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Table 2, EF¥EOTS ON VEGETATIVE GROWTH AND OOGONIAL FORl!ATION 
01' THJI .ADDITION IN ALL POSSIBLE CO.MB!NATlONS OF FOlTR ADDIT!VRS TO 

A FORTIFIIllJ BA~AL MEDIUM: 

(Data listed are averages of triplicu.te determinatloDJl per treatment) 

Fortified basal medium• plus: 
X-no additive control 
Mo-molybdenum t 
Cu-coppert 
Mil-manganese t 
Zn-zlnot 
Cu,Mo 
Mn,Mo 
Mn, Cu 
Zn,Mo 
Zn,Cu 
Zu,Mn 
Mn, Cn,Mo 
Zn, Cu, .Mo 
Zn,Mn,Mo 
Zn, Mn, Cu 
Zn, Mn, Cu, Mo 

H.S.D. levels t < 05 
<IH 

Jlfycellurn weight (mg) No. of oogonia 
6 days 21 days 21 days 

73 77 313-I§ 
69 71'1 II-I 
M 00 0 
~ w 0 
U M 0 
07 83 111-I 
70 93 713- M 
M 00 0 
U M 0 
W M 0 

104 86 3,1l47-M 
u 00 0 
61 60 0 

107 86 2,990-M 
106 85 3,570-M 
104 87 3,4sa-M 

!3 6 717 
15 7 843 

• Basal medium fortified with cholesterol, thiamine, calcium, and Iron at 
concentrations lie ted in Table 1. 

t Added at the concentrations and in the salt forms listed in Table 1. 
t Ilonestly significant test between any two means (method of Tukey (ref. 

~)) a.t the 1 per cent and 5 !Jar cent conftdcnce-levels. 
§I, Immature; M, mature. 

and 6-day mycelial weights than any of the media not 
containing both of these metals- The control and the 
manganese- molybdenum treatment are the only media 
which produced an appreciable number of oogonia without 
having both zinc and manganese present. By factorial 
analysis, both the latter metals were found to produce 
highly significant main factor effects. For vegetative 
growth, zinc had tho greatest stimulatory effect; on 
interaction the effects of zinc and mangamme tended to 
be additive. Copper and molybdenum Rhowcd no sig
nificant main factor effects. However, copper interacted 
significantly with the other three metals to inhibit vegeta
t.ive growth, although it showed no effect on oogonial 
formation. As for tho provious experiment, the 21-day 
mycelial weight results were not interpreted because of 
extensive autolysis. 

Fothergill and Hide5, working with four other species 
of Pythium, found that calcium, iron, trace minerals and 
thiamine had no effect on growth (no sterol was present). 
We found that all thcso additives stimulated the growth 
of P. graminicola, whether tested with our basal medium 
or with the media of Fothergill and Hide. This difference 
is undoubtedly attributable to a difference in the requi.J:e
ments of the species and isolates employed. Similarly, 
we found that Pythium vexan.~ and P. arrhenomanes 
producod oogonia on Czapek's medium plus sterol, in the 
absence of zinc, manganese and calcium8 • In addition to 
this, Hendrix1 found that sterols induced sexual reproduc
tion in Pythium periplocum and Phytophthora magasperma, 
although his basic medium contained no zinc, manganese 
or calcium. It is apparent that some species of Pythium 
have much more exacting metal ion requirements for 
reproduction and growth than do other species. 
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Protandrous Hermaphroditism in Decapod 
Prawns of the Families Hippolytidae and 

Campylonotidae 
PROTANDROUS hermaphroditism, or the changing from 

the male sox to the female dul'ing the growth of the same 
individual, is now well known in certain northern-hemi· 

sphere commercial prawns of the family Pandalidae, 
namely, species of tho genera Pandalus (P. borealisi, 
P. danae1

, P. hypsinotus1, P. kessleri2, P. rrwntagui8 and 
P. platyceras') and Pwndalopais (P. dispar1). In the Hip
polytidae, this phenomenon has been demonstrated in 
two European and Mediterranean species of Lysmata, 
namely, L. seticaudata (the first decapod in which pro
tandry was recognized') and L. nilita•. 

In 1959, Carlisle• summarized our knowledge of sex 
reversal in decapods, discussing tho aforementioned 
groups and adding the burrowing axiid Oalocaris macan
dreae. The latter, however, has since been shown7 not 
to be a protandrous hermaphi'Odite, but a functional 
hermaphrodite throughout life. Recently I recognized 
protandry in the Australasian, archibcnthal slope species 
Oampylonotus rathbunae Schmitt and discussed the changes 
in secondary sexual characters involved•. A partially 
sympatric pandalid, now known as Notopandalus mag
noculus (Bate), is not a protandrous hermaphrodite. 
Another species in the southern, monogeneric family 
Campylonotidae, the Magcllanic 0. semi!Jtriatus Bate, 
was also shown to be protandrous from a re-examination 
of the Challenger type material in the British Museum 
(Natural History). 

Prot,andry can now be recorded in the Magellanic and 
Antarctic hippolytid Chorismus antarcticus (Pfeffer). A 
collection taken at Isla Navarino off the southern coast 
of Tierra del Fuego during the Royal Society Darwin 
Memorial Expedition to Southern Chile, 1958-59, con
sisted of males of carapace lengths 6·5-10 mm with a 
well-developed appendix masculina. on t.he sooond pleopod, 
intersex specimens of 10-10·5 mm with a vestigial ap
pendix masculi.na and females of 12-13 mm with no trace 
of this appendix. 

It was also considered likely that the Indian Ocean and 
Australasian subantarctic hippolytid, Nauticaris marionis 
Bate, would prove to be protandrous. Preliminary 
examination of recent collections from Auckland and 
Campbell Islands in the New Zealand subantarctic, and 
f!'Om deep water off southern New Zealand, revealed 
that all the large specimens were female, mostly ovigerous, 
while the smaller specimens were largely male. Detailed 
examination, however, showed males with a well-developed 
appendix masculina of carapace lengths 4·5-7·5 mm, no 
recognizable intersex specimens and females of carapace 
lengths 4·5- 11·5 mm. This species, then, does not show sex 
reversal, but mature females do reach a much larger size 
than males. 

Protandrous hermaphroditism in decapod Crustacea 
appears to be restricted, so far as our knowledge goes, to 
two genera of northern boreal and temperate pandalids, 
two MediteiTanean species of the hippolytid Lysmata, 
the antiboreal South American and circum-Antarctic 
hippolytid Ohoristnus and at least t.wo species of the anti
boreal South American and deep-water Australasian 
palaemonoid Campylonotus. The three families represented 
arc not closely related systemically, each presently being 
placed in a different super-family9, and besides the rather 
tenuous zoogeographic relationships (? analogous to 
bipolarity) no link, other than that of reproductive 
physiology, can be seen. 
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