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Abstract--Reduction of complex life cycles in the Hydrozoa is commonly achieved by the hetarochronic 
reduction of the medusa from a free-living to a sessile stage. Two competing traditions of hydroid taxonomy 
dating from the last century disagree about whether the degree of medusa reduction is an appropriate 
generic character. A phylogeny based on a fragment of the sequence encoding mitochondrial large 
ribosomal subunit RNA is constructed for thirteen representatives of three hydractiniid genera, each defined 
by its degree of medusa reduction. The minimum length trees found by parsimony and distance methods 
are not consistent with a monophyletic origin for all three genera. Tree topologies constrained to hold the 
genera Stylactus and HydracEnia monophyletic were shown by a statistical test to be significantly worse than 
the minimum length trees. These results support the hypothesis that medusa reduction has happened 
repeatedly in the family Hydractiniidae, thereby calling into question the tradition of hydroid taxonomy which 
defines genera based on degree of medusa reduction. 

Introduction 
The reduction of complex life cycles by the heterochronic elimination of late onto- 
genetic stages has been important to the evolutionary radiation of groups ranging 
from fungi and aphids to hydroids (Saville, 1976; Hille Ris Lambers, 1980; Moran, 1986; 
Moran and Whitham, 1988; Boero, 1986, 1987). The most obvious example of hydro- 
zoan heterochrony is the paedomorphic reduction of the sexual medusoid stage from 
a free-living state to an attached, sessile condition (Fig. 1), so that sexual maturity is 
reached at a truncated point in medusoid development. These episodes of medusa 
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FIG. 1. MEDUSA REDUCTION IN THE HYDRACTINIIDAE. A, Free living medusoid (R selena, after Mills, 1976). B, Detachable 
eumedusoid (S. hooper~ after Sigerfoos, 1899). C, Sessile sporosac (H. echinata, after AIIman, 1872). 
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reduction are often followed by extensive radiation of the paedomorphic sessile 
lineage (AIIman, 1864; Broch, 1916; Kramp, 1949; Naumov, 1960; Alberch et al., 1979; 
Petersen, 1979, 1990; Boero, 1986, 1987; Boero and Boullion, 1987; Boero and Sar&, 
1987). 

Exploring the history of medusa reduction is hampered by a system of taxonomic 
classification which is often based on reduction of the medusoid stage. The convention 
of defining hydroid genera by degree of medusa reduction was begun by AIImann 
(1864), and has been upheld by some hydroid taxonomists (Stechow, 1919; Rees, 1957; 
Millard, 1975). Conversely, a second school has argued that the degree of medusa 
reduction is not an appropriate generic character (Levinsen, 1893; Broch, 1916; Kramp, 
1949). Both traditions of hydroid taxonomy are currently being practiced. Boero and 
Sar& (1987) have proposed phylogenies of the thecate families Haleciidae and 
Campanulariidae based on the assumption of a progressive reduction of the medusoid 
stage. By contrast, Petersen (1979, 1990) has used a cladistic analysis of morphological 
characters of the athecate Order Captitata to argue that paedomorphic medusa 
reduction has occurred repeatedly within as well as between established genera. 

We investigated the evolutionary history of paedomorphosis and medusa reduction 
in the Family Hydractiniidae. Allman (1864) first divided the Family Hydractiniidae into 
the genera Podocoryne (free-living medusae) and Hydractinia (reduced, sessile 
sporosacs). A third hydractiniid genus, Stylactis has come to include species with 
transitional stages of medusa reduction (Hirohito, 1988). Although Broch (1916) 
proposed that the genus Podocoryne be subsumed under the genus Hydractinia, the 
generic status of hydractiniids has continued to be defined by their degree of 
medusoid reduction (e.g. Rees, 1957; Naumov, 1960; Hirohito, 1988). 

To distinguish between the two traditions of hydroid taxonomy with respect to the 
Family Hydractiniidae, a phylogeny has been constructed based on a region of the 
DNA sequences encoding mitochondrial large ribosomal subunit RNA (MLRS DNA). 
Sequences have been obtained from thirteen representatives of the hydractiniid 
genera Podocoryne, Stylactis, and Hydractinia, as well as for three outgroup taxa. The 
Boero-Sara hypothesis of gradual, progressive medusa reduction is supported if each 
genus is found to be monophyletic, and if the two genera with reduced medusae are 
sister groups. The Petersen hypothesis is supported if the monophyly of any or all of 
the genera is not supported, indicating that medusa reduction has taken place more 
than once. 

Materials and Methods 
Study species. Table 1 lists the major host types, degree of medusoid reduction, collection localities, and 
systematic references used for species identification of the 13 hydractiniid species used in this study. The only 
species not previously reported from the collection locality is the Monterey Bay population of Stylactis hooperi, 
which has previously only been reported from the Atlantic Coast of North America (Sigerfoos, 1899; Nutting 
1901; Cunningham et al., 1991). 

DNA extraction. Hydroid tissue was homogenized in buffer (4M EDTA, 10mM Tris-HCI, 2% Sodium Sarkosyl, 
pH 9.4), extracted once with phenol-chloroform-isoamyl alcohol (25:24:1 ), precipitated by addition of an equal 
volume of isopropyl alcohol and 1/10 volume of 4.4 M NH4Ac, resuspended in water, and further purified by the 
GENE CLEAN (BIO 101) procedure. 

Amplification using the polymerase chain reaction (PCR), The primers used in this study were designed by 
searching the Hydra vulgaris (syn. H. attenuata) MLRS DNA sequence (G. A. Pont, C. G. Vassort, R. Okimoto, R. 
Warrior and D. R. Wolstenholme, unpublished) for sequences corresponding to the opposing primers 16SAR 
and 16SBR, which were developed for use in other metazoans (Palumbi et al., t991). The sequence for these 
primers (5'-3') are: 
TCGACTGTTTACCAAAAACATAGC (primer 1), and ACGGAATGAACTCAAATCATGTAAG (primer 2). These 
primers enclose a 641 base pair fragment in the H. vulgaris MLRS DNA sequence, and consistently amplified a 
single similarly sized fragment from all cnidarian DNA attempted. A third, internal primer (GTCGCCCCAAC- 
TAAACTACCAAACTT: primer 3) was constructed for sequencing purposes. The PCR (Saiki et aL, 1988) was 
carried out for single and double-stranded amplifications directly from whole genomic DNA as described by 
Palumbi et aL (1991). A Perkin-Elmer CTS machine was programmed for 10 cycles (94°C, 1 rain; 40°C, 1.5 min; 
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Hydractiniid species Major hosts Gonophore type Collection locality 

Hydractinia symbiolongicarpus Hermit crabs 1 Sessile sporosac 1 

Hydractinia symbiopollicaris Hermit crabs ~ Sessile sporosac 1 
Hydractinia polyclina Hermit crabs ~ Sessile sporosac ~ 
Hydractinia echinata Hermit crabs ~ Sessile sporosac ~ 
Hydractinia [GM] Hermit crabs 2,7 Sessile sporosac ~,s 
Hydracdnia californica Rocks 3 Sessile sporosac 3 
Hydractinia milleri Rocks 3'4 Sessile sporosac 3 
Hydractinia serrata Hermit crabs, Gastropods 2.s Sessile sporosac e 
Hydractinia allmani Hermit crabs ~ Sessile Cryptomedusoid 8 
Stylactis inabai Hermit crabs, Gastropods s Detachable Eumedusoid s 
Stylactis hooperi Gastropods ~ Detachable Eumedusoid 2,~° 
Podocoryne camea Hermit crabs, Gastropods 8 Free-living Medusoid a 

Podocoryne selena Hermit crabs, Snails 8 Free-living Medusoid 9 

Old Quarry Harbor, Guilford, 
Connecticut 
Woods Hole, Massachusett~ 
Boothbay Harbor, Maine 
North Sea, F.R.G. 
Dickerson Ray, Wakulla, Florida 
Catalina Island, California 
Bodega Bay, California 
Bering Sea 
Bering Sea 
Hokkaido Bay, Japan 
Monterey Bay, California 
Old Quarry Harbor, Guilford, 
Connecticut 
Dickerson Bay, Wakulla, Florida 

Systematic references: ~Buss and Yund, 1989; 2Cunningham et al., 1991 and personal observation; ZFraser, 1937; 4Grosberg, 
personal communication; SHirohito, 1988; SKramp, 1943; 7Mercando and Lytle, 1980; 8Mills, 1976; 9Naumov, 1960; l°Sigerfoos, 
1899, Nutting, 1901; 11Watanabe, personal communication. 

72°c, 2.5 min) to be followed immediately by 40 cycles (94°C, 1 min; 52°C, 1.5 min; 72°C, 2.5 min) and finally to a 
4°C soak cycle until samples could be retrieved. 

Sequencing of  PCRproducts. All DNA sequencing was carried out by the dideoxy chain termination process 
(Sanger et al., 1977) using T7 DNA poiymerase (Sequenase Version 2.0, United States Biochemical) and 
radioactive labelling with S3s (Amersham). Sequencing was achieved by one of three methods: (1) direct 
sequencing of double-stranded products, (2) direct sequencing of single-stranded products, and (3) sequencing 
of supercoiled plasmid DNA carrying the fragment of  interest. 

(1) PCR samples were prepared for direct double-stranded sequencing by removing the primers using the 
GENE CLEAN procedure, and rasuspending in 21 Id of water. Seven Id of the resuspended DNA and 1 Id of 100 
ItM primer solution were boiled together in 1X Sequenase reaction buffer for 2 min and placed immediately 
on an ice slurry to minimize reassociation of double-stranded DNA. DNA sequencing was carried out by the 
preferred method of Tonequzzo et al. (1988). Double stranded sequencing was carried out for all species in 
Table 1 except for S. hooperi (see below). 

(2) PCR samples were prepared for direct single-stranded sequencing and sequenced as described by 
Palumbi et al. (1991). Single-stranded amplification with primer 1 as the limiting primer was carried out for two 
species, H. polyclina and H. echinata, and sequenced using primers 1 and 2. The results of  single-stranded 
sequencing were compared to those from double-stranded sequences for evidence of compression artifacts. 

(3) PCR samples were prepared for cloning by removing the primers using the GENE CLEAN procedure. 
Cloning was carried out as directed by the TA Cloning Version 1.0 instruction manual (Invitrogen). This cloning 
system uses a PUC vector (PCR 2000), and requires no restriction sites to be added to the primers. Amplifica- 
tion of cloned DNA was carried out as described by Tonnequzzo et al, (1988), except that the initial volumes 
were increased tenfold to increase DNA yield, cultures were grown in 50 p,g/pJ of Kanamycin, and the GENE 
CLEAN procedure was used in the place of RNAase as a final step of purification before sequencing. All 
sequencing steps were carried out according to the recommended procedure in Tonnequzzo et aL (1988). The 
cloning procedure was carried out for fragments amplified from R carnea, R selena and S. hooper~ as well as 
two outgroup species. Obelia ~ichotoroa and Bouganvilla sp. At least three clones of each species were 
sequenced to check for errors. The R selena sequence obtained in this way was compared against the 
corresponding double-stranded sequence for evidence of compression in the latter, and none was found. 

Sequencing reactions for all three methods were then run on 6% acrylamide 8M urea denaturing sequen- 
cing gels, washed, dried, and visualized as described in Palumbi eta/, (1991). 

DNA sequence alignment and phylogeneEc analysis. All data analysis was carried out on a Macintosh II 
microcomputer. Sequences were aligned using the CLUSTAL program (Higgins and Sharp, 1989). Phylogenetic 
analysis of  the aligned sequences were carried out using PAUP 3.0 (Swofford, 1990) and MACPHYLIP 3.3, a 
Macintosh compatible version of Joseph Felsenstein's PHYLIP 3.3, (Felsenstein, 1990; available from Willem 
Ellis, Instituut voor Taxonomische Zoologie, Zoologisch Museum, Universiteit van Amsterdam, Plantage 
Middenlaan 64, 1018DH Amsterdam, Netherlands). 

Results 
A n a l y s i s  a n d  a l i g n m e n t  o f  D N A  s e q u e n c e s  
E a c h  o f  t h e  13 h y d r a c t i n i i d  D N A  s e q u e n c e s  w e r e  a l i g n e d  i n d i v i d u a l l y  t o  t h r e e  
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outgroups, Hydra vulgaris (G. A. Pont, C. G. Vassort, R. Okimoto, R. Warrior, and D. R. 
Wolstenholme, unpublished), Obelia dichotoma and Bouganvilla sp. using the 
CLUSTAL program (Higgins and Sharp, 1989) with gaps given a weight of ten and 
transitions unweighted. Regions of DNA sequence where the individual alignments 
disagreed in the placement of gaps were deleted from the phylogenetic analysis. The 
MLRS DNA sequences are shown in Table 2, with deleted sections underlined. This 
approach of alignment to outgroup is suggested by Lake (1991) to identify and delete 
regions of uncertain homology, as well as to avoid the bias which can result from the 
order in which sequences are aligned. Inclusion of these sequences added homoplasy 
without affecting the conclusions of the study (Cunningham, 1991 and unpublished). 
Three species, H. echinata, H. symbiopollicaris, and H. polyclina (Table 1) had identical 
sequences. For simplicity, only the H. polyclina sequence is shown in Table 2 and in all 
subsequent figures. 

Phylogenetic analysis 
With Hydra vulgaris, Bouganvilla sp., and Obelia dichotoma as well as the 

designated outgroups one most parsimonious tree 220 steps long was found using 
Paup 3.0, with 67 phylogenetically informative positions (Fig. 2). Modified Kimura 
(1980) distances (taking into account unequal base-pair composition, Felsenstein, 1990) 
were calculated with the PHYLIP 3.3 program DNADIST program, and a minimum 
length least-squares tree was found using the PHYLIP 3.3 FITCH program (221 steps 
long, Fig. 2). The results of 1000 bootstrap replications (Felsenstein, 1985) are shown on 
both trees (Fig. 2). The two minimum length trees are shown in Fig. 3 with branch 
lengths in modified Kimura distance units calculated by the FITCH program. 

Testing for multiple events of medusa reduction 
Both the minimum length trees require multiple events of medusa reduction with 

the Family Hydractinidae. The character distribution of stages of medusoid reduction 
in both minimum length trees is shown in Fig. 4. The constraints option of Paup 3.0 
was used to find the most parsimonious trees supporting the Boero-Sarb hypothesis, 
such that each stage of medusa reduction has only happened once, and in a 
progressive manner. One tree 231 steps long was found with all three genera mono- 
phyletic and with the paedomorphic genera Hydractinia and Stylactis as sister taxa 
(Fig. 5). This tree only requires two events of paedomorphic medusa reduction (Fig. 5). 

Hydractinia californica Hydractittia californico 

Hydractinia milleri H ~ t i t t i a  milleri 

Hydractinia serrnta I O0 g 8 Hyd~ctiaia serrata Hydractinia allmani Hydractirtia allmani 

Stylaetts inabei Pt~%coryne carnea 

Podocoryne carnea Padocoryn,~ selena 

podocoryne sele~ Stylactis inabai 

Hydrttctinia polycli~ Hydractiaia pol~lina 

Hydractinia [GM] Hyd~t inia  [GMi 

Hydractiaia symbiolong. Hydractinia symbiolong. 

Stylactis hooperi Stylacti~ hoopert 

Bouganuilla sp. Bouganuilla sp. 

P A R S I M O N Y  H, dr. o~,o,. F I T C H  x,e~ ~ , r ,  
T R E E  o ~ t , .  dich~ . . . .  T R E E  o~,o a.h~o~o 

FIG. 2. MINIMUM LENGTH PHYLOGENETIC TREES FOR MLRS DNA SEQUENCES. Numbers refer to percentage of times that 
node was supported in 1000 bootstrap pseudorefalicates (Felsenstein, 1985, PAUP 3.0, Swofford, 1990), Parsimony tree: 220 
steps in length (PAUP 3.0, Swofford, 1990). Consistency Lndex (excluding uninformative characters=0.649. Sum of 
squares = 0.624 (FITCH, PHYLIP 3.3, Felsenstein 1990). FITCH tree; 221 steps in length (PAUP 3.0, Swofford, 1990). Consistency 
Index (excluding uninformative characters = 0.627. Sum of squares = 0.518 (FITCH, PHYLIP 3.3, Felsenstein 1990). 
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FIG. 3. MINIMUM LENGTH PHYLOGENETIC TREES WITH BRANCH LENGTHS IN MODIFIED KIMURA DISTANCES AS 
CALCULATED BY THE DNADIST AND FITCH PROGRAMS (PHYLIP 3.3, Felsenstein 1990). 
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FIG. 4. NUMBER OF PAEDOMORPHIC MEDUSA REDUCTION EVENTS REQUIRED WITHIN THE FAMILY HYDRACTINIIDAE ON 
BOTH MINIMUM LENGTH TREES. See Fig. 1 for descriptions of stages of hydractiniid medusoid reduction. 
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BOTH GE 

R E J E C T E D  P < 0 . 0 5  

B t ) E R O - S A R ~  HYPOTHESIS: 
P~l~-orynp carn,'a 

Piwh~oryne setena 

Hydr~'tinta polyclina 

tlydr~tinm [GMI 

Hydrc~r tinia svmbiolong. 

tlydrm'tinla allmani 

Hydroctinia ~rrata 

Hyd~tinia cali]brnica 

Hyd~tinia milleri 

Stylacti~ h~peri 

Styl~ctis i~bai 

Bot~ganvilla sp STYLACTIS P A R A P I t Y L E T I C  

Hyd~ vulgaris 
2 3 0  S T E p s  

Olrelia dh'hotoma R E J E C T E D  P < 0 . 0 5  

FREE LIVING MEDUSAE 

~'~X~'X'XXXX'~X REDUCED EIdM EDUSOI D 

illrlllllr REDUCI~D ,~PORCKSAC 

.~oooo,l~¢¢ NO GONOPHORE 

MEDUSA REDUCTION 
( H ~(D RA(Y'n NII I),q ON L',Q 

Pod¢~orvne carnea 

Podfx'oryne selena 

Stylactis inabai 

Hydractinia polyvhna 

ltydractinia [GM] 

l~vdr~tinia symhiohmg. 

Hydractinia allmani 

Hydractinia serrata 

Hydrm'tinia californiea 

[tvdractinia milleri 

~tylactis h~perl 

Bouganvtlla sp. 

Hydro vulgarzs 

Obelia dwht*toma 

FIG. 5. THE MOST PARSIMONIOUS TREES SATISFYING THE BOERO-SARA HYPOTHESIS OF GRADUAL, PROGRESSIVE 
MEDUSA REDUCTION CONSTRAINED SO THAT EACH STAGE OF MEDUSOID REDUCTION MAY ONLY HAPPEN ONCE (PAUP 
3.0, Swofford, 1990). Both trees are significantly worse than either minimum length trees (Figs 2 and 3) according to Kishino and 
Hasegawa's (1989) version of Templeton's (1983) test (DNAPARS program, PHYLIP 3.3, Felsenstein 1990). 

A second tree 230 steps long was found in which the intermediately paedomorphic 
genus Stylactus was allowed to be paraphyletic, but which also only required two 
events of paedomorphic medusa reduction (Fig. 5). The DNAPARS program of PHYLIP 
3.3 was used to perform Kishino and Hasegawa's (1989) version of Templeton's (1983) 
nonparametric test (Felsenstein, 1990) to ask whether the number of character 
positions favouring the trees in Fig. 5 were significantly lower than the number 
supporting the minimum length trees. Both trees in Fig. 5 were found to be 
significantly worse than either the minimum length parsimony or least-squares 
minimum length trees (P<0.05). This result is consistent with a conclusion drawn by 
considering the length distribution of most parsimonious trees, which reveals that 4643 
more parsimonious trees must be considered before finding a tree consistent with the 
Boero-Sara hypothesis (Fig. 6). 

S H O R T E S T  T R E E  C O N S I S T E N T  W r f H  
B O E R O - S A R A  H Y P O T H E S I S  ~/~ I00,000 

1o,¢ 

NUbI3BER OF S T E P S  
FIG. 6. TREE LENGTH DISTRIBUTION FOR ALL TREES WITHIN 15 STEPS OF THE MOST PARSIMONIOUS TREE, SHOWING 
SHORTEST TREE CONSISTENT WITH BOERO-SARA HYPOTHESIS (PAUP 3.0, Swofford, 1990). 



PAEDOMORPHOSIS IN THE FAMILY HYDRACTINIIDAE 67 

But what of the monophyly of each of the three genera taken separately? The two 
representatives of the genus Podocoryne are monophyletic in 98% of 1000 bootstrap 
replicates. The most parsimonious trees constraining either Stylactis or Hydractinia to 
be monophyletic cannot be rejected using the statistical tests described above (see 
Fig. 7). But both of these trees require multiple events of medusa reduction within the 
Hydractiniidae, and hence are not consistent with the Boero-Sar& hypothesis. 

Hydractini= californlca Podocoryne oarnea 
H~4ractinia milleri Podoco~ne 8elena 

ttydractinla . . . .  ~ t - - S t y l a c t i ,  lnab~i 
Hydractinia allmani Hydractinla polyclina 
Podocoryne carnea Hydractiaia [GM] 
Podocoryne selena Hydractini~ symbi~lo~g 

~ Hydractinla polyclina H3Mructlnla allrnani 
ttydre~tlni= [GM] Hydractinia serrata 
Hydractinia symblolong Hydractinia califvrnica 
Stylactls Imoperi m Hydrnctinia milleri 
Stylactis inabai ~ Stylactis hooperi 

STYLACTIS Ro~o,vaL= ,p HFDRACTINIA ~,~,~iuo ,p. 
MONOPHYLETIC //yd~= vu/~m MONOPHYLETIC //yd~ v=tg~, 

224 STEPS Obelia d~om= 226 STEPS ob,t~ d~hoto,,~ 

NOT REJECTED p >0.20 NOT REJECTED P>0.10 

FREE.LMNG MEDUSAE 

~X~,'~N,NX~'~ REDUCED EUMEDUSOID 

l l l l l l l l l l l  REDUCED $~ROS^C 

• ~o0¢0oo~ NO GONOPHORE 

MEDUSA REDUCTION 
(HYDRA(YI~NIIDS ONLY) 

FIG. 7. THE MOST PARSIMONIOUS TREES CONSTRAINED TO SATISFY MONOPHYLY OF THE GENUS STYLACTIS, AND MONO- 
PHYLY OF GENUS HYDRACTINIA (PAUP 3.0, Swofford, 1990). Neither tree is significantly worse than the minimum length trees 
(Figs 2 and 3) according to Felsenstein's version of Templeton's (1983) test (DNAPARS program, PHYLIP 3.3, Felsenstein 1990). 
Number of medusae reduction events as shown. 

Discussion 
Determining the progression of morphological evolution from phylogenetic informa- 
tion is one of the most important and most difficult tasks in systematics (reviewed by 
Donaghue, 1989). Molecular systematists in particular often find themselves in the 
position of rejecting long and dearly held hypotheses about the progress of morpho- 
logical evolution (e.g. Raft eta/., 1988; but see Smith, 1989). To avoid doing more harm 
than good, it is critical to eliminate Type I errors, the incorrect rejection of a correct 
hypothesis (Sokal and Rohlf, 1981). If every phylogenetic algorithm for a molecular 
data set gives the same result, and bootstrapping analysis supports most or all nodes 
with 95% probability Type I errors are minimized. It is only necessary to map the 
characters of interest onto the minimum length tree and proceed from there. 
Morphologically-based hypotheses which do not agree with this tree can then be 
rejected. Such a high degree of resolution throughout a phylogeny is only rarely 
achieved in molecular systematics. How much attention should be given to the most 
parsimonious topology if it is contradicted by trees only a few steps longer which are 
not significantly worse? A reasonable goal for molecular systematics may be to find 
the tree not statistically worse (e.g. Templeton, 1983; Kishino and Hasegawa, 1989) 
than the minimum length tree which requires invoking the least amount of morpho- 
logical homoplasy. 

The hypothesis requiring the least homoplasy with respect to medusa reduction is 
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the Boero-Sara hypothesis of progressive medusa reduct ion. This hypothesis predicts 
that each stage of  medusa reduct ion, (i) free l iv ing to detachable eumedusoid,  and (ii) 
reduct ion of the eumeduso id  to the strictly sessile condit ion, wi l l  each have happened 
only once in the evolut ionary history of the hydract in i id l ineage. Since hydract in i id 
genera have been based on their  degree of medusa reduction, the Boero-Sar& 
hypothesis is suppor ted if each genus is found to be monophylet ic .  The m in imum 
length PARS and FITCH trees are at variance w i th  these predict ions. The free-l iving 
medusoid condi t ion is present in two  of the three outgroups, but is lost six t imes wi th in  
the Hydract ini idae whether  the PARS or FITCH tree is considered, shown in Fig. 4. 

As descr ibed in the results, the most  pars imonious trees consistent w i th  the Boero-  
Sara hypothesis are 10 or more steps longer than the most pars imonious tree, and 
both are s igni f icant ly worse than either the PARS or FITCH trees (Fig. 5, P<0 .05) .  
Furthermore, 4643 more pars imonious trees must  be considered before f ind ing a tree 
consistent w i th  the Boero-Sar~ hypothesis (Fig. 6). These tests strongly suppor t  the 
conclusion that  there has been more than one episode of medusa reduct ion from the 
free-l iving to the eumeduso id  condit ion, even though most nodes on the m in imum 
length phylogenet ic  trees are on ly  poor ly  supported by bootstrap analysis (Fig. 2). 

These results a l low us to reject the A l lman /Boero -Sara  tradit ion of a hydroid 
t axonomy  based on the degree of medusa reduct ion for the Family Hydract ini idae 
(AIIman, 1864; Boero and Sara, 1987), insofar as t axonomy  should reflect phylogeny. 
Like Petersen's (1990) cladistic analysis of morphologica l  characters of the Capitate 
hydroids, our  molecular  s tudy f inds that paedomorph ic  medusa reduct ion is a f lexible 
character, and can happen repeatedly w i th in  monophy le t ic  groups like the 
Hydractini idae. Whi le it can be conc luded w i th  conf idence that all three genera are not 
monophy le t ic  (Fig. 5), the present s tudy does not provide suff ic ient resolut ion to reject 
the monophy l y  of one or the other of the two  paedomorph ic  genera, Hyd rac t i n i a  and 
Sty lac t is  (Fig. 7). More data are necessary before undertaking a taxonomic  revision of 
the Hydractini idae. 
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