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S U M M A R Y  

VARVIO-AI-IO et al. (1984) incorrect ly  analyzed the i r  da ta  on  allozymes for  eight 
species of Eu ropean  yeUowjackets. Correct  analysis produces  50 t rees  of lower percent  
s t anda rd  deviat ion t han  the i r  Fi tch-Margoliash tree,  and  three  addi t ional  Wagner  trees 
of the  same length  as the i r  network.  Cons t ruc t ion  of consensus  trees shows the i r  da ta  
to  be  relatively un in fo rmat ive  on  re la t ionships  of these vespine species. Thei r  suggestion 
t h a t  Dolichovespula is not  monophyle t ic  canno t  be  upheld.  

R E S U M E  

Sur la ,c G6n6tique 6volutive des Gu~pes sociales- et la Phylog6nie des Vespinae 
(Hymenoptera : Vespidae} 

VARVIO-AHO et al. (1984) ont  fai t  une analyse incorrecte  de leurs  donndes sur  des 
allozymes de hu i t  esp~ces de gu~pes d 'Europe  du  Nor& Une analyse correcte  produi t  
c inquan te  a rbres  d 'une ddviation s t anda rd  d 'un  pourcen t  plus basse  que leur a rbre  de 
Fitch-Margoliash,  et  t rois  a rbres  de Wagner  suppldmenta i res  de m6me longueur  que leur 
rdseau. La cons t ruc t ion  des a rbres  de consensus  indique que leur  donndes ne sont  pas 
tr~s informat ives  sur  les parentds  des esp~ces de vespines.  Leur  suggestions que Dolieho- 
vespula ne fo rme  pas  u n  groupe monophy ld t ique  n ' es t  pas soutenable.  

I N T R O D U C T I O N  

VARVIOoAHo et al. (1984) p r e s e n t e d  a n  a l l o z y m e  d a t a  s e t  f o r  e i g h t  s p e c i e s  

o f  E u r o p e a n  y e l l o w j a c k e t s  : Dolichovespula media, norwegica, omissa, saxo- 
nica and sylvestris ,  Vespula (Vespula) austriaca a n d  rufa, a n d  Vespula (Para- 
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vespula) vulgaris. They used 38 prevalant  e lec t romorphs  f rom 13 isozymes 
in phylogenetic analysis. First they calculated a distance matr ix between the 
species using Nei's genetic distance, and clustered on this matr ix using 
tYPGMA, LI'S (1981) technique and the Fitch-Margoliash technique. They then 
recorded the e lec t romorph data into a binary data matr ix and used this to 
produce  a Wagner  network.  F rom their  results they suggested that  Dolicho- 
vespula and perhaps Vespula s.l. (i.e., Paravespula + Vespula) were not  
monophylet ic  groups. I will show here that  their conclusions rest upon 
faulty analysis, and that their data are too ambiguous  to be phylogenetically 
useful. Available character  data refute their  conclus ions ;  these are t reated 
in CARPENTER (1987). 

M E T H O D S  

All analyses were performed using the Physys system by J.S. FARRIS and M.F. 
MICKEVlCH, State University of New York at Stony Brook and Maryland Center for 
Systematic Entomology, as implemented on the VAX 11/780 computer running VMS at 
Harvard. Nei's distances were as presented in table IV of VARVIO-AHo et al. For the 
pairings of Dolichovespula ornissa with Vespula rufa and austriaca, which shared no 
alleles, the infinity value was replaced by the greatest distance found between any 
other species pair (a distance of 2.54 between D. saxonica and V. rufa). This was the 
procedure of VARVlO-AHO et al. (p. 379). For the presence-absence coding of electromorphs, 
the 38 electromorphs listed in their table III were treated as binary data, with unscored 
loci coded as missing. Reanalysis of these data is described below. 

R E S U L T S  

1. Distance analysis  

The first  three techniques applied by VARVIO-AHo et al. all produced 
the same tree (here reproduced as figure 1), which is unsurprising,  since they 
are all variat ions on UPGMA. UPGMA and LI'S method  do not  have an optima- 
lity cr i ter ion per se, but if it is desired to measure  how well the phenograms 
fit the original distance data, the cophenetic  correlat ion coefficient is used. 
VARVIO-AHO et al. provided nei ther  clustering levels nor  fit statistics for the 
phenograms.  They only stated (p. 384) that  the " root  of the UPGMA tree is 
a t  the distance D = 1.92". This,is a . m i s p r i n t ; t h e  basal  c lus te r ing  level is 
actually 1.829. I have recalculated the phenogram using the UPGMA routine 
of Physys, and indicate the clustering levels in figure 1. The cophenetic 
correlat ion is .826 as measured by the fit option. The Fitch-Margoliash 
technique does have an optimality c r i t e r i o n :  percent  s tandard  deviation 
(% SD). As it is usually done, one simply calculates a phenogram, then 
recalculates the branches so as to minimize the % SD statistic for the tree. 

VARVlO-AHO et al. used the p rogram Phylip (version 2.2) by J. FELSENSTEIN 
to calculate their  Fitch-Margoliash tree. This p rog ram presents  results as a 
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Fig. 1 . -  UPGMA p h e n o g r a m  for Nei's  d i s tance .  
Fig.  2. - -  Best - f i t t ing  Fi tch-Margol iash  tree.  
Fig. 3. - -  C o n s e n s u s  tree  of 24 best- f i t t ing D i s t a n c e  Wagner  trees .  
Fig. 4. - -  W a g n e r  n e t w o r k  for p r e s e n c e - a b s e n c e  c o d i n g  of  e l e c t r o m o r p h s .  
Fig. 5. - -  C o n s e n s u s  tree  of Wagner  trees .  

Fig. 1. - -  P h 6 n o g r a m m e  UPGMA h part ir  de  d i s t a n c e s  de Nei .  
Fig. 2. - -  Arbre  me i l l eur -a jus tant  de  Fi tch-Margol iash.  
Fig.  3. - -  Arbre  de c o n s e n s u s  de v ingt-quatre  arbres  me i l l eur -a jus tan t  de  Wagner .  
Fig. 4. - -  R 6 s e a u  de Wagner  ~t part ir  du  c o d e  de  p r 6 s e n c e - a b s e n c e  d '61ectromorphes .  
Fig.  5. - -  Arbre  de c o n s e n s u s  des  arbres  de  Wagner .  
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ne twork ,  and  indicates bo th  b r anch  lengths and  " average pe rcen t  s t andard  
deviat ion ",  bu t  VARVlO-AHo et  al. again provided  nei ther  cluster ing levels nor 
the fit  statist ic,  % SD value. I have calculated the best-f i t t ing Fitch-Mar- 
goliash t ree  wi th  the same  topology as theirs  (fig. 2) using the Psdopt  rou- 
t ine ;  its % S.D is 20.493. Note  tha t  there are two negative b ranch  lengths. 
VARVlO-AHo et  al. did not  c o m m e n t  on the un in te rpre tab i l i ty  of negative 
b ranch  lengths and  the p rob lems  these presen t  for  analysis of dis tance data  
(FARRIS, 1972, 1981, 1985, 1986). As is well known (FARRIS, 1981), negative 
b ranch  lengths are  of ten requi red  to opt imize % SD for  nonmet r i c  distances 
such as Nei 's.  Phylip 2.2's vers ion of the Fitch-Margoliash p rocedure  defaul ts  
to pe rmi t  only nonnegat ive  b ranch  lengths, and P. PAMILO (in litt.) s ta ted  that  
VARVlO-AHO et  al. did not  consider  negative branch  lengths. The % SD value 
they actual ly  obtained,  38.3 (P. PAMILO, in litt.), was therefore  not  close to 
op t imal  e i ther  for  these data  or  this topology. 

Be t te r  % SD values are  achieved with  the Distance Wagner  technique 
than  the Fitch-Margoliash procedure ,  p rovided  tha t  the b ranch  lengths in the 
Distance Wagner  analysis are selected so as to opt imize % SD (FARRIS, 1981). 
I n t e r  alia, this amoun t s  to pe rmi t t ing  negative b ranch  lengths. Bet te r  fit 
still m a y  be achieved if mul t ip le  t rees  are sought  (FARRIS, 1985). The Pwagner  
rout ine  of Physys was used to calculate Distance Wagne r  t rees  wi th  low 
% SD, wi th  the default  n u m b e r  of 50 trees calculated.  These range in % SD 
f r o m  17.726 to 25.666. All 50 trees fit be t t e r  than  the Fitch-Margoliash t ree 
of VARVIO-AHo et  al., and all h a v e  negative b ranch  lengths. Of the 50 trees, 
24 have lower  % SD t h a n  the best-fi t t ing t ree wi th  the same topology as that  
of VARVIO-AHO, ranging f r o m  17.726 to 20.282 (the cophenet ic  corre la t ion  on 
these t rees  ranges  f rom .917 to .888, be t t e r  than  e i ther  the UPGMA p h e n o g r a m  
or  the % SD opt imized  version of this tree). The best-f i t t ing t ree  differs f rom 
the second best-f i t t ing t ree by a value of .012. There is someth ing  like a gap 
(1.098) be tween  the th i rd  and  four th  best-fi t t ing trees, bu t  the only pro- 
nounced gap, 2.749, occurs  be tween the twenty-four th  and twenty-f if th best- 
f i t t ing trees. 

PRAGER and WILSON (1978) advocated  present ing in fo rmat ion  f r o m  multi- 
ple t rees  as a s implif ied (less resolved) tree, and  POST and UZZELL (1981) 
res t r ic ted  a t t en t ion  to mul t ip le  t rees  separa ted  f r o m  others  by a p ronounced  
gap in goodness-of-fit.  FARRIS et  al. (1982) and FARRIS (1985) used  consensus  
t rees  to indicate  the in format ion  on grouping c o m m o n  to mul t ip le  t rees  below 
a p ronounced  gap. The Adams consensus tree for  the  24 best-f i t t ing trees is 
shown as f igure  3. I t  has jus t  one informat ive  group (this is also the str ict  
consensus  tree).  The Adams consensus  and the s t r ic t  consensus  for  all 
50 t rees  are  also the same. They are comple te ly  unresolved.  The distance 
data are  so ambiguous  as to be vir tual ly worthless ,  a resul t  shared  wi th  
m a n y  o ther  dis tance data  sets (FARRIS, 1985 and pers.  comm.) .  

The unsui tabi l i ty  of Nei 's  distances for  analysis by b r anch  length fi t t ing 
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is well  k n o w n  (FARRIS, 1981, 1985, 1986), bu t  dese rves  f u r t h e r  commen t .  
This dis tance is n o n m e t r i c ,  which  obviates  any in te rp re ta t ion  of clocklike 
divergence (FARRIS, 1981), and  for  these data,  the depa r tu re  f r o m  met r ic i ty  
is marked .  When the Mtest  rout ine  of Physys was used  to tes t  for  violat ions 
of the t r iangle  inequality,  18 were  found,  out  of  56 possible  tr iplets .  Non- 
me t r i c  dis tances  cannot  be  in te rp re ted  as a m o u n t  of evolu t ionary  change 
when  analyzed by b r anch  length f i t t ing (FARRIS, 1981), nor  even as the sta- 
t ist ical  expecta t ion  of am oun t  of change (FARRIS, 1985, 1986), and  so it is un- 
known  wha t  these  distances represent .  Restr ic t ion of analysis  to only t rees  
wi th  nonnegat ive  b ranch  lengths is therefore  comple te ly  unjust i f ied,  and 
this is par t i cu la r ly  t rue of trees tha t  f i t  an u l t r ame t r i c  to the distances,  as 
in UPGMA. This was done by VARVIO-AHO et al. because  they a s sumed  a 
molecu la r  clock for  Nei 's  distances (p. 376), bu t  since nonme t r i c  dis tances 
cannot  be  t ru ly  clocklike (FARRIS, 1981, 1985, 1986), it sacrifices fi t  fo r  nothing. 
I f  dis tances  are  to be  used  in phylogenet ic  analysis,  as when  no o the r  data  
are  available,  they should be  p roper ly  analyzed. Tha t  is, phene t ic  techniques  
should  not  be  used, because  tha t  amoun t s  to forcing a clocklike in te rpre ta t ion  
even when  the da ta  do not  suppor t  it. But  use  of  dis tances when  o the r  data  
are  available,  as is t rue  of  Nei 's  dis tance where  the o r ig ina l  e l ec t romorphs  
m a y  be analyzed as characters ,  is a mis take .  I t  discards in fo rma t ion  p resen t  
in the original  cha rac t e r  data.  Nei 's dis tance should be  a b a n d o n e d .  

2. Wagner analysis 

VARVIO-AHO et al. also used  Phylip to calculate  the i r  Wagner  ne twork .  
I t  d i f fered  f r o m  the phenograms  only in the relat ive re la t ionships  of 
Dolichovespula norwegica, omissa and saxonica. Phylip is relat ively deficient  
for  Wagner  analysis  (LucKow and PIMENTEL, 1985). Aside f r o m  poo re r  perfor-  
mance  of the Phylip Wagner  p rocedure  than  tha t  of  o the r  widely available 
Wagner  p r o g r a m s  (LUCKOW and PIMENTEL, 1985), the ou tpu t  of  vers ion 2.2 
consists  only of a ne twork ,  total  length, and  the n u m b e r  of  changes  in each 
charac ter .  Branch  lengths are  not  p r o v i d e d ;  the user  m u s t  es t imate  these 
by  hand.  VARVlO-AHo et al. (p. 381) discussed es t imat ion  of the b r a n c h  lengths,  
bu t  did not  indicate  the resul ts  of thei r  calculat ion nor  give the to ta l  length 
Of the ne twork .  The ass ignment  of cha rac t e r  s ta tes  and  es t imat ion  of b ranch  
lengths a re  ambiguous  for  these data. I have calculated a set  of values for  
the i r  topology wi th  the Diagnose rout ine,  and p resen t  the  resul t  here  as 
figure 4, using med ia  as reference  point .  As m e a s u r e d  by  LFIT,  the length 
is 50, wi th  consis tency of .76. 

The XWAGNER rout ine  of Physys was used  to p e r f o r m  an  exact  solution 
via a b r a n c h  and  bound  a lgor i thm for  all mos t  pa r s imonious  trees.  There  
a re  four  dis t inct  t rees for  these data, all of length 50, consis tency .76. 
VARVIO-AHo et at. thus found only one of the Wagner  t rees  for  the i r  data. 
Figure 5 is the consensus t ree  (both ADAMS and NELSON) fo r  all the possible  
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Wagner  trees. The data  are  a m b i g u o u s :  only th ree  in format ive  groups  are  
present .  

D I S C U S S I O N  

VARVIO-AHo et al. s ta ted  (p. 383) " the  var ious phylogeny-generat ing techni- 
ques gave congruen t  resul ts"  and " there  are  some evident  pa t t e rn s  which  we 
can discuss rel iably ". As shown above, ne i ther  c la im is correct .  Ins tead,  
for  the dis tances  no clear  pa t t e rns  of any kind are  s h o w n :  these da ta  are 
so ambiguous  as to be vir tual ly uninformat ive .  The presence-absence  da ta  
are also ambiguous ,  and to the extent  tha t  they show any pa t te rn ,  the resul ts  
of the var ious  techniques are not congruent  wi th  each other.  

VARVIO-AHo et al. s ta ted  (p. 383) " The observed  genetic he terogenei ty  
wi th in  Dolichovespula, caused by  D. media, indicates  tha t  this group may  
not  be  monophyle t i c  but  consists of those yel lowjackets  which  have  re ta ined  
prec lude  monophyly .  But  to the extent  tha t  this suggest ion is consis tent  wi th  
analysis  of the i r  presence-absence da ta  falling to show Dolichovespula as a 
some pr imi t ive  charac te rs" .  Of course p les iomorphy  in any  given fea ture  in 
itself does not  prec lude  monophyly .  But  to the extent  tha t  this suggest ion is 
consis tent  wi th  analysis of thei r  presence-absence da ta  falling to show Doli- 
chovespula as a group (cf. fig. 4), it is not  suppor t ed  by  the o the r  possible  
t rees  for  these data.  The basal  mul t i furca t ion  in the consensus  t ree (fig. 5) is 
not  inconsis tent  wi th  monophyly  of Dolichovespula. I t  is s imply  un informa-  
tive abou t  this. Fur ther ,  morphologica l  and behaviora l  da ta  are available 
which  s t rongly  uphold  the monophyly  of Dolochovespula. CARPENTER (1987), 
in the f i rs t  comprehens ive  cladistic analysis of the vespine subgenera ,  cites 
no f ewer  than  12 au tapomorph ies  of this genus. 

VARVlO-AHo et al. cla imed (p. 384) " One i m p o r t a n t  conclusion f rom 
our  genetic s tudies is that  the two social paras i tes  examined  or iginate  f rom 
the same evolut ionary  lineages as their  hosts.  This renders  baseless  those 
taxonomic  subdivisions which separa te  the paras i t ic  species into (sub) genera  
di f ferent  f r o m  their  hosts  ".  Although austriaca and rufa clus tered  together ,  
and  omissa clus tered  near  (not with) its host  sylvestris, the t axonomic  c la im 
is illogical. These paras i tes  were  separa ted  categorical ly f r o m  their  hosts  
because  of the i r  differences f rom the hosts,  which would still exist regardless  
of the lineages the paras i tes  or iginated f rom.  These di f ferences  are  auta- 
pomorphies (CARPENTER, 1987) associa ted wi th  paras i t i sm,  and  the separa t ion  
is the re fo re  cer ta inly fallacious, bu t  on the grounds  tha t  it renders  the 
categories  of the hosts  paraphylet ic .  

P roponen ts  of  the molecu la r  clock, such as VARVI0-AHO et al., like to 
c la im tha t  the i r  app roach  is super ior  because  (p. 376) " I f  the charac te rs  
used  to cons t ruc t  the phylogeny are subjec t  to select ion pressures ,  the conclu- 
sions will be  biased because  of e i ther  convergent  or  d ivergent  evolution " 
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This  can  o n l y  m e a n  tha t  h o m o p l a s y  wil l  m i s l e a d  inves t iga to r s  u s i n g  the  phylo- 
gene t ic  c r i t e r i o n  of p a r s i m o n y ,  b u t  as FARRIS (1983) p o i n t s  out ,  a b u n d a n c e  
of h o m o p l a s y  in  i t se l f  is no  g r o u n d s  for  a d o p t i n g  some  o t h e r  a pp r oa c h .  The 
c i ted  c l a im a lso  impl i e s  tha t  se lec t ion  in  fact  wil l  cause  r e su l t s  to be  mis-  
leading ,  w h i c h  can  scarce ly  be t rue  genera l ly .  Advocacy of the  m o l e c u l a r  
c lock c o m p r i s e s  some  fu r the r ,  u n s t a t e d  c la ims,  n a m e l y  t ha t  e vo l u t i on  a t  the  
b i o c h e m i c a l  level  has  in  fact  p r o c e e d e d  only  h o m o g e n e o u s l y ,  w h i c h  is false 
as s h o w n  for  examp le  by  the  da ta  d i scussed  in  this  p a p e r  (see FARRIS, 1981, 
1985 for  c i t a t i ons  of a d d i t i o n a l  da ta  sets  show i ng  he te rogene i ty ) ,  a n d  tha t  
h e t e r o g e n e i t y  cou ld  neve r  be  b r o u g h t  a b o u t  in  the  a bse nc e  of se lec t ion ,  w h i c h  
also c a n n o t  be  t rue .  I n  th is  case, a d o p t i o n  of the  m o l e c u l a r  c lock led 
VARVIO-AHO et  al. i n to  spec ious  resu l t s .  I t  is to the  c red i t  of  phy logene t i c  
m e t h o d s  t h a t  the  w e a k n e s s e s  of a p r io r i  a s s u m p t i o n s  m a y  be  c lear ly  seen  - 
they  m a y  be  c o n t r a d i c t e d  b y  the  da t a  w h i c h  h a d  s e e m e d  to c o r r o b o r a t e  
t hem,  w h e n  these  da ta  a re  ana tyzed  w i t h o u t  the  u n r e a l i s t i c  a s s u m p t i o n s .  
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