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Lophophorate Phylogeny 

Tour new gene sequences presented in 
the report by Kenneth M. Halanych et ah 
(1) reinforce earlier conjectures {2-5) that 
the lophophorates (brachiopods, ecto-
procts, and phoronids), long thought to 
lie either close to or within the deuter-
ostomes (6, 7), cluster with other proto-
stomes. Although largely neglected by 
mainstream zoology, such a conclusion ac
tually has a long pedigree (8, 9). While 
we agree that evidence from a nuclear-
encoded small subunit (SSU) ribosomal 
RNA gene sequence strongly supports 
the association of lophophorates with 
protostomes, the proposed phylogeny (1) 
and its expression in a new taxonomic 
category, the "Lophotrochozoa" (1) are 
open to at least four criticisms: (i) prema
ture introduction of a new taxonomic cat
egory, (ii) the need for a more cautious 
interpretation of ectoproct molecular phy
logeny, (iii) the incongruence of the pro
posed phylogeny with paleontological 
data, and (iv) questions about sequence 
reliability. 

1) For anyone attempting to recon
struct a phylum-level phylogeny from an 
alignment of the many currently available 
protostome SSU sequences {10), a cau
tious approach is advisable. Caution is also 
necessary when choosing an outgroup. As 
no unambiguous evidence yet identifies 
the sister group (or groups) of protostome 
phyla collectively or individually, it is 
probably premature to root phylum-level 
trees, especially with distant taxa (as 
Halanych et al. have done). Because the 
role of molecular phylogenies as a prime 
basis for animal classification is controver
sial, and because the complex relationship 
between molecular phylogenies and taxo
nomic practice is still evolving {11), major 
taxonomic changes should not be pro
posed on the basis of a single gene se
quence; congruent evidence from multi
ple, independent genealogical sources is 
needed. 

2) The ectoproct bryozoa are a highly 
diverse phylum {12, 13), yet their phylo-
genetic relationships have been inferred 
from the SSU sequence of a single species, 
Plumatella repens (1). However, the class 
to which Plumatella belongs is not typical 
of the phylum {14), and the wide range of 
extant ectoproct diversity is not reflected 
in available sequences, one of which {15) 
has unusual apomorphies and might not be 
representative. No decision about the phy-
logenetic relationships of the whole phy
lum is yet firm enough to justify its place 
in a new taxonomic category (1). 

3) Excluding some highly questionable 

Cambrian examples {16), the first con
vincing ectoprocts are Ordovician {17). 
Moreover, all known ectoprocts are colo
nial; possible solitary forms are not recog
nized in the fossil record until well after 
the first appearance of colonies {18), post
dating by perhaps 50 million years the 
Lower Cambrian appearance of brachio
pods, annelids (polychaetes), and mol-
lusks. Thus, a phylogeny (1) that places 
the origin of ectoprocts basal to the origins 
of these phyla is inconsistent with present 
knowledge of the fossil record. As it is 
unlikely that fossils of hard-bodied, Lower 
Cambrian ectoprocts have been over
looked, such a phylogeny (1) predicts that 
ancestral ectoprocts were soft-bodied. 
There is currently no evidence from Cam
brian faunas such as the Burgess Shale that 
such forms existed, although the possibil
ity cannot be dismissed. This incongru
ence between paleontological and molec
ular evidence emphasizes the need for a 
cautious approach to the use of molecular 
phylogenies in classification. 

4) When we compared the four new 
lophophorate SSU sequences (1) with ho
mologous sequences from many other pro
tostomes, including another phoronid 
(GenBank accession number U36271) and 
another inarticulate brachiopod (GenBank 
accession number X81631) {15 and 19, re
spectively), we found that nucleotides were 
missing at several sites that are otherwise 
completely or almost completely conserved 
{20). The Glottidia sequence (GenBank ac
cession number U12647) also had an un
usual deletion affecting only one strand of a 
helical stem region, whose general form is 
also widely conserved {21-23). These re
sults call into question the reliability of the 
data in, and the conclusions of, the report 
by Halanych et al. 

The ultimate value of molecular biolo
gy in understanding early metazoan evolu
tion is not in dispute, but without data 
from a sufficiently wide range of genes and 
species and from other data sources such as 
the fossil record {24, 25), progress may be 
delayed or diverted. Paleontological infor
mation can throw light on apparent in
consistencies in a phylogeny or, alterna
tively, reveal intermediate states between 
what we choose to call phyla {24). For 
example, the fossil record may display un
expected, phylogenetically informative 
combinations of character states directly 
relevant to the evolution of lophophor
ates; in particular, the "shells" and precur
sors of the setae in halkieriids suggest a 
more direct connection between this 
group and brachiopods {25). 
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Response: T h e  purpose of our report ( 1 )  was 
to determine the  phylogenetic placement of 
the Lophophorata. Specifically, we wanted 
to know whether lophophorates are proto- 
stomes, deuterostomes, or an  independent 
lineage of metazoan evolution. Con\\-ay 
Morris et al,  agree 1~1 th  our major conclu- 
sion that the  Lophophorata are a part of the  
protostolne radiation. Howe~.er ,  they do  
raise some specific issues about our report. 

T o  emphasize our major conch~sion, we 
declded to define the node-based name Lo- 
p11otrocho;oa as the last cornnlon ancestor 
of the  lophophorate taxa ( that  is, hryozo- 
a m ,  lxachiopods, and phoronids), mollusks, 
annel~ils,  and all of the  descenidants of that 
colnlllon ancestor. T h e  utility of noile- 
based names h,is been thoroughly idisc~issed 
( 2 )  and is aJvocated 13y systematists who 
believe that biological taxonomy shoulii be 
I~ased directly o n  evolutionary histor7-. T h e  
naming of this clade is not  premature be- 
cause the  1 8 s  data provlile the  strongest 
evidence to date for the placeluel~t of the  
lophophorates and, as pointed out by Con-  
niay- Lllorris et al., paleol~tological ( 3 )  and 
morpl~olog~cal  (reviewed in 4) evidence 
supports this clade. 

Conway blorrls et al. ~luest ion our 
choice of taxa a.ith regard to  outgroup and 
the  P r y o z o a ~ ~  representative. Because Lve 
were analyzing the  placement of lo- 
phophorates lvithill triploblast metazoans, 
iliplohlast metazoans are the  most appro- 
priate outgroup. T h e  use of the  protostome 
sister-taxon as the  outgroup would only be 
useful for a study that  focuseil solely o n  
protostolne taxa. W e  chose the  111ost 
closely relateid outgroup taxa whose place- 
ment  o~itsiile the  study group (triploblast 
metazoans) co~ i ld  be considered unambig- 
uous. T h e  resulting rooting of protostomes 
and dueterostomes would appear not  to  he 
controversial. Concerning the  choice of a 
bryozoan, the  issue of hryozoan diversity 
shoulci be kept separate troll1 that  of b r p  
loall monophyly. Furthermore, the  pres- 
ence of morpholog~cal  diversity wlthin a 
talion is no t  sufficient grounils for assum- 

ing genetic d i ~ e r s i t y  ( in  this case 1SS ri- 
bosonlal ( r D N A )  diversit!.), or vice versa. 
T h e  1 8 s  r D N A  data for two of the  three 
recognized bryozoan classes ( t h e  phylacto- 
laemate Pl~imatel la repens and the  gymno- 
laemate Alcyonlduin g e l a t l ~ ~ o s u m )  have 
been exa~nilled in  11ldepe11;ient studies 
(our reDort and 5 )  which reach s im~la r  
conclusions about the  evolutionary rela- 
tionships of Bryozoa. Given  these congru- 
en t  results, we are i ~ ~ c l i l l e d  to follo~v the  
data,  rather than  hv~o thes ize  that  two , & 

bryozoan sequences fi-orn different classes 
are "not typical" and yet yleld s~rnilar 
results. 

Althoueh the  placement of the  bwozoan - 
in our original report is suggested to he 
inconsistent with paleontological evidence, 
other reports by Con~vay  Morris (3) sho~v  
that our results agree well wt11 the  fossil 
record. T h e  fact that a solitarv, soft-bodied. , , 
ancestral bryozoan fossil has not  been dis- 
co\-ered is not unexvected plr7en the incorn- " 
pleteness of the fossil record. 

T h e  most serious issue raised by Con~vay  
blorris et al. is that of data reliability and its 
effect o n  our conch~sions. T h e  presence of 
indels in collserved regions of the  185 
rDNA does occur across metazoan taxa (6) .  
Since our publ~cation, we have reexaluilled 
our res111ts and ha\-e found a fen. minor 
errors in some of our sequences (7 ) .  T h e  
GellBallk submissions have bee11 appropri- 
ately upilated. Also, Conway Morris et al. 
byere correct in poillti~lg out the mistake in 
the  Glottidia helical sten1 region. However, 
this region is not conserveil across triplo- 
blast me tazoa~~s ,  and therefore most of it 
\\.as excluded from the  original analysis he- 
cause it cannot be aligned unaml~iguously. 
W e  have reanalyzeid our data incorporating 
these correctio~~.;, and our original phyloge- 
netic tree. bootstrav trees. and conclusions 
are ilnaffecteci. Aci~litionally, an  indepen- 
dent study (5) has confirme~l our major 
c01lc1~1~1~31ls. 
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