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2.   MATERIALAND   METHODS

In  313  specimens,  representing  43  species  (Table  1),  42
equivalent  skeletal  variables  (measurements  of  bone
lengths,  widths  and  depths)  were  taken,  as  described  in
detail  in  Nemeschkal  ( 1 999).  Twenty  measurements  stem
from  the  feeding  apparatus,  1 3  represent  the  flying  appa-

ratus and  9  hindlimb  locomotion  (Table  2).

Firstly,  centroids  of  43  species  over  42  variables  were  built
from  the  log  scaled  original  data  matrix  consisting  of  3 13
specimens.  This  procedure  was  essential,  because  body
mass  data  were  available  as  species  means  only.  Morpho-

logical variation  between  species  was  then  quantified  by
the  total  variance  of  species  centroids.  Body  mass  varia-

tion in  the  actual  ftingilline-cardueline  sample  ranges  from
a  maximum  of  54  g  in  the  Hawfinch  Coccothraustes  coc-
cothraustes  to  a  minimum  of  9  g  in  neotropical  siskins
(Table  1).  To  test  hypotheses  about  size  impact,  linear  re-

gression analysis  was  applied.  Log  transformed  species
means  of  body  mass  were  taken  as  predictor  variable  and
each  of  the  42  skeletal  measurements  as  criterion  variable.
The  42  resulting  residuals  are  used  as  the  variables  under
study  -  the  variables  corrected  for  body  mass  (=  variables
of  which  size  was  partialized  out;  BCM).  The  coefficients
of  determination  between  body  mass  and  original  variables
(Table  2)  were  tested  for  significance  using  random  boot-

strap (1000  replicates  each;  for  computer  programme

package  see  Nemeschkal  (1999)).  They  are  figured  as
profiles  of  variance  (Figs  1,  2).  Single  linkage  R-cluster
analyses  were  chosen  to  figure  correlations  of  original  da-

ta (Figure  3-  BO;  based  upon  the  variable  intercorrelation
matrix  between  species  means  for  original  data)  and  cor-

relations data  corrected  for  body  mass  (Fig.  3-  BCM;  vari-
able intercorrelation  matrix  between  species  means  for

body  mass  adjusted  data).  Units  of  correlated  variables
were  taken  into  account,  when  they  agglomerated  at  the
uppennost  quartile  (r  ̂ >  0.924)  in  the  original  dataset  and
reappeared  in  the  size  corrected  dataset  again.  E-units  are
stable  clusters  with  topological  identity  of  variable  posi-

tions in  both  the  R-cluster  analyses  of  original  data  and
the  body  mass  corrected  data  set.  S-units  are  less  stable
units  built  of  identical  variables  but  with  topological  dif-

ferences between  analyses  of  original  and  size  corrected
variables.

3.  RESULTS

The  most  obvious  findings  are  on  the  one  hand  the  sig-
nificantly high  degree  of  body  mass  correlation  of  all  in-

dividual variables  (Fig.  1 )  and  on  the  other  hand  the  ro-
bustness of  several  covarying  variable  units  found  in  both

the  original  and  the  "residual"  data  set,  adjusted  for  body
mass  (Fig.  2).
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Fig.  1.   Dependence  of  42  skeletal  characters  on  body  mass  as  shown  by  coefficients  of  detennination.
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Fig.  2.  Comparison  of  variance  profiles.  Variance  of  original  characters  (BO)  occur  in  the  upper  line  and  residuals  for  characters
corrected  for  body  mass  (BCM)  at  the  bottom.

0.696 0,772 0.848 0,594 0.391 0.188

Figs  3.  Single  linkage  R-cluster  analysis  of  original  data  (BO;  left)  and  of  body  mass  coiTCCted  data  (BCM;  right).  Black  squares
indicate  measures  of  the  pectoral  girdle  and  forelimbs,  black  triangles  mark  skull  measurements  and  open  circles  measures  of  the
pelvic  girdle  and  hindlimbs.  Clusters  are  explained  in  the  text.
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3.1.  Influence  of  body  mass  on  individual  variables

All  42  variables  are  correlated  with  body  mass  at  a  high
significance  level  (p<  0.001)  as  revealed  by  random  boot-

strap procedures.  The  degree  of  correlation  with  "size",
measured  by  coefficients  of  determination  (COD)  between
(log  transformed)  original  data  of  species  means  and  body
mass,  is  highest  in  coracoid  length  (variable  number  35;
COD=0,9r),  post  orbital  length  (12;  0,90)  and  equal  at
COD=  0,89  in  tibiotarsus  width  (27),  total  skull  length  ( 1 6)
and  synsacrum  length  (21).  The  largest  amount  of  body
mass  independence  exhibit  carpometacarpus  (41 )  and  ul-

na lengths  (39;  COD=  0,34  and  0,47)  as  well  as  tar-
sometatarsus  length  (No  28)  and  width  (29;  COD=  0,70,
resp.  0,67)  and  proximal  end  width  of  the  humerus  (38;
COD=  0,71).  Skull  variables  in  general  reveal  the  high-

est correlation  with  body  mass,  hindlimb  and  forelimb
variables  indicate  a  larger  variation  in  their  correlation
with  body  mass.

A  comparison  of  variance  profiles  of  original  and  size  cor-
rected skeletal  variables  (Fig.  2)  confirms  and  strength-

ens these  findings:  The  relatively  higher  variances  in  the
original  variables  appear  smoothened  in  the  size  correct-

ed residuals  (BCM;  bottom  line  in  fig.  2),  indicating  that
the  largest  amount  of  total  variance  between  species  is  due
to  a  "size  factor",  measurable  by  body  mass.  This  espe-

cially holds  true  for  skull  variables  (skeletal  variables
1-20)  and  less  for  hindlimb  and  forelimb  measures  (skele-

tal variables  24-29,  37-42).

3.2.  Influence  of  body  mass  on  united  variables

The  single  linkage  cluster  analysis  of  original  data  (Fig.
3)  extracted  two  main  units  fused  at  a  high  level,  several
disintegrated  variables  and  one  isolated  variable  set  (El ).
The  module  BOC  1  is  composed  of  the  variables  of  the
flying  apparatus,  mainly  its  "engine-supporting"  part,  in-

cluding measures  of  sternum,  coracoid  and  scapula.  Wing
measures  that  represent  "flight  performance"  are  highly
disintegrated,  only  humerus  length  (37)  and  carpometacar-

pus width  (42)  are  included.  The  second  main  module
BOC  2  combines  skull  and  hindlimb  measures.

The  two  main  modules  BOC  1  and  BOC  2  are  composed
of  two  different  types  of  subsets:  Robustness  is  observed
in  nine  smaller  units  (E1-E9),  where  only  two  to  three
variables  are  coupled.  Similar  structure  is  maintained  af-

ter correction  for  size  in  four  units  (S1-S4),  including  three
to  17  variables  as  well  as  including  several  of  the  stable
units  (E4-E9).  Whereas,  for  example,  femur  length  (24)
and  tibiotarsus  length  (26)  are  next  neighbours  in  the  S4
cluster  in  BO,  in  BCM  tibiotarus  length  (26)  and  tar-
sometatarsus  length  (28)  are  agglomerated  at  the  highest

level.  The  larger  SI  and  S2  units  also  include  some  of  the
smaller,  topologically  stable  E  units:  E4—E6  always  oc-

cur within  SI,  E8-E9  within  S3,  S4  is  always  part  of  SI .

BOCs  identified  in  the  R-cluster  analysis  of  original  da-
ta are  to  a  great  extent  also  found  in  the  analysis  of  body

mass  corrected  data  (Fig.  3).  Again  in  the  body  mass  cor-
rected data  analysis,  a  main  cluster  composed  of  engine-

supporting  variables  from  the  flight  complex  (S2  in  BOCl,
fig.  3)  opposes  a  main  cluster  structured  by  a  mixture  of
skeletal  elements  of  the  feeding  and  hind  limb  locomo-

tion apparatus  characters.  The  main  differences  to  the  orig-
inal data  analysis  are  the  rather  low  agglomerative  level

(coefficients  of  determination  in  the  "size-corrected"
dataset  being  two  to  three  times  lower  than  in  the  origi-

nal dataset),  reduction  of  the  involved  variable  units  and
some  changes  in  variable  topology.  B0C2,  that  was  com-

posed of  SI  (including  S4),  S3,  E2,  E3  and  E7  in  the  orig-
inal dataset,  comprises  in  the  size  corrected  data  set  only

SI  (including  S4)  and  E3,  the  remaining  components  -
units  S3,  E2  and  E7  -  are  clustered  at  lower  agglomera-
fion  levels.

Subcluster  SI  differs  in  its  hierarchical  structure  of  ag-
glomeration levels  of  E  units  and  arrangement  of  variables

within  S  clusters.  In  S2  sternum  length  (30),  keel  length
(32)  and  keel  depth  (31)  are  differently  arranged,  in  S3
post  orbital  length  (12),  and  within  S4  femur-,  tibiotarsus
and  tarsometatarsus  lengths  (24,  26,  28)  changed  their  po-
sidon  along  branches.

In  both  illustrations  of  single  linkage  R-cluster  analyses
(Fig.  3),  El  shows  up  as  a  more  or  less  disintegrated  unit.
It  consists  of  measures  of  ulna  (39)  and  carpometacarpus
lengths  (41),  which  are  fied  together  at  a  relatively  high
agglomeration  level,  especially  in  the  analysis  of  "size-
corrected"  data,  in  which  both  measures  are  combined
with  carpometacarpus  width  (42).

4.  DISCUSSION

4.1.  Size  and  morphological  integration

Do  these  results  confirm  or  contradict  our  predictions  and
expectations  of  hypotheses  on  morphological  integration?
Corroborating  our  first  assumption,  a  general  body  mass
dependence  was  identified  at  a  high  significance  level  for
all  individual  characters  within  all  three  classical  fianction-
al  complexes.  "Size"  could  thus  be  confirmed  as  a  strong
integrative  force  in  cardueline  and  fringilline  skeletal  mor-

phology. Variability  was,  as  assumed  in  our  second  hy-
pothesis, relying  to  a  greater  extent  on  body  mass  in  skull

and  beak  measurements  than  in  characters  allied  to  the  oth-
er functional  complexes.  Elimination  of  "size",  decoupled.
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Table  1.  List  of  species  under  study,  their  body  masses  and  information  sources.  Sources:  DU=  Dunning  1993:  RE=
labels  of  specimens  at  ZFMK,  Bonn;  R0=  McLean  1988;  WA=  Ward  2003.
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as  predicted  in  the  third  assumption,  several  units  of  cor-
related variables.  Nevertheless,  contradicting  our  expec-
tations, displacement  of  variables  from  units  or  units  from

larger  modules  was  low  and  robustness  of  units  strong.
Body  mass  (size)  itself  in  our  sample  thus  influenced  the
quantity  rather  than  the  quality  of  morphological  integra-

tion and  did  not  affect  the  key  feature  in  fringilline/car-
dueline  skeletal  morphology  -  coevolution  of  skull  and
hindlimb  variables.

According  to  classical  hypotheses  on  morphological  in-
tegration, "size"  is  the  uppermost  integrative  level,  at  deep-

er agglomerative  levels,  traits  covary  due  to  developmen-
tal or  functional  associations  and  at  still  deeper  levels  due

to  spatial  adjacency  (Chernoff  &  Magwene  1999)  re-
spectively morphological  neighborhood  (Alpatov  &

Boschko-Stepanenko  1928).  Indeed,  in  our  study,  re-
moval of  the  first  hierarchical  layer  "size",  mostly  effect-

ed the  degree  of  morphological  integration,  measurable  as
agglomeration  level  of  character  units.  Structure  and  re-

lation of  character  compositions  however  remained  to  a
great  extent  constant  and  robust.  For  variable  units  at  the
body  mass  reduced  level,  three  types  of  trait  con-elations
are  identifiable:  S-modules  are  subunits  agglomerated  at
higher  integrative  levels  within  BOCl  and  B0C2,  the  orig-

inal, not  body  mass  reduced,  modules.  E-modules  that  are
not  composed  of  characters  from  immediate  morpholog-

ical neighborhood  or  partial  overlap  (E4,  E5,  E9)  can  be
assigned  to  two  categories:  Classical  functional  units  (E2,
E3,  E6  and  E7)  are  with  one  exception  (E7)  fused  at  low-

er agglomerative  levels  (below  0.6  COD)  than  the  units
of  biological  roles  El  and  E8  (above  0.8  COD).  Our  find-

ings thus  corroborate  the  integrative  hypotheses  quoted
above,  that  anatomical  association  is  a  primary  integra-

tive level  in  morphology.

4.2.  Interpretation  of  the  observed  character  mod-
ules

Eble  (2005)  classifies  four  different  kinds  of  modules  in
morphology:

1 .  modules  due  to  structural  relations,
2.  modules  of  pleiotropic  genotype-phenotype  mappings,
3.  developmental  units  (gene  expressions,  domains  of  epi-

genetic  dynamics,  regions  with  localized  allometric
growth)  and

4.  functional  units.

We  would  like  to  extend  the  definition  of  the  last  catego-
ry by  modules  accomplishing  common  biological  roles

(Nemeschkal  et  al.  1992)  and  thus  differentiate  between

4. a.  mechanical  functioning  (like  kinetics)  and
4.b.  biological  functioning  (like  morphological  traits  used
in  e.  g.  feeding).

Units  E4  (postorbital  width  and  intemasal  width,  9,  10),
E5  (skull  width  and  interorbital  maximal  width,  6,  7)  and
E9  (premaxilla  length  and  total  skull  length,  11,  16)  may
be  explained  by  their  immediate  morphological  neighbour-

hood and  /or  partial  overlap  ("rule  of  neighbourhood",  Al-
patov &  Boschko-Stepanenko  1928;  structural  relations

Eble  2005).  Most  of  the  other  results  allow  for  mechan-
ical functional  explanadons,  few  for  explanafions  of  their

biological  roles.  E2  is  composed  of  two  skull  characters
(caudal  length  of  the  mandible  and  quadratojugal  length,
3,  13)  and  a  pelvis  measure  (synsacrum  distal  length,  23).
Whereas  the  first  two  skull  variables  are  functional  coun-

terparts and  act  in  seed  husking,  their  -also  body  mass  in-
dependent- correlation  with  a  synsacrum  length  measure

comes  unawares.  E3  combines  two  mandible  depths  (4,
5)  with  quadratum  length  (19),  characters  functioning  in
the  kinetism  of  the  avian  skull,  especially  in  lateral  bill
movements  enhancing  seed  husking  (NuuENS  &  Zweers
1997).  Also  units  E6  (skull  height  and  premaxilla  depth,
15,  20)  and  E7  (femur  and  tibiotarsus  width,  25,  27)  are
easier  to  explain  by  constructional  constraints  than  bio-

logical roles.  E6  depicts  the  interdependence  of  skull  and
beak  height,  E7  that  of  leg  diameters,  in  ES.Only  units  El
and  E8  where  measures  of  the  flying  apparatus  (car-
pometacarpus  (41 )  and  ulna  lengths  (39))  respectively  bill
tip  are  tied  together  (length  of  pars  symphysialis  ( 1 )  with
dentary  length  of  the  mandible  (2))  allow  for  an  interpre-

tation of  biological  roles:  The  first  unit  comprises  the
feather-carrying  bones  of  the  wing,  responsible  for  ma-
noevrability  in  flight  per  se.  Unit  E8  represents  "the  bill
tip  grasp",  a  feeding  tool  well  developed  in  carduelid
finches  (Nemeschkal  et  al.  1992).

S4  with  the  lengths  of  femur  (24),  tibiotarsus  (26)  and  tar-
sometatarsus  (28)  obviously  reflects  a  character  pattern  of
concerting  limb  dimensions  as  guided  by  developmental
processes  during  ontogeny  (Nemeschkal  1999).

Comparison  of  interspecific  correlation  patterns
(macroevolutionary  pattern,  this  study  Fig.  3)  with  infra-
specific  analyses  of  variable  correlations  (microevolution-
ai7  level,  Nemeschkal  &  van  den  Elzen  1994,  fig.  7)  re-

veal that  six  modules  (E3,  E4,  E5,  E7,  E8  and  E9  of  this
study)  correspond  to  units  also  found  within  carduelid
finches  and  three  modules  (E5,  E7  and  E9)  even  to  units
occurring  within  the  phylogenetically  distant  pigeons.  At
the  microevolutionary  level  NEMESCtiKAL  et  al.  (1992)  pro-

vided evidence  for  clade  specificity  of  variable  units  (mod-
ules) and  their  correspondence  to  expressions  of  develop-

mental control  genes  (Nemeschkal  1999).  Morphologi-
cal modularity  might  generally  be  seen  as  product  of  de-

velopmental modularity,  because  morphological  patterns
of  organization  emerge  in  ontogeny  (Eble  2005).  Conse-

quently, each  of  the  extracted  variable  complexes  might
additionally  also  correspond  to  developmental  or  body
plan  modules.
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Table  2.  Skeletal  variables  under  study  and  their  coefficients  of  determination.  BO  represent  original  data,  BCM  resi-
duals for  the  body  mass  reduced  variables.

Skeletal   variables   Coeff.   of   determination

Skull  measures
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How  genes  and  developmental  pathways  co-operate  is  best
documented  for  the  avian  beak.  It  is  constructed  by  mul-

tiple facial  prominences  (Helms  et  al.  2005,  Helms  &
Brugmann  2007),  where  the  frontal  nasal  mass  (FNM),
lateral  nasal  prominences  (LNP),  and  maxillary  promi-

nences (MXP)  comprise  the  upper  beak  and  the  mandibu-
lar prominence  (MDP)  forms  the  lower  beak.  The  identi-
ties of  facial  prominences  are  specified  early  in  the  neu-

ral crest  stage  and  may  involve  homeobox  genes  such  as
Hox  (CouLY  et  al.  1998)  or  MSX  (Brown  et  al.  1997,  Wu
et  al.  2006).

In  metazoa,  at  least  1 7  signal  transduction  pathways  op-
erate to  activate  or  repress  different  genes  at  distinct  times

and  places  in  the  embryo.  Five  predominate  in  early  em-
bryonic development:  the  Wnt,  TGF-beta,  Hedgehog,

RTK,  and  Notch  pathways.  Five  more  are  used  in  late  de-
velopment, and  seven  more  in  the  functions  of  differen-

tiated cells  (Gerhart  1999).

Diversity  in  beak  shapes  of  Galapagos  finches,  e.  g.,  is
known  to  originate  from  the  activity  of  a  morphogenetic
bone  protein  (BMP4  of  the  TGF-beta  family;  Abzhanov
et  al.  2004)  and  calmodulin,  a  protein  that  binds  and  trans-

ports calcium  ions  (CaM;  Abzhanov  et  al.  2006).  Where-
as BMP4  stimulated  growth  of  beaks  along  two  dimen-

sions, -  it  produced  deeper  and  wider  beaks  and  thus  ex-
plained the  linkage  in  the  variation  of  these  traits,  -  the

authors  found  CaM  as  regulator  of  beak  length.  Thus  in
Galapagos  finches,  beak  length  develops  independently
fi^om  width  and  depth  due  to  two  different  factors  that  lead
to  changes  in  growth  along  different  dimensions
(Abzhanov  et  al.  2006).  In  ducks,  chickens  and  cockatiels,
BMP4  is  also  differently  expressed  (Wu  et  al.  2004.  Wu
et  al.  2006).  At  late  stages  of  development,  chicken  and
duck  embryos  had  two  localized  growth  zones  in  the
FNM,  which  melted  in  the  chicken,  but  stayed  separated
in  the  duck.  Ducks,  moreover  exhibited  a  wider  FNM  and
more  activity  in  another  growth  factor  (fibroblast  growth
factor  8).  In  cockatiels  a  thicker  FNM  increased  in  a  dif-

ferent direction  and  the  mandibular  prominence  (MDP)
was  suppressed.  BMP4  was  involved  in  all  species  in  me-

diating activity  in  all  localized  growth  zones.  Experimen-
tal overexpression  in  BMP4  altered  beak  shapes  among

all  species  and  beak  curvation  was  induced  by  asymmet-
ric growth  activity  in  a  facial  prominence.  BMP4  was  al-
so found  to  be  responsible  for  regulating  a  homeobox

gene:  As  it  increased  the  expression  of  MSX  I,  the  authors
suggested  that  MSX  I  activity  is  regulated  by  the  BMP
pathway.

4.3.  Conclusions

Under  the  assumption  that  BMP4  is  a  main  regulator  for
the  expression  of  developmental  control  genes  in  the  avian

skeleton,  this  protein,  for  instance,  can  be  seen  as  a  key
growth  factor  accounting  for  size  and  shape  variation  in
our  skeletal  variables.  A  developmental  growth  factor  can
also  explain  the  strong  size  dependence  of  single  variables,
but  cannot  elucidate  the  interspecific  correlation  patterns
of  variable  units.  Thus  in  the  light  of  current  knowledge
on  gene  expression  variability  and  research  in  develop-

mental genetics  the  classical  view  on  moiphological  in-
tegration and  genesis  of  modularity  might  be  too  one-

sided.

Wagner  et  al.  (2007)  offer  a  broader  approach  to  modu-
larity. Summarizing  empirical  evidence,  they  discern  be-
tween two  levels:  The  elements  the  modules  consist  of  and

their  kinds  of  interaction.  Elements  vary  from  molecular
level  (nucleotides)  to  morphological  traits  and  their  con-

nections from  physical  to  dynamical  and  statistical.  They
define  three  kinds  of  modules:  Variational,  functional  and
developmental  modules,  but  stress  a  duality,  as  modules
may  belong  to  several  categories  at  the  same  time.  Units
observed  in  the  present  study  on  cardueline/fringilline
skeletal  variables  fall  in  the  category  of  variational  mod-

ules, as  their  measure  is  statistical.  For  the  intei-pretation
of  variational  modules  the  authors  offer  several  answers:
identical  developmental  origin,  similarity  of  covariation
and  gene  expression  territories,  and  pleiotropic  effects.  So
our  variable  units  (or  character  complexes;  Nemeschkal
et  al.  1992)  can  be  defined  not  only  as  a  duality  but  a  plu-

rality: according  to  their  operability  they  are  functional
modules,  according  to  their  mode  of  exploration  they  are
variational  modules,  and  according  to  their  genesis  devel-

opmental modules.

The  open  problem  is,  whether  modules  arise  through  the
action  of  natural  selection  or  because  of  biased  mutation-

al mechanisms  (Wagner  2007).  Both  neutral  models  and
models  based  on  natural  selection  are  offered:  e.  g.  Lynch
(2007)  favors  the  neutral  model  and  stated  that  "...  emer-

gent biological  features  such  as  complexity,  modularity,
and  evolvability,  all  of  which  are  current  targets  of  con-

siderable speculation,  may  be  nothing  more  than  indirect
by-products  of  processes  operating  at  lower  levels  of  or-

ganization." We  do  not  follow  the  author  in  refusing  nat-
ural selection  and  external  evolutionary  forces,  but  as-

sume, that  selection  via  fitness  promotes  certain  pheno-
types  derived  from  their  genetic  basis  and  processes  in  on-

togeny. Under  the  viewpoint  of  developmental  constraints
as  internal  evolutionary  forces,  we  like  to  generalize  the
findings  of  Wu  et  al.  (2004,  2006)  on  the  origin  of  beak
shape  in  birds.  The  authors  offer  a  more  reconciling  con-

clusion, that  morphological  diversity  may  be  achieved  by
modulating  prototypical  molecular  and  cellular  modules.
Transfomiing  growth  factors  may  mediate  the  range,  lev-

el, and  duration  of  locally  enhanced  growth,  thus  provid-
ing a  spectrum  of  morphological  designs  for  selection  (Wu
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et  al.  2006).  Also  Wagner  et  al.  (2007)  arrive  at  the  con-
clusion that  mutational  processes  (internal  processes)  fa-

vor the  origin  of  modularity  and  selection  pressures  (ex-
ternal processes)  reinforce  the  mutational  bias.
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Occurrence   of   the   Genus   Microscolex   (Oligochaeta,   Acanthodrilidae)
at   Western   Canary   Islands

José  A.  Talayera  &  Dolores  I.  Pérez
Faculty  of  Education  (Module  A),  University  of  La  Laguna,  Tenerife,  Canary  Islands,  Spain

Abstract.  Two  species  of  Microscolex  are  present  in  the  western  Canary  Islands:  M.  dubius  and  M.  phos-
phoreiis  (new  record  for  Hierroj.  The  latter  belongs  to  the  modern  fauna  of  the  Canaries  and  was  recently
introduced  by  man.  Both  species  prefer  to  live  at  the  basal  altitude  level,  mainly  in  the  highly  anthropized
band  between  50  and  300  m  a.s.l.  The  habitat  range  of  M.  phosphoreiis  is  rather  nanow  and  its  principal  nu-

cleus of  dispersion  are  tropical  fruit  plantations  (papaya,  avocados  and  bananas);  however,  M  dubius  is  mo-
re diversified,  its  range  is  wide,  even  reaching  into  the  native  Pimis  canariensis  and  laurel  forests  at  the  mon-

tane level.  Other  data  provide  evidence  that  the  greatest  number  of  specimens  and  locations  are  on  the  nort-
heast slopes  of  the  Canaries,  as  reflected  in  the  first  distribution  maps  of  each  of  the  islands.  The  biogeogra-

phical  affinities  with  Macaronesia  are  discussed,  along  with  the  probable  links  with  Latin  America  as  a  long-
standing (500  year-old)  source  for  importing  agricultural  and  ornamental  plants  into  the  Canaries.

Keywords.  Earthworms,  Acanthodrilidae,  Canaries,  habitats,  chorology.

1.   INTRODUCTION

The  taxonomy  and  distribution  of  the  Acanthodrilidae
have  been  under  study  for  a  long  time,  Beddard  (1895)
and  Michaelsen  (1900)  having  compiled  comprehensive
information  on  these  annelids  in  their  magnificent  scien-

tific works.  They  are  well  known  in  Australasia,  the
Neoarctic  and  Neotropical  regions,  where  they  are  spread
over  a  wide  range  of  both  anthropized  deforested  habitats
and  those  with  abundant  vegetation  (e.g.  tropical  forests).
The  family  is  increasing  in  numbers  and  distribution  area,
as  revealed  by  successive  biogeographical  records  and  de-

scriptions of  new  taxa  (Csuzdi  &  Szlávecz  2002;
Fragosos  1988;  Fragosos  &  Rec  Fernandez  1994;
Reynolds  &  Righi  1994;  Zicsi  &  Csuzdi  1991).

In  the  Canary  Islands,  few  acanthodrilids  have  been
recorded  in  the  literature  to  date.  Kraepelin  (1895)  cites
Microscolex  poulteni  (Beddard,  1892)  as  presumably
from  Tenerife  but  with  no  details.  Michaelsen  ( 1 900)  re-

ports Microscolex  dubius  (Fletcher,  1887)  and  Mi-
croscolex phosphoreus  (Duges,  1 837).  Later,  other  authors

merely  copied  them  literally  (Cognetti  de  Marths  1906;
Baldasseroni  1912).  More  recent  data  were  obtained  dur-

ing direct  field  surveys  performed  by  Bouché  (1973)  and
Talayera  (1992a),  in  particular  those  concerning  the  pres-

ence of  M.  dubius  in  banana  plantations  and  laurel  forest
in  Tenerife.  In  any  case,  the  taxonomy,  ecology  and  choro-

logy of  the  genus  Microscolex  Rosa,  1887  in  the  Canary
Islands  have  been  insufficiently  studied.  Therefore,  in  or-

der to  update  and  increase  the  data  we  have  sampled  a  to-
tal of  22  districts  and  reviewed  more  than  1550  specimens,

producing  original  iconography  and  the  first  species  dis-
tribution maps  for  each  island  (Tenerife,  La  Palma,

Gomera  and  Hierro).

2.   MATERIALAND   METHODS

Specimens  were  collected  mainly  by  qualitative  sampling
along  routes  of  up  to  one  Kilometre  in  length,  so  as  to  in-

clude a  wide  range  of  habitats  with  the  greatest  possible
species  diversity.  A  geologist's  hammer  was  used  for  dig-

ging and  specimens  were  picked  out  manually.  Less  fre-
quently, 0.04  %  fonnalin  was  poured  over  surface  areas

of  100  X  50  cm,  providing  complementary  data  on  spec-
imen abundance.  The  collected  earthworms  were  usually

transported  to  the  laboratory  inside  plastic  bags  along  with
one  Kilogramm  of  earth  (winter  time).  After  washing  to
remove  the  remaining  earth  they  were  submerged  in
70  %  alcohol,  introduced  into  glass  test-tubes  containing
10  %  fonnalin  and  left  for  four  days,  then  finally  con-

served in  75  %  alcohol.  On  very  warm  days  and  to  avoid
possible  over-drying  and  desiccation,  the  worms  were  pre-

pared and  conserved  "in  situ"  following  the  same  steps.
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