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Morphology of Plumulariidae hydroida in Taiwan

Yi-chiun Yeh
[
Advisor : Dr. Hin-kiu Mok
Institute of Marine Biology, National Sun Yat-sen University
Kaohsiung 804, Taiwan, R. O. C.

Thesis Abstract

The present study adopts taxonomic methods to analyse the colony ,
hydrantheca, and gonotheca of the Plumulariidae hydroids occuring in the
coastal water of southern Taiwan. The specimens were primarily collected
from the Hengchun Peninsula and Kao- Ping coastal area. They can be
identified to subfamilies according to colony and hydrantheca
characteristics, but the relevent genera can not be classified without data of
the gonotheca. It is revealed that seven species of Plumulariidae hydroids
occured around Taiwan. One specimen which was earlier identified as
Aglaophenia whiteleggei is different from the one from Australia where
the holotype was collected. According to its gonotheca form, it is
suggested to belong to Lyfocarpia. However, it needs to be compared to
another relevent species in Japan before a more confirmative conclusion
can be reached.

Among the nine relevent species of Plumulariidae studied, the
quantative data of hydrantheca forms can be used to proceed principle
component analysis and discriminant analysis to discrimine them. The
method can also be applied to the problem of identifying sibling species.
The phylogenetic relationships of the genera in Aglaopheniinae and the six
species in the genera Aglaophenia and Lytocarpia are discussed.
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= ﬂ"ﬁﬁ;’kﬂ%}.{zlg!aophem’u cupressima W& MG o oo 29
Table 1. Morphological data range of Aglaophenia cupressina.

£= - iﬁﬁﬁ/}(&ﬂé’ﬂ Aglaophenia divaricata Y GEME © v 30
Table 2. Morphological data range of Aglaophenia divaricata.

F£= ~ 8B/KE8( Lytocarpia sp. A )ﬂ‘]ﬁ?fﬁé}ﬁ‘ﬁ & et et 31
Table 3. Morphological data range of Lytocarpia sp. A.

09 « A /k4E( Lvtocarpia sp. B YWITAEII o oo 32
Table 4. Morphological data range of Lyrocarpia sp. B.

£TF - HAkis( Macrorhynchia philippina YWTAETIHE © oo 33
Table 5. Morphological data range of Macrorhynchia philippina.

5 « ka8 (Macrorhynchia phoenicead) BTG © «oovovvvvveninerciens 34
Table 6. Morphological data range of Macrorhynchia phoenicea.

£+ « AW /KE8( Dentitheca hertwighBITEAETIHT © oo, 35
Table 7. Morphological data range of Dentitheca hertwigi.

s/~ FA/KEB( Sertularia versinysi YTAABTIE © oo 36
Table 8. Morphological data range of Sertularia versinysi.

£, - FREAENEREECEBEEITIGME © 37
Table 9. Mean of seven variables of hydrantheca in ten hydroids.

T+ FRGOITHAERERERIRIREIE o 38
Table 10. Eigenvalues of the Correlation Matrix in Principle Component analysis.
Fot— « EBESHTHITIBERBL = oo 39
Table 11. Agglomeration Schedule using Average Linkage.

T+ - SRR RESEEBETTERRER ° 40
Table 12. Cluster membership od cases using average linkage.

= BB R o oo 41
Table 13. Univanate statistics and exact F statistics of seven variables in ten species
of hydroids.

oAU « SRR EGETHIEL o e 8

Table 13. Multivariate statistics and exact F statistics of seven variables in ten species

of hydroids.

LA - R EB(Fishers ARTERETIBRID = 43
Tabie 15. Classified tunction coefficients.

A5+ ST IT Z IR B o o 44

Table 16. Classification result of cross- validation.
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Table 17. Cannonical discriminant functions.

ST~ AR ORI R » 46
Table 18. Standardized cannonical discriminant tunctions coetficients.

FEF)U~ RERHTBIL IO R R S A AR - 47
Table 19. Struct:are matrix: pooled within-groups correlations between discriminant
variables and cannonical discriminant function.

BT [ BRI AR B . 18
Table 20. Stepwise selection of variables in stepwise discriminant analysis.
Rt PR PUIETRRIEL * oo 49
Table 21. Key to four subfamilies in Plumulariidae.

R~ PMERI PSR © oo e 50
Table 22. Characteristic distribution of four subfamilies in Plumulariidae.

RoT= - RPN S RS AR G- 51

Table 23. Plesiomorphic and apomorphic characteristic distribution of hydrantheca in
ten species of hydroids in Plumulariidae.

F g - R A R A T M o oo 52
Table 24. Plesiomorphic and apomorphic characteristic distribution of gonotheca in
seven species of hydroids.

F_+F - Aglaopheniinae NE B outgroup ( Kirchenpaueria - Plumularia)i¢i
BRZII © e 53

Table 25. Characteristic distribution of five genera in Aglaopheniinae.
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Fig. 1. Sampling areas of eight species of hydroids.

Bl— - A ZHSRLKSER BN Lytocarpia sp- A) s Br HABET FAGSFHERS
R, C: SosFallhe EOO4PEM o oo 55
Fig. 2. A: Colony form of Lytocarpia sp. A. : B: Phylactocarp on hydrocladium. C:
Gonothecas on Phylactocarp.

W= - A %ﬁﬂ*ﬁ%ﬁ/j»&j%ﬁﬁ%ﬁé{ Lytocarpia sp. A) ; B:n: $FI15
BE b HROER, ¢ AEBEE, i HE m: FRIRIEER, © DRSS e,
L BURIRRIER o 56
Fig. 3. A: Hydranthecas on hydrocladium in Lytocarpia sp. A. ; B: n: Height of
medium nematotheca to hydrantheca rim; b: Width of hydrantheca; t: Depth of
hydrantheca; I: Length of internode; m: Length of medium nematotheca; f: Length of
free end of medium nematotheca; I: Length of lateral nematotheca.

g - ERI ISR FRAREEE - A Lytocarpia sp. A : B: 4. cupressing, C: A.
divaricata » BERBEEMIES ImMM..oooio 57
Fig. 4. Phylactocarp or corbula in Aglaopheniinae. A: Lytocarpia sp. A : B: A.
cupressina, C: A. divaricata.

BF - A cupressina 4 A: g, B: BEE.C: REZERE . 58
Fig. 5. A: Colony form of 4. cupressina : B: Hydrantheca; C: Corbula.

7L () ~ RRSE T RS T 4. cupressing (4 D: B8, E: MEZRE -
..................................................................................................................................... 59
Fig. 5 (continued). Scanning electron microscope of A. cupressina D: Hydrantheca of
A. cupressina; E: Corbula.

B 4. divaricata # A: B, B BEE.C WMEZRE 60
Fig. 6. A: Colony form of 4. divaricata ; B: Hydrantheca; C: Corbula.

B 7<) R B F BB T A. divaricata #D: BRES: E: DU FERERE R -
Fig. 6 (continued). Scanning electron microscope of 4. divaricata D- Hydrantheca : E:
Gonotheca- like structure.

B AGRY) - R FEMBT R A divaricata 1 F: 82 KT G- b il
KIFEE -

Fig. 6 (continued). Scanning electron microscope of A. divaricata F- Base of Corbula:
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G: Front of corbula.

G Lvtocarpu sp. A T4 A BEE®: B: 55 2 W Co R 208 -
Fig. 7. A: Colony form of Lytocarpia sp. A; B: Hydrantheca: C: Phylactocarp.

e Ot) ~ Fdi 20t BB R Lvocarpia Sp- AT D TR B TRHERG B
Fig. 7 [continuéd). Scanning electron microscope of Lytocarpia sp. A D:Hydrantheca;
E: Phylactocarp, F: Gonotheca- like structure.

B/ Loop BUHG A BHEL B BN C SRS TR TS R U -
............................................................... e B3
Fig. 8. A: Colony form of /. sp. B; B: Hydrantheca; C: Scanning electron microscope
of hydrantheca.

B« Macroriynchia philippina ] A: B8 B BEE, C FHEEIE
..................................................................................................................................... 66
Fig. 9. A: Colony form of Macrorhynchia philippina;, B: Hydrantheca; C:
Phylactocarp.

B8 - RENETFEMS T D S88 E “TEEL F ETEREAEIEN S
B o e 67
Fig. 9 (continued). Scanning electron microscope of Macrorhynchia philippina D:
Hydrantheca; E: Phylactocarp; F: Eggs in gonotheca.

@+ - Macrorhynchia phoenicea 5 A: S, B BEE.C TR HE -
................................................................................................................................... 68
Fig. 10. A: Colony form of Macrorhynchia phoenicea; B: Hydrantheca; C:
Phylactocarp.

B () - FEXETFEMETY Macrorhynchia phoenicea 4 D: EHEE <F
AILZIORE © oo 69
Fig. 10 (continued). Scanning electron microscope of Macrorhynchia phoenicea D:
Hydrantheca; E: Phylactocarp.

Bi-— ~ Dentitheca hertwigi (] A: B¥E8, B: &8 C MEETEAETS
BEZIORE o 70
Fig. 11. A: Colony form of Dentitheca hertwigi, B: Hydrantheca; C: Scanning
electron microscope of hydrantheca.

B+ - Sertularia versinysi ] A Ef8, B: Z&8. C ShEEC e - 71
Fig. 12. A: Colony form of Sertularia versinysi;, B: Hydrantheca; C: Gonotheca.
- (8F) - BB FEME T Sertularia versinysi D: B84, E: £
Fig. 12 (continued). Scanning electron microscope of Sertuluriu versinysi D-
Hydrantheca; E: Gonotheca.
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philippinu . 6: Dentitheca hertwigr, 70 ML phoenicea: S: Sertuluria versinyse, 9: A,
PIUMAY > e 73
Fig. 13. Plot of principle component | and principle component 2.

B0 HRAS LA ST REAERE - RILRBES T A S TR IR Aw: A,
whitelegger, A(;: A. cupressina, Ad: A. divarocata;, La: Lytocarpia sp. A ; Lb: [.. sp. B;
Mpi: Azlacmrhyrfghia philippina , Dh: Dentitheca hertwigi; Mp: M. phoenicea: Sv:
Sertularia versinysi; Ap: A. pluma) o ..o 74
Fig. 14. Cluster analysis of ten species of hydroids (By dissimilarity).

B+ EHEREEE— - SRR R A B ERE - MTESEIE LA
cupressina; 2: A. divarocata;, 3: Lytocarpia sp. A ; 4: L. sp. B ; 5: Macrorhynchia
philippina;, 6: Dentitheca hertwigi; 7: M. phoemcea 8: A. pluma; 9: A. whiteleggei ;
*FREMET Ol(centroid) © oo 75
Fig. 15. Territorial map of cannonical discriminant function 1 and 2. '

@75 » Plumulariidae "FPUSER}Z 5 AFBI(K: Kirchenpaueriinae: Ac: Acladiinae:
P: Plumulariinae; Ag: Aglaopheniinae) e ... . 76
Fig. 16. Cladogram of four subfamilies in Plumulariidae.

B+ R R ARSI R 2515 A: dglaophenia: L:
Lytocarpia ; M: Macrorhynchia ;, D: Dentitheca ; C: C ladocarpus) o ... 77
Fig. 17. Cladogram of five genera in Plumulariidae by hydrantheca character.

Bi/\ - B R BT B ISP B (17 554 B 55 A: Aglaophenia; L: Lytocarpia ;
M: Macrorhynchia ; D: Dentitheca ;, C: Cladocarpus) o ... 78
Fig. 18. Cladogram of five genera in Plumulariidas by gonotheca character.

[+ - Aglaopheniinae ZEFHA F1 MBELEES | 4H (Kirchenpaueria  Plumularia)f<(s
FFBI(K: Kirchenpaueria; P: Plumularia; M: Macrorhynchia; C: Cladocarpus; C*:
Cladocarpoides; L: Lytocarpia;, A: Aglaophenia) »
Fig. 19. Cladogram of five genera in Aglaopheniinae.

B — -+ 72¥87K48( Lytocarpia sp. A ) HIAHREERA - PR RAEFEELREFTGAILLS
BG/ TB & B4 RS 8 A (S B M8 o oo 80
Fig. 20. Reproductive season of Lytocarpia sp. A.

Bl —+— - ZA7KIE( Lytocarpia sp. A ) HOBHREA/INELBY SO A FERESY B (TR
Fig. 21. Correlation relationship of colony size and no. gonothecas per colony.
B~ - ZARKIE( Lyrocarpia sp. A ) ((EEHE R NELERECH B4 REMSOGREUR B
FETRBRAREA(*, <0.05) o oo 82
Fig. 22. Correlation relationship of colony size J.nd no. hydrocladium with
gonothecas. :

No. Hydrocladium with Gonothecas
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il bl AR Lyvtocarpia sp. A ) (B A/ it IO L T £
FMLFCBIWLLAG BG/ TB) MIBMERRANNS) » oo 83
Fig. 23. Correlation relationship of colony size and ratio of hydrocladium with
gonothecas per total hydrocladium

el =09 ~ PAEKBE( Leocarpia sp. A ) ()4 R BRI ML 5 b F =
Fig. 24. Distn'buflion of gonothecas in colony.

B =71 - ZA97KEE( Lytocarpia sp. A ) BT M A RS B B & AR,
P<OOLY) ® oo e ettt et v s s e 85
Fig. 25. Correlation relationship of no. phylactocarp and no. gonothecas.
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Brgg— - Aglappheniinae TERIHBEITAERE © oo 86
Appendix1. Key to genera. in Aglaopheniinae. - -

HISE™ « Lytocgrpia sp. A (SEREES-HACHES |- B8, 2 sl 3. chvss. ¢
PE. S: B, 6. FT, 7 BT 8 BERAKE: 9 &*E 10: 2R, 11
Y, 5k D: 1Bk TIEH) -

Appendix 2. Sampling areas of Lyracarpra sp. A.
M= - ERKIBRERRHA(HEES | BT 2 FOBE; 3. s 4 e s %5
Ol 6 FIT, T WA, 8 MERAKE; 9 HKE; 10: BE; 11 SN

- 75D BK; TIEHE) - SO OUNTOUR . +
Appendix 3. Sampling areas of seven species of hydro:ds
WIERPY ~ KLRHAWR7KIE (Aglaophenia cupressina Y BRERIT RS © .........89
Appendix 4. Data of hydrantheca in Aglaophenia cupressina.

%Eﬂig

KiskT - B¥ki8(4glaophenia divaricataE BB AERIEZ.l o oo 90
Appendix 5. Data of hydrantheca in Aglaophenia divaricata.

Bf7S ~ ZA887KEB(Lyrocarpia sp. A YEREAERIEERL o oo 91
Appendix 6. Data of hydrantheca in Lytocarpia sp. A.

ffskt - 8oke8(Lyrocarpia sp. B YS R EREL © oo 9D
Appendix 7. Data of hydrantheca in Lytocarpia sp. B . _
fisk/\ - ZA8/K48(Macrorhynchia philippina /& BT EHEER o ... 93
Appendix 8. Data of hydrantheca in Macrorkynchia philippina .

B8R « ZAMS K98 (Macrorhynchia phoeniceayB BTG EETE - ... 94
Appendix 9. Data of hydrantheca in Macrorhynchia phoenicea.

fiek+ - AW k8 (Dentitheca hertwigi B BRMTAERIERTR: oo 95
Appendix 10. Data of hydrantheca in Dentitheca hertwigi.

M$ft— - 7KdB(Sertularia versinys| S BAGTABBIERTRL o o 96
Appendix 11. Data of hydrantheca in Sertularia versinysi.

Mgkt — - ZA88/ki8(Aglaophenia plumaYEBRETAERITERR o oo 97

Appendix 12. Data of hydrantheca in Aglaophenia pluma.

ffsk+ = - S 4RAAME/KIS(Aglaophenia whitelegge) B BB ERIEZRL - .98
Appendix 3. Data of hydrantheca in Aglaophenia whiteleggei.

ISk 1Y ~ SRR MRV E (TR IR Ac: A cupressina; Ad: A.
divarocata; La: Lytocarpia sp. A ; Mpi: Macrorhynchia philippina; Mp: phoenicea:
Sv: Sertularia versinysi) o ... 99




HESe [ L TSR AR (AT T P OIS P T 80 TR S A2 A .
cupressing, Ad: A. divarocata, La: Lytocarpia sp. A . Mpu: Mucrorhynchia philippina;
Mp: phoenicea, Sv: Sertularia versinyst)

Appendix 135. Cluster analysis of six species of hydroids by gonotheca characters.
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PSRN Plumulariidae, Hincks, 1868 » reviewed by Stechow, 1923)
HUKIEE BRI E S EME - B2 - IR Agassiz (1862
reviewed by Svoboda and Cornelius, 199 1)&45Ci#2H » 822 Hincks
(1868 - reviewed by Stechow, 1923 LBl EHES © HE5 (theca) » E
RO EREETR - BEES  MEBFHEFERY  SBEY
CTE (hypostom)M A - 5& % ELR#43%(nematophore) ; /K FHE - 7708
PUKBBRSEENRENR  BEEEEELE - 2HFEEPERS
2T BREIZHISERTEEE IR - KFESER  TENes5
B AIHE H4<( Yamada & Kubota, 1987) - &&( Park, 1992, 1993) -
HEIARE( 3, 1988) - Z(HEEN( Bale, 1888) A48k -

—RRIREHET > B zooid) FRITE TN R R EZ
YMNE RS INE R B RSB ( Hydanth) - ER4EFES £7EE
( Gonophore) - E =[5 Z F/#&( Nematophore) - K T RFPEATIEEE
( Hydrocaulus)~ & 484% (Hydrocladium) Z#%:E - 48R Plumulariidae)
HIKIE R BEERET EE B R E A Er Eam s e
(Nematophore) (Hincks, 1868; Millard, 1975 » both reviewed by Svoboda,
1991) - #E514E2EM £ - PUERY( Plumulariidae) EAETHEERL » 4351
7= Kirchenpaueriinae + Acladiinae - Plumulariinae ] Aglaopheniinae >
H o e R AR R B A SR R B 44 -

KISHEF B U ERBIPERTERE - AN EREBBN
EfER— R EAR  FERNEREMNEANGHEMER - SUENES - £7E
EERERE LEHAIEEE RNER - RTHOEFEESEEY
EFEESL - B EEAE HE L IEAFERI (nematocladium) AR AR

|



REAERE( ASTHEAEEEE) B R L SUESERE AN
TR TS 5 B 3 B2 E S5 S R ML A B e 1 o g 4
B EE D -

A0LA Aglaophenia whiteleggei STZEE » TR i) B
BB ERBI SIS S EIRE( %, 1988; Ling, 1938) - ERZH4E
TEESTURE.ZFASE - 1F SR SCRR( Bale, 1888) PR AR ERL
SRR S R SE S I REELET B Lytocarpus + Halicornaria B
&S HR  BIRSE BE8HOT SEQ0FF 1 ( hydrantheca-margin) S
MEges - HHIR Lytocarpus BRI A BA —EEE - TS A
Aglaophenia [ - {4475 S T EE R ARESTE Lytocarpus B
(Ling, 1938) » #UE A0 & BB A SO E AL T8 - T ST T e — /e
FIRRE -

Bogle( 1984) EHF7% Aglaopheniinae S5} 1 Cladocarpoides B —
/KR BRI ER BRI ARERREMNT - HAEYEEEZ (RS
FEAE AT - HSrRify + kB S 985 hydrocladium) £9433% »
FRIFAESLE Cladocarpus ZREAVESIEREA L » 2 58—
B2 R - i e] RA T AR M S 5 B - (B8
T — AR A FER T S BRI BT 4 a8 & 206 T LI Baa T
CHRERBVESTENERS WA e S R e R
FEREAE - BB FeR RS Bl EE » ffaiiz &
THFREERLE  REE S -

ARIUA A BEF L BROPER KB BERSESSE
77 » Ll Aglaopheniinae S5ff9 88 - H X S faas. B
B BRI TIRE ZFF LB R FR 4 I &SP 7% ( Phylactocarp) (882
( Corbula) (Millard, 1975) - ERHmEE +/ AW ZHEE—) &

2



(EARRRZE R EAC 84 =8 Macrorhynchia ~ Lytocarpia F1 Aglaophenia
HAFTE/KIEEEBO O MIER - HLL Aglaophenia BRI REEHT:
EEES BErEEFENER BT @EEFE @t -+ 2
R I CE S T S AT RS O R MR KB B B R e
FEBSLETZ RS B S AR 2 Sertulariidae BHELES - R aafiE( &
Plumulariinae ¥ Dentitheca hertwigi)EL#E ~ 1 Aglaopheniinae PN /BL]
( Aglaophenia - Macrorhynchia - Lytocarpia - Cladocarpoides
Cladocarpus ) Z3EZRR - TERWRFESHIEEE - £HEST
BEVESSERE o FHBESENEFH7( Cladistics) RETETT
7 ETEEEERIRCEEET o A - B Lytocarpia BT
Aglaophenia whiteleggei FIIEAR L A TEREHHE — VL EHE -

*
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(—) ~ BRELEREE » ZRIFEELRTF

RRBNAT—FNAZEN+ZE+— A §FED—REEZ
EBA—X EEELECETE( AR T=EH+AR) B =
THAR) BEER—EARUEL) - 7% - 77 - =R AKE
(€ /\2R) Ba( = =ZAR)EtmnEAES B—)  LUKT#
1R 28( Remotely Operated Vehicle, ROV) ~ 187k A 2 5 F EEHeM8HE
B GETERAKE( & - =) - BEALI10% mAEAE
E 0 AT NRER R T0% R -

FrS SR8 /\FE/KEEF » Dentitheca hertwigi { BEFE¥HR) &
Sertularia versinysi ( EFREE Y BIEHEIYFILIKEEEL YR
Fre R SRIEIR BN BRI B EEEGR SE TR - S aE
S AIEE BN VictoriaE#8E (Museum of Victoria)#Dr. Stranks ~ &
Ruhr KX2Dr. Svoboda FTfEEHIA. whiteleggei F1A. plumatZzK
(D)~ PEHIE :

SRR - BRE - FERMOPE - AEEBRR(TL, HE
88 ISR RIS H) « IBRAIBETR(NL) EHEK(NW) - 858
(BN, B4 ZRIBE) - EFEMETEIES b2/ MBI MO) ~ /M E
ZBERBYE(HN) - S4FERZIBRE( BO) ~ 184X F<FEREE
(PN) - £FERBE(GN) REAHFRETSMHUE( oL -F - T=
REMIE, B) - fEARSIEEAGH( Wild MPS 45) THREREL4ATHES 28
BV EEREREE I RESF( Branson 3200) FEESTEX -



B T A REIT &8 WHIREPE  FOSE () - MO
CIE( B) ~ /KSR T) » BiRR(D ~ PRIFIBRE(N) - HifFmm
E(F) REM#HEE(L) ( BS) - BEEBmIERARE » B
50% FLEETIE A40°C HEFER =R( Svoboda, 1992) » B EANELESE
B E(Gn) RIFIEREGHRA  ACSKkEERETKIEREHE
(H) » $EE5ZE(C)) - EES T /KEMEE(H2) - FIFER

( Nn) ~ 4JE#E(Gl) HEKEE(Gd) ( M) - Lytocarpia
Cladocarpoides B Cladocarpus BARAFEZ REERIAIF[E
Bz -

(=) s EE -

SREY BSOS R A TERE - ARREDNN80% ~ 95% ~ 100%
B RS thEe k& —/ NE B E 100% ERAE LB IEERL 1(V/V)
KRAHEEAE  BAMZBRES ENE - B TERN
#( HCP- 2 CPD Hitachi) - FEE7T484:( E101 ION SPUTTER Hitaci) -
1% DA R B T EEMS( S- 2400 SEM Hitachi) BRE -

(IG) ~ RET % -

i ssgmam | A REBMEECERAG S BT IR R - ETEYE
SHESHT - ERUERGITE AFLL, 19881 CTRRBHEZRERGR
MRS DU T ERERG - B TS HESE  WUSREE
BB e BT AR BE - LU BE4E 547 Cluster analysis; Fisher, 1936)
SRS S RETEMMESN/KIESE  EOIRMEREISERIER
H o EifE— A ETERISMT(Douglas, 1991) » REEIN - BHREER
ER O BHESRFREER  REEEEENEBETD i —ER
BB R e & e AR T EN TE REANAEN: —



