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Abstract. Allogeneic assays were conducted in situ on the 
Red Sea hydrocoral Millepora dichotoma. Forty-five 
pairwise combinations among ten colonies and ten con- 
trol isografts were set up in four replicates each (I 80 and 
40 pairs, respectively) and followed for up to 8 mo in the 
Gulf of Eilat, Red Sea in 1992-1993. In 42 allogeneic 
combinations we recorded a reproducible and unilateral 
tissue and skeleton overgrowth which developed within 
the first 10 wk up to 20 mm. Following the development 
of these primary overgrowths, four types of secondary 
responses were observed among most incompatible com- 
binations: reversals in overgrowth directionality, tissue 
necroses, stand-offs and abnormal growth patterns. Sec- 
ondary responses within a given set of replicates of most 
allogeneic combinations were characterized by high vari- 
ability in type and intensity of response. Based on the 
outcomes of primary overgrowths, a complex nontransi- 
tive hierarchy was constructed for the ten colonies. All 
isografts and three allogeneic combinations fused within 
3 wk. Fusion pattern between the three allogeneic combi- 
nations was nontransitive: one M. dichotoma colony re- 
peatedly fused with two other colonies (four assays each). 
However, these two colonies not only did not fuse with 
each other, but one of them repeatedly overgrew its con- 
fr6re. In the third compatible combination, the most su- 
perior and the most inferior colonies in the network of 
hierarchies among the ten colonies, fused in all tested 
assays. These results are compared with allogeneic out- 
comes in other cnidarians, where nontransitive fusion 
between allogeneic colonies have never been recorded. 

Introduction 

The recognition of self vs non-self in lower invertebrates 
is a well documented phenomenon. In all studied taxa, 
isografts are always compatible, while allografts and 
xenografts are rarely accepted (Cooper et al. 1992). On 
the other hand, the genetic rules governing invertebrate 

immunity were elucidated for only a limited number of 
taxa (protochordates: Oka and Watanabe 1960, Sabba- 
din 1962, Scofield et al. 1982; ciliates: Beale 1990). 

Cnidarians, being one of the most ancestral inverte- 
brate groups, have attracted the interest of comparative 
immunologists, who used them as model systems for 
studying the evolution of vertebrate immunity (Cooper 
et al. 1992). Most of the studies on cnidarian immune 
responses were performed in the field using anthozoans 
such as reef corals and sea anemones as experimental 
organisms (Leddy and Green 1991). These studies usually 
followed allogeneic interactions on the morphological 
level, characterizing the types and expressions of respons- 
es, variety of mechanisms, immunological memory and 
maturation, etc. (Hildemann et al. 1977, Bak and Criens 
1982, Rinkevich and Loya 1983 a, Hidaka 1985, Lasker 
and Coffroth 1985, Chornesky 1991, Salter-Cid and Big- 
ger 1991). 

In the Hydrozoa, most of the studies on allogeneic and 
xenogeneic interactions were performed on the genera 
Hydra and Hydractinia. (e.g. Hauenschild 1954, 1956, 
Toth 1967, Znidaric 1981, Buss et al. 1984, 1985, Bosch 
und David 1986, Shimizu and Sawada 1987, Lange et al. 
1989), revealing several types of antagonistic responses. 
In allogeneic encounters, formation of hyperplastic 
stolons (Ivker 1972) or nematocyst accumulation and dis- 
charging was recorded (Buss et al. 1984, Lange et al. 
1989). In xenogeneic encounters, epithelial cells, which 
recognized and phagocytized the foreign cells, were ob- 
served (Bosch and David 1986). 

The hydrocoral, Millepora spp. possesses a self-non- 
self discrimination system as do other hydrozoans 
(Boschma 1948, Mtiller et al. 1983). In some allogeneic 
encounters, it has been suggested that nonself recognition 
is restricted only to those areas with a high polyp density 
(Mfiller et al. 1983). In xenogeneic encounters, members 
of the genus Millepora overgrew several Caribbean gor- 
gonians (Wahle 1980) and scleractinians (Chornesky 
1991) but were overgrown in the Red Sea by a sponge, a 
scleractinian coral and by an alcyonarian coral 
(Rinkevich et al. 1993). All past studies on Millepora spp. 
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immune  responses were, however,  based on shor t  term 
observat ions  o f  natural ly  occurr ing allogeneic and xeno- 
geneic encounters.  A detailed fol low-up study on allo- 
geneic responses between Millepora spp. colonies, as was 
conduc ted  on other  cnidarians (Hi ldemann et al. 1977, 
Rinkevich and  L o y a  1983 a, Salter-Cid and  Bigger 1991, 
Rinkevich et al. 1994, Chadwick-Furman  and Rinkevich 
in press), has no t  yet been carried out.  Here, we fol lowed 
in situ, allogeneic interact ions a m o n g  M. dichotoma 
colonies for  up to 8 mo.  Replicate assays o f  all 45 possible 
pairwise combina t ions  a m o n g  ten M. dichotoma colonies 
resulted in mos t  o f  the cases (42) in the expression o f  a 
variety o f  incompat ible  responses. In  three combinat ions ,  
fusion between allogeneic tissues was recorded.  

Materials and methods 

Study organism 

While the taxonomy of the genus Millepora is still a subject of 
extensive studies (Boschma 1949, de Weerdt 1981), this genus 
emerges as an important framework builder of many Atlantic and 
Indo-Pacific coral reefs (Lewis 1989). 

Millepora dichotoma Forsk~l is a common inhabitant of shallow 
water corm reefs in the Gulf of Eilat, where it is usually found at 0 
to 5 m depth (the Millepora zone; Loya 1972). This species is char- 
acterized by a fast growth rate and rapid regeneration of tissue 
lesions (Fishelson 1973). It occurs in a variety of growth forms 
including branching, massive, encrusting and intermediate forms 
(Vago :1989). The habitus of any M. dichotoma colony is probably 
affected by a variety of environmental and biological factors (Vago 
1989), as was also claimed for some Caribbean Millepora species (de 
Weerdt 198:1). 

Field experiments 

The present study was carried out on the coral reef adjacent to the 
H. Steinitz Marine Biology Laboratory at Eilat, Red Sea, Israel, at 
a depth of 5 to 7 m using SCUBA. 

Millepora dichotoma colonies of only the branching morph were 
sampled, since this form may easily be subcloned in situ to many 
similar-sized colony fragments (subclones), causing minimal dam- 
age to both the colonies and the fragments. Branches, 7 to 14 cm 
long, were carefully detached from ten large and healthy colonies 
(labeled A to J) using side cutting pliers. They were secured to 
submerged concrete tiles by preglued plastic clothespins (Rinkevich 
and Loya 1983 a). All 45 possible pairwise allogeneic combinations 
and ten control isografts (within colony grafts) were set up in four 
replicates each. Isolated subclones were allowed to acclimatize on 
the tiles to the experimental conditions for up to 2 wk. Thereafter, 
branches were positioned in pairs, so that the tips of each pair- 
branches contacted each other gently, without injuring their tissues. 
A total of 180 allogeneic and 40 isogeneic pair-branches were ob- 
served every 2 to 3 wk and photographed (using a Nikonos V cam- 
era equipped with a 35-ram lense and a close-up attachment) every 
6 to 8 wk, from May :1992 until January 1993. 

Results 

Allogeneic encounters  a m o n g  Millepora dichotoma con-  
specifics were character ized by either compat ib le  (tissue 
fusion; Fig. 1 a) or  by incompat ible  (Fig. 1 b - h )  respons- 
es. 

Incompat ib le  responses 

Out  o f  total  180 allogeneic assays, 168 (of  42 allogeneic 
combinat ions)  resulted in incompat ible  responses (Table 
1). All replicate assays o f  41 combina t ions  started with 
unilateral  overgrowth,  where one par tner  in each assay 
overgrew its confr6re (Fig. 1 b). Tissue overgrowth  was 
first observed in situ f rom 2 wk (co lony-combina t ion  BJ) 
to 10 wk (combina t ion  I J) after tissue-to-tissue contacts.  
In  one combina t ion  (EI), none  o f  the four  replicates de- 
veloped overgrowth  responses. Instead,  a suture (sensu 
C h a d w i c k - F u r m a n  and Rinkevich in press), at the border  
line between bo th  partners,  was fo rmed following 10 wk 
o f  interact ion (Fig. 1 c). 

In  33 incompat ible  pairwise combinat ions ,  all repli- 
cates consis tant ly resulted in the same directionali ty for  
tissue overgrowths.  In  five combinat ions ,  one out  o f  the 
four  replicates in each combina t ion  overgrew its confrere 
in a direction opposi te  to the other  three. In  three combi-  
nat ions (FG,  FA, I J), bo th  par tners  overgrew each other  
in an equal number  o f  replicates (Fig. 2). Start ing time 
for  overgrowth  was highly variable within mos t  combina-  
tions. Fo r  example, overgrowth  was first observed in the 
four  replicates o f  combina t ion  C H  after 2, 4, 6 and 10 wk 
respectively, fol lowing contacts.  In  all cases o f  over- 
growths,  a visible borderl ine clearly demarca ted  bo th  al- 
logeneic tissues, which were structurally "cemen ted"  
(Fig. 1 b - h ) .  This borderl ine was the site o f  separat ion 
when interacting pairs were decalcified (formic acid and 
sodium citrate). W h e n  mechanical  force was applied, the 
original area o f  contac t  (i.e., before the onset  o f  over- 
growth)  was always the breaking-up site. All above over- 
growths  will be termed here as " p r i m a r y  allogeneic re- 
sponses".  

Based on the results o f  p r imary  overgrowth  vectorial- 
ity, a transitive and nontransi t ive hierarchical ne twork  o f  
overgrowths  a m o n g  the ten colonies was established 
(Fig. 2). Colonies  J and  I emerged as the mos t  superior in 

Fig. 1. Millepora dichotoma. Alloimmune interactions between M. 
diehotoma conspecifics. (a) Colony combination AC. Fusion, as 
recorded after 16 wk from tissue contact, characterized by continu- 
ous tissue and skeleton across contact area. Arrow indicates site of 
original contact. (b) Combination AB. Primary overgrowth of one 
branch over the other. Arrows indicate: (1) thickened zone formed 
by the overgrowing tissue; and (2) site of original contact. (c) Com- 
bination EI. A suture at the borderline between two branches ex- 
hibiting no overgrowth response, 12 wk from contact. Arrows indi- 
cate: (1) suture; and (2) a necroting area on which algae were settled. 
(d) Combination CJ. Overgrowing tissue advanced up to 20 mm on 
colony C. Arrows indicate: (t) original contact zone; (2) necrosis; 
and (3) the overgrown clothespin which holds the branch. (e) Com- 
bination AI. Reversal in overgrowth directionality. In the primary 
response, the right branch overgrew the left one, and left the branch 
overgrew the right one after reversal. Arrows indicate: (1) site of 
original contact; (2) present borderline between the tissues; and (3) 
reversal area in the shape of a ring. (f) Combination GJ. Simulta- 
neous overgrowth of two branches. Arrows indicate: (1) site of 
original border; (2) the right branch overgrowing the left partner; 
and (3) vice versa. (g) Combination CK A necrotic line on the 
borderline between two allogeneic tissues. Arrows indicate: (1) the 
original contact zone; and (2) the necrotic line. (h) Combination 
AH. Death of an overgrown branch. Arrows indicate: (1) the site of 
original contact; and (2) the dead branch 
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Fig. 2. Millepora dichotoma. A hierarchical ne twork  o f  over- 
growths  a m o n g  ten allogeneic M. dichotoma colonies ( A - J ) .  
Colonies posi t ioned higher in the scheme, repeatedly overgrew all 
lower posi t ioned colonies in all replicates. Lines wi thout  ar row,  
heads show fusion responses;  do t ted  line indicates nei ther  over- 
g rowth  nor  cytotoxic response; dashed  lines with ar rowheads  indi- 
cate directionality o f  overgrowth  in three replicates (while one repli- 
cate responded  in an opposi te  direction); lines with large arrow- 
heads indicate overgrowth  o f  the dominan t  colony by an inferior 
one (in all replicates); double  arrows with small heads indicate 
reciprocal overgrowth  by an equal number  o f  replicates 

this network: they both overgrew seven other colonies 
and reciprocally overgrew (in two replicates) and were 
overgrown by each other (two replicates). Colony I did 
not exhibit overgrowth or cytotoxicity at all with E, and 
colony J fused (see below) with colony H, which appeared 
to be the most inferior one. This colony was overgrown 
by seven colonies, overgrew only colony E and fused with 
the superior colony J. A circular hierarchy was estab- 
lished among the four inferior colonies E, D, C and H: 
colony E overgrew D and C but was overgrown by the 
most inferior colony H. The rest of the hierarchies were 
fully transitive or showed some reciprocal overgrowths 
and fusions (Fig. 2). 

These primary allogeneic responses (Figs. 1, 2; Table 
1) were established and developed within the first 10 wk 
(maximal time recorded in combination I J) following tis- 
sue contact. During this period, overgrowing tissue ad- 
vanced up to 20 mm over the confr6re's skeleton (in com- 
bination CJ; Fig. 1 d). After the establishment of the pri- 
mary allogeneic responses (unilateral overgrowth), we 
documented four other types of responses, termed here as 
"secondary responses". These secondary responses in- 
cluded reversals in overgrowth directionality (sensu 
Chornesky 1989, Chadwick-Furman and Rinkevich in 
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Table 1. Millepora dichotoma. Allogeneic responses o f  45 pairwise 
combina t ions  done between ten M. dichotoma colonies ( A - J )  as 
recorded after 9, 23 and 33 wk. < or  > : overgrowth  directionality; 
N: necrosis; so: s tand off; x: dead individual branchess.  N u m b e r  o f  
pair-replicates given 

Com- Time 
bination 

After 9 wk After 23 wk After 33 wk 

AB 2A>B; 2so 3A>B; 1A<B 3A>B; 1N on B 
AC 4 fusion 4 fusion 4 fusion 
AD 3A>D; lso 2A>D; 2so t A < D ;  3so 
AE 3A>E; lso 2A>E; 2N on E; 1A>E; 2A<E; 

2so 1N on A 
AF 2A>F;  2N on A 2 A > F ;  1A<F; lso 1A<F; 2N on F; 2so 
AG 2A>G; 2so 4 A > G  4A>G; IEx 
AH 4 A > H  4A>H; 1Hx 4A>H; 1Hx 
AI 4A<I  IA>I;  3A<I 4A<I  
AJ 4A<J  4A<J; 2Ax 2A<J; IN on A; 4Ax; 

1Jx 
BC 1B>C;2B<C; l so  3B <C ; t so  4B<C 
BD 2B>D; 2so 3B<D; I B > D  2B>D; 2B<D 
BE 3B>E; 1so 3B>E; 1B<E; 3B>E; 1B<E 

IN on B 
BF 2B<F; 2so 2B>F; 2B<F; 4B>F  

1N on B 
BG 4B<G 3B<G; lso 3B>G; t B < G  
BH 3B>H; lso 2B>H; 2N on H; 2B>H; 1B<H; 1Hx 

I B < H  
BI 4B<I 4B<I 4B<I 
BJ 2B<J; 2Bx; 2Jx IB<J;  4Bx; 2Jx 1B<J; 4Bx; 3Jx 
CD 1C<D; 3so 4so lso; 3Cx; 3Dx 
CE 1C<E; 3so 3C<E; I C > E  2C>E; 1C<E; lso; 

IN on C 2Ex 
CF 4 C < F  4C<F;  2N on C 1C<F; lso; 2Cx; 2Fx 
CG 4 fusion 4 fusion 4 fusion 
CH IC>H;  3so 3C>H; 1N on H 4Cx; 4Hx 
CI 4C<I  4C<I  4C<I; 2N on C 
CJ 2C<J; 2so 1C<J; 3so 2C>J; 2Cx; 4Jx 
DE 4so 4so 1D>E; 3so 
DF 2D<F;  2so 3D>F;  1D<F; 2D<F;  2so 

2Fx; lso 
DG 4 D < G  4 D < G  4 D < G  
DH 4 D > H  4D>H; 1N on H 2D>H; 1N on H; lso 
DI 4D<I  4D<I  3D<I; 1D>I 
DJ 3D<J; 1N on D 3D<J; lso 1D<J; 2N on J; 2so 
EF 4so 1E>F; IN on F; 2E>F;  2 E < F  

2so 
EG 3E<G; lso 2E>G; IE<G;  3E<G; 1E>G 

1Non E 
EH 4so 4E<H 2E>H; 1E<H; 2so 
El 4 no response 4 suture and so 4 suture and so 
EJ 4E<J  4E<I  1E>J; 2E<J; 2so; 

IEx; tJx 
I F > G ;  1F<G; 2so 
2F>H; 1Fx; 1Hx 
IF>I ;  3F<I;  2Fx 
1SO; 2Fx; 1Jx 

FG 2F>G;  2 F < G  2F>G;  1F<G; lso 
FH 4 F > H  4F>H;  2N on H 
FI 4F<I;  1N on F 3F<I;  1N on F 
FJ 2F<J;  IN on F; 1F<J; 2so; 1Fx 

2so 
GH 4 G > H  4 G > H  
GI 4G<I  4G<I  
GJ 2G<J;  2so 2G<J;  2N on G 
HI 2H>I;  2H<I  1H<I; 3so 
HJ 4 fusion 4 fusion 
IJ 4so 4so 

4G>H; 1Hx 
3G<I;  1G>J 
1G>J; 2G<J;  2so 
1H>I; 3so; 1Hx 
4 fusion 
2I>J; l I<J ;  lso 

press), tissue necroses, stand-offs and abnormal growth 
patterns. 

Reversals in overgrowth directionality occurred with- 
in 17 combinations, where at least one replicate in each 
combination exhibited this phenomenon. However, in 
only two combinations (AI and BG) did all replicates 
develop overgrowth reversals. In some of the cases (such 
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as EG), the directionality of overgrowth changed twice 
during the course of the study (8 mo). Reversals were 
usually characterized by the formation of a calcareous 
"ring" at the most distant point that was covered during 
primary overgrowth by the advancing tissue of the over- 
growing branch (Fig. 1 e). Several pair-branches over- 
grew each other simultaneously at different points along 
contact areas (Fig. 1 f; see also Chornesky 1991). Tissue 
necroses were observed from time to time, in most cases 
at the border zone of interacting branches. Pair-combina- 
tions BD and DI did not develop any necroses at all 
during the 8-too study; in others, necrotic lines (Fig. 1 g), 
points (Fig. 1 c, d) or whole branch death were evident 
(Fig. 1 h). Dead branches were settled by algae and other 
sedentary organisms and sometimes by the "superior" 
colony's tissue. Combination-specific cytotoxicity (hier- 
archical) was not documented here among any of the 
incompatible combinations. In several combinations, a 
stand-off (sensu Chornesky 1989) occurred irregularly 
after the establishment of primary response. Abnormal 
growth as a response to allogeneic challenges was charac- 
terized by thickening of the overgrowing branches at the 
interaction areas (Fig. 1 b). 

Secondary responses were not consistent within differ- 
ent pair-branches of a given colony combination, neither 
in the directionality nor in the types of response. With 
time, the variability of outcomes among pair-branches 
increased. In Table 1 we present this pattern of responses 
as a function of time. For example, combination DH: 
after 9 wk of interaction, D overgrew H in all four repli- 
cates. After 23 wk one necrotic spot was observed on one 
branch of H (D still overgrew H in all replicates), and 
after 33 wk, D overgrew H in only two assays, was in a 
stand-off position within one, and tissue necrosis on the 
branch of H without overgrowth was evident on the 
fourth. The general state of health of incompatible pairs 
declined over time, and necrotic areas or whole branch 
death became more frequent the longer the experiment 
ran. None of above responses were ever observed in com- 
patible (fusing) pairs. 

Compatible responses 

All 40 pairs of the isografts and 12 pairs of three allogene- 
ic combinations (AC, CG and H J) fused within 2 to 3 wk 
following contact and remained fused until termination 
of the experiment, 8 mo later (Fig. 1 a). We set up addi- 
tional four pairs of each of the three compatible allogene- 
ic combinations. Again, all these pairs resulted in com- 
plete fusion (data not shown). About 5 to 6 mo after 
initial tissue-to-tissue contacts, the site of original border 
between fused branches could no longer be distinguished. 
Furthermore, fusion areas were no longer sites of break- 
age when mechanical force was applied, as opposed to 
incompatible pairs. Decalcification of skeletons (after tis- 
sue fixation) did not separate between the tissues of com- 
patible branches, as occurred in incompatible ones. Com- 
patible pairs appeared healthy during the whole course of 
the study and showed a very low mortality. Mortality 
occurred in only one replicate of combination H J, where 

tissue necrosis had started, however, away from the site 
of tissues contact, at the attachment point of branch J to 
the holding clip. 

Discussion 

Incompatible allogeneic responses 

We have documented here a nontransitive scheme of allo- 
geneic overgrowth hierarchies among incompatible 
Millepora dichotoma colonies, similar to the allogeneic 
hierarchical patterns of the scleractinian corals Sty- 
lophora pistillata (Chadwick-Furman and Rinkevich in 
press) and Acropora hemprichi (Rinkevich et al. 1994). In 
the only other hydrozoan (Hydractinia echinata) for 
which a hierarchy of allogeneic interactions was estab- 
lished, a transitive pattern of overgrowths was revealed 
(Ivker 1972). It has been suggested that this transitive 
hierarchy is correlated with the relative growth rate of 
interacting colonies. Fast growing H. eehinata colonies 
were located higher in this hierarchy than relatively slow 
growing ones. Such correlation has not been tested in S. 
pistillata (Chadwick-Furman and Rinkevich in press), A. 
hemprichi (Rinkevich et al. 1994) or M. dichotoma (pres- 
ent study). However, the nontransitive pattern of hier- 
archies found in these corals suggests that other mecha- 
nisms may shape the outcomes of interactions in addition 
to the supposed relative growth rates. 

The nontransitive hierarchies reported for allogeneic 
interactions in Stylophora pistillata (Chadwick-Furman 
and Rinkevich in press) and Acropora hempriehi 
(Rinkevich et al. 1993) differ in two main characteristics 
from the primary overgrowth in Millepora dichotoma. 
(1) Time-scale: alloimmune responses were stabilized in 
S. pistillata after more than 1 yr, and in A. hemprichi after 
up to 7 mo. In M. dichotoma, in contrast, short-term 
bioassays of 3 to 10 wk were enough to reach a primary 
alloimmune responses. (2) Repeatability: all assays done 
on S. pistillata (Rinkevich and Loya 1983 a, Chadwick- 
Furman and Rinkevich in press) and the vast majority of 
those done on A. hemprichi (Rinkevich et al. 1994) con- 
sistently revealed a one-way pattern of overgrowth direc- 
tionality. In M. diehotoma only 78% of incompatible al- 
logeneic combinations showed this pattern for primary 
responses. 

The secondary allogeneic responses were much more 
variable, and a pattern in the type, vectoriality, duration 
or severity of response could not be established. This 
resembles the results reported for xenogeneic antagonis- 
tic responses between competing coral species (Baket al. 
1982, Logan 1984). It is possible that this characteristic of 
secondary allogeneic responses in Millepora dichtoma re- 
sulted from other biological and environmental parame- 
ters (cf. Bak et al. 1982) rather than from effector mecha- 
nisms directly correlated with the process of nonself 
recognition. This suggestion is also supported by the ob- 
served declining condition (state of health) of interacting 
branches over time, which is followed by the increased 
number and size of tissue death (Table 1). During the 
development of primary responses, all interacting 
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branches were in good condition; therefore, primary allo- 
geneic responses may be regarded as genuine characteris- 
tics of nonself recognition phenomena. 

Compatible responses 

In the cnidarians, recontacting separated clonemates re- 
sult in tissue fusion. This type of fusion is characterized 
by the formation of continuous tissue and skeleton, 
where applicable, across the contact area. Fusion be- 
tween allogeneic tissues in various cnidarian taxa has 
been reported by several authors (e.g. Hauenschild 1954, 
1956, Buss etal. 1985, Heyward and Stoddart 1985, 
Resing and Ayre 1985, Willis and Ayre 1985, Yamazato 
and Yeemin 1986, Chornesky 1991, Shenk 1991). Skeletal 
fusion alone (without tissue fusion) has also been report- 
ed (filling: Ports 1976; cementation: Bak and Criens 1982; 
interdigitating skeletons: Chornesky 1991). This skeletal 
fusion offers some ecological benefits to interacting 
colonies, by contributing to the mechanical rigidity of 
fused partners as compared to separate fragments. Skele- 
tal fusion also results in increased survivorship of ce- 
mented partners as compared to isolated ones (Bak and 
Criens 1982, Chornesky 1991). On the other hand, skele- 
tal-fused colonies are not physiologically united like tis- 
sue-fused ones: In Stylophora pistillata, a microscopic 
gap of < 10 ~m demarcates both~allogeneic tissues in a 
cemented pair of colonies (Rinkevich and Loya 1983 a), 
and in Hydractinia eehinata, an electron-dense fibrous 
barrier is formed between the tissues (Buss et al. 1985, 
Shenk 1991). Previous studies also revealed that the de- 
calcification of skeletons in calcareous taxa always result- 
ed in the separation of skeletal-fused allogeneic pairs 
(Bak and Criens 1982, Rinkevich and Loya 1983 a, 1985). 
This is not the case where tissue fusion occurs. Tissue 
fusion in corals is always associated with skeletal fusion, 
which is mechanically more stable than in cementation 
of histoincompatible colonies (Bak and Criens 1982, 
Rinkevich and Loya 1983a, b, present study). Further- 
more, such skeleton cementation is not only restricted to 
allogeneic or xenogeneic encounters, but also occurs be- 
tween Millepora dichtoma and biologically inert objects 
(e.g. the clips which held the branches: Fig. 1 d). 

The lower mortality rates and the apparently better 
condition of compatible pairs, as compared with incom- 
patible ones (Table 1), suggest again that the antagonistic 
responses between incompatible branches (probably not 
all expressed on the morphological level) may have signif- 
icant costs (Ivker 1972, Rinkevich and Loya 1983 b, 1985, 
Rinkevich and Weissman 1987). At present, we do not yet 
know whether two compatible allogeneic Millepora dich- 
toma fragments continue to coexist after fusion as a sec- 
torial chimera, where cells of neither of the partners inter- 
mix, or whether cells migrate between genotypes. In- 
tergenotypic migration of interstitial cells may lead to 
somatic cell parasitism of one genotype over the other by 
replacing the other partner's soma, or to germ cell para- 
sitism by introducing foreign germ cells into the develop- 
ing gonads (Buss 1982, Rinkevich and Weissman 1987). 
Furthermore, information on a possible correlation be- 

tween genetic relatedness and allocompatibility is not 
available. 

Bak and Criens (1982) interpreted tissue fusion be- 
tween spatially-distinct Acropora palmata and A. cervi- 
cornis conspecifics to indicate clonemates, which were 
previously separated during colony fragmentation. Here, 
on the other hand, we have twice demonstrated that 
Millepora dichtoma colonies may fuse with other specific 
allogeneic entities. In the first case colony C fused with 
both colonies A and G. If indeed these three colonies (A, 
C and G) had been subclones belonging to only one geno- 
type, colonies A and G should have fused as well. Instead, 
colony A repeatedly overgrew G in all eight studied repli- 
cates (Fig. 2 and an addition set of assays). A, C and G 
are therefore distinct genotypes. In the second example, 
the compatible colonies H and J (which fused in all eight 
assays) belong to two distinct genotypes, too, based on 
their extremely different positions in the network of 
colony hierarchies (Fig. 2). Colony J, the most superior 
colony, overgrew seven colonies, whereas H, the most 
inferior one, was overgrown by seven colonies. These 
results further support the conclusion that tissue compat- 
ibility assays are not an appropriate tool for assessing 
clonal identity in cnidarians (cf. Heyward and Stoddart 
1985, Resing and Ayre 1985). In addition, these assays 
may provide some insight into the way in which Millepo- 
ra dichtoma colonies distinguish self from nonself. As in 
Hydractinia echinata (Hauenschild 1954, 1956) and in 
botryllid ascidians (Oka and Watanabe 1960, Sabbadin 
1962, Scofield et al. 1982), partial matching of allotypic 
determinants is enough for the recognition of self and the 
consequence fusion of allogeneic colonies. 

In the field, tissue compatibility among nonclone- 
mates may result in the formation of chimeric colonies. In 
Hydractinia echinata allogeneic partners in chimeras sep- 
arted shortly after fusion (Shenk and Buss 1991). In 
Millepora dichtoma, in contrast, we did not record any 
evidence for separation in any of our 24 allogeneic 
chimeras following an observational period of 8 mo after 
fusion. It is therefore also possible that the non-repro- 
ducible directionality of primary overgrowth, recorded 
among replicates of seven allogeneic combinations (AE, 
AF, BC, FD, FG, IH, I J; Fig. 2) resulted from sampling 
different regions of chimeric colonies. 
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