
length  or  weight.  Wobbegongs  landed  in  the  NSW
Ocean  Trap  and  Line  Fishery  are,  however,  beheaded
and  eviscerated  preventing  the  measurement  of  total
length  and  total  weight.  The  regression  relationships
documented  in  this  study  allow  estimates  of  total
length  and  total  weight  to  be  obtained  from  landed
carcasses  enabling  future  assessments  of  the
ecological  sustainability  of  the  fishery  through  a
more  accurate  knowledge  of  the  catch  composition
of  this  fishery.  Although  many  studies  provide
relationships  between  total  length  and  total  weight
(e.g.  Stevens  and  McLoughlin  1991),  we  concur  with
recommendations  of  the  International  Plan  of  Action
for  the  Conservation  and  Management  of  Sharks
(IPOA-Sharks)  (FAO  2000)  that  fiiture  studies  should

also  incorporate  the  measurement  of  partial  lengths
and  carcass  weight.  Only  when  this  is  done  routinely,
will  it  be  possible  to  estimate,  with  accuracy,  total
length  and  total  weight  and  provide  much  needed
information  on  the  length/weight  composition  of  the
catch  of  shark  fisheries.
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Linnaeus'   Philosophia   Botanica
translated  by  Stephen  Freer

Oxford  University  Press
Paperback  edition  2005  (ISBN  0  19  856934-3)

(translation  first  published  in  hardback  in  2003  -  the  paperback  edition  incorporates  a  few
minor  corrections)

Carl  Linnaeus  was  one  of  the  towering  figures  of
eighteenth  century  science,  renowned  as  the  father
of  binomial  nomenclature  and  commemorated  in  the
several  Linnean  Societies,  including  our  own.

Apart  from  acknowledging  his  historical  significance
why  would  anyone  today  read  Linnaeus  in  translation?
I  would  argue  that  there  is  much  to  learn  fr-om  such  an
exercise,  not  least  because  it  should  inspire  humility
-  in  many  respects  Linnaeus  was  the  very  model  of  a
modem  academic  -  and  when  it  comes  to  pedagogy
there  has  really  been  little  change  over  the  last  two
hundred  and  fifty  years.

Although  remembered  today  as  a  taxonomist,
Linnaeus  was  a  long  standing  teacher  at  the  University
of  Uppsala  where  he  attracted  record  audiences  to
his  lectures.  Students  and  former  students  remained
important  to  Linnaeus'  work  -  in  this  he  was  in
marked  contrast  to  Darwin  who  remained  outside
academia  and  worked  alone.  Daniel  Solander,  who
accompanied  Joseph  Banks  to  Botany  Bay,  and  who
is  remembered  in  Cape  Solander  and  a  memorial
garden  in  the  Royal  Botanic  Gardens,  was  a  student
of  Linnaeus,  but  unlike  his  teacher  was  a  reluctant
publisher  and  did  not  himself  describe  the  many
Australian  plants  he  collected.

Linnaeus  had  broad  interests  in  what  today  we  would
call  biodiversity,  and  was  a  pioneer  in  zoological
systematics  as  well  as  in  botany,  but  it  is  clear  that  his
main  fields  of  interest  were  botanical.

In  1736  Linnaeus  had  written  Fundamenta
Botanica,  consisting  of  365  aphorisms  on  matters
botanical.  Philosophia  Botanica  was  published,  in
Stockholm  and  Amsterdam,  in  1751.  ft  consists  of
the  365  aphorisms  of  the  Fundamenta,  arranged  in
12  chapters,  but  each  aphorism  is  now  followed  by
explanatory  text.

the  book.  (The  modem  concepts  of  science,  and
scientist,  had  yet  to  be  developed  by  William  Whewell
-  'Scientia'  translates  as  'knowledge'  which  would
not  completely  encompass  the  content  of  Philosophia
Botanica).

The  explanatory  text  which  the  Philosophia  adds
to   the  Fundamenta  are   essentially   lecture   notes
-  material  which  today,  along  with  the  illustrations,
would  be  made  available  to  students  via  the  web.  As
lecture  notes,  they  are  in  brief,  almost  staccato,  point
form,  and  provide  opportunity  for  scathing  attacks  on
the  errors  Linnaeus  perceived  in  the  work  of  others.
This  is  the  sort  of  thing  that  can  be  done  to  spice  up
lectures  but  would  normally  be  absent  from  "serious"
scientific  writing.  Indeed  such  flamboyance  is  absent
in  the  much  more  serious  Spec/e5  Plantarum,  the
commencement  of  modem  botanical  nomenclature,
published  only  two  years  later  in  1753.  There  are
also  numerous  references  to,  and  examples  fi-om,
Linnaeus's  other  publications.  This  frequent  self-
citation  has  been  viewed  as  self-aggrandisement  -  not
quite  in  good  form  -  but  if  the  Philosophia  is  seen
as  a  set  of  lecture  notes  it  is  more  understandable  as
being  Linnaeus  showing  his  students  that  he  had  mns
on  the  board  -  his  publication  record  showing  that  he
was  at  what  we  would  now  call  the  cutting  edge  of
research  so  that  you  could  take  what  he  said  as  being
right.  The  self-citation  was  a  means  of  attracting  the
interest  of  students  rather  than  representing  an  ego
trip  by  the  author.

The  Philosophia  also  includes  memoranda  -  notes
of  practical  instmction  on  matters  such  as  preparing
herbarium  specimens  and  making  notes  on  collections.
These  also  show  that,  long  before  his  time,  Linnaeus
included  as  advice  to  his  students  the  appropriate
Occupational  Health  and  Safety  warnings.  ("Botanical
outings  are  arranged  differently  by  different  people:
with  us,  the  following  [arrangements]  are  usual.

In  this  translation  'Philosophia'  is  rendered  as
'Science',  as  the  'Science  of  Botany'  is  the  best
explanation  to  a  modem  audience  of  the  nature  of

Very  light  and  very  loose  clothing,  proper  to
botanists,  (where  circumstances  permit)  and  the  most
appropriate  for  the  business
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