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The Gametophyte of Lycopodiella prostafa.-As part of an extended study
on mycorrhizal and photosynthetic gametophytes of the Lycopodiaceae, spores
of Lycopodiella prostrafa (Harper) Cranfill, a species with an undescribed
gametophyte, were cultured. The spores were obtained from plants collected
in Cook County, Georgia and a voucher was deposited at VSU (Carter #14616).
The conditions, techniques, and nutrient medium used were those of Whittier
and Renzaglia (Amer. Fern J. 95:153-159. 2005). The system of classification
followed in this report is that of Zllgaard (Opera Bot. 92:153-1.78. 1.s87).

There are five gametophyte types in Lycopodium (s.1.). Four of the five are
mycorrhizal with the following shapes - carrot-shaped, disk-shaped, uniaxial
strap-shape, and branched cylindrical The last type, which has been reported
for Lycopodiella, is photosynthetic with a solid, more or less cylindrical base
topped with photosynthetic lobes. This study was carried out to determine if
the gametophyte of L. prostrata is this type.

Spore germination was slow. The earliest germination occurred two months
after sowing spores in i l luminated cultures, and at one year, 61 spores out of
10,000 (0.6%) had germinated. Spores cultured in the dark for one year did not
gerrninate; however, spores from these dark cultures remained viable and 142
of them out of 10,000 (1.4%) germinated after moving therr into the l ight for
seven months.

Although spores of the mycorrhizal species of. Huperzia and Lycopodium
germinate slowly and at low percentages (Whittier, Amer. Fern f. 88:106-113.
19s8), it is generally believed that Lycopodiellc spores germinate rapidly and
at high percentages (Whittier, Amer. Fem J. 88:106-113. 1998). This is not
completely true because spores from some Lycopodiella species germinate
slowly (Whittier, Amer. Fern l. 88:106-113. 1998).

Cell divisions in various planes formed a small mass of gametophyte tissue
that remained partially contained by the spore coat. At about six weeks of
growth, the young gametophyte escaped from the spore coat. At this time
a small, dark green, ellipsoidal mass of cells formed - the young primary
tubercle (FiS. 1A). Once the main body of the tubercle had a width of tso pm
or more, the first photosynthetic lobe developed at its apical end (Figs. 18, 1C).
Further enlargement of the tubercle resulted in a larger apical region where
additional photosynthetic lobes formed. The lobes were erect, narrow, and
strap-shaped with tapering distal ends.

'fhe early mature gametophytes had a short, solid, more or less cylindrical
base topped with numerous photosynthetic Iobes. As the gametophytes aged,
more lobes formed, and the previously formed lobes were displaced to the
sides of the larger base. Gametophytes at this stage are illustrated in Figs. 1D
and lE.

The gametangia usually formed at the junction of the photosynthetic lobe
and the gametophyte base. Both archegonia and antheridia developed on the
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l / t t ; . ' 1 .  ( i i t n ro l op l t y l c s  r : l  l , y r : o l t od i c l l t t  pn t s t r o l t t .  A .  I ) r ' i r r r r r l v  t r r l r c r t : l c .  I i - ( ] .  l ) r i r n i t r v  t r r l r o r r ; l o s
( ; t t ' r t t n , s )  l v i t h  I ' t t t t t r g  pho tosvn thc t i r ;  l o l r r : s  ( r ; a .  2  r no  o l r l ) .  l ) .  Ob l i r l L r c  v i t : r , t ,  o l  ca r l r , '  n ra t r r l t '
g i t l t r t : t o l t l t v t c  ( r : i t .  5  t t t t t  o l t l ) .  I l .  Ap i r ; a l  r r i cu r  o l  g i r r t t c t op l t y t c  I r : i r .  7  r r r o  o l r l ) .  l r . ' l ' r vo  i r r r ; l i cgon i i r  u ' i t h
s l tor l  I t t tcks.  (1.  ' l 'n ,o 

iur thtr i r l ia  -  onc rv i th v i r : r ' r ,  of  opcrt ; l r lar  ( jo l l  ( i l f ron ' ) .  H.  Lrrrgc gi rnrotophl tc
( t ; i t .  1t l  Ino old)  n ' i th _r ,oung sporophytc (ar low).  Rals -  1t)0 prn for  | igs.  A-( i  & i l - ( ; ,  1 ntnt  f i r
I r i i l s .  D - I .  an r l  2  n r rn  l i r r  F i g .  I I .
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voung mature gametophytes. The archegonia had short necks r-nade up of two
ticrs of neck cells exposed above the gametophyte surfacc (FiS. rF). The length
of the archegonial neck was about 70 prm long. The lerrgth from the tip of the
neck to base of  egg was about  110 pm as determined wi th opt ica l  sect ions.
Each antheridir.rm had ono opercular cell in the antheridial jacket at the
gametophyte sur face (F ig.  tG).  Opt ica l  sect ions showed the garnete masses of
t l ' re  anther id ia to be essent ia l ly  spher ica l  wi th d iamoters of  about  70 pm.

The smal l ,  voung gametophyters wi th both anther id ia and archegonia
cont inued to g i 'our  on the nutr ient  urodi tur  wi thorr t  un( lergoing soxual
reprocluct ion.  Wi th age these medium-sized gamctophvtes took on a p incush-
ion shape (Fig.  1D,  1E).  Af ter  a year  or  lnore in  cul ture,  large p i t rcr rshion-
shapecl  gametophytes fbrmed.  ' l 'ho 

sol id  basal  por t ions o1 ' lhesc gant( ) toph\1tos
were obsr ;ured by the numerous p l ' ro tosynthet ic  lobes (F ig.  1H).

Matr . r re ganretophr; tes \ \ .ere capi r l r le  of  fcr t i l izat ion i f  watcr  rvas ar l t lec l  to  thc
cul l t r res.  I r i f iy  o lder  gametophytes growing in separatc.  cu l tures produccd 24
sporoph- l , tes af ter  f looding wi th r , t ratcr .  

' l .hc 
l i ls t  nr icrophyl ls ,  which wcre

largcr  than thc photosynthet i r ;  lobr :s ,  wcre ev i r lent  t r , r ro wceks af te l  t ' loor l ing.
With in three r lonths the young sporophytes l tecame wcl l  e , 's tabl ishccl  wi th
nu rn r l r ous  rn i c l ophv l l s  g row ing  a l t ovc  t he  pho tosyn thc ( i c  l < rbcs  (F ig .  . lH ) .

The r levc lc lpnrent  of  the pr i r .nary tuben; le is  typ ical  lor  Lycoytodie l lo
garnetophytos and thc e l l ipsoic la l  or  oblong shapc is  known f rom othcr  spt :c : i t , rs
IWhi t t icr  & Rerrzagl ia ,  Anrer .  I , 'em J.95:153-1 119.  20011).  A growth f lonr  lhc lo l t
o f  thc t r r l rcrc: le ,  the in tennediate shal ' t ,  which was repor tec l  I 'nr  Lycctpodie l lo
garnetophvtcs growing on soi l  (Hol loway.  Trans.  New Zealant l  Inst .  48i2 ' t ; l -
301J.  1! l . l  6 ;  Bnrr ;e,  Anrcr .  J .  Bot .  t i ( j :115t i -1 163.  1979),  c loc.s not  devolop in  l .
prostroto r rnc ler  thesc r ;ondi t ions.  I t  appears that  the growth o l 'Lyr :oTtodie l lo
g i tnrctophytes i r . r  l t 'e l l - i l lunr inat t :c l  r : r r l t r r res prerrents tho c ler , t : loprnent  of  thc
inturrner l ia te shat i  (Whi t l ier  & Rernzagl ia ,  Amr. ' r .  I rern J.  95:1511-159.  2005).

Photos-r , , r r thct i r ;  lobes dcvelop t ionr  thc top o1 ' t l re  tuberc; lc  in  1- .  prostra lo as
rr ras o l rservcd wi th the ganretophvt t '  o f  L; tcopodie l lo  lo tero l is  (R.Br. )  B.  Ol lg .
(Whi t t icr  & Ronzagl ia ,  Amer.  Fern f .  95:151]-159.  2005).  The lormat ion of  thr :
p i t rcr rshiorr -shaped ganrctophyte rv i t l - r  nr f lny grcen lo l r t :s  arr is i r rg f lor . r  a  sol i r l
l rasc is  typ ical  I 'or  Lyt :opodrel lo  (Wagner & Bei tc l ,  l , ' lora North Amel ic ;a 2:18-
37.  1993).  The voung p incushion-shapecl  garnctophytcs wi th pholosynther t i r ;
lo i res ar is ing f i 'onr  thc aptx and s ides of  thc sol ic l  base apl )ear  to har ,o a radi i i l
svmmctry (F igs.  1D,  1E).  ' I 'he 

syrnmetrv of  thc largcr  p incr . rsh ion-s l ' rapccl
garnetopl ry tcs (F ig.  1F{)  appcars c lors ivcntra l  as rvas r t :por tcd lor  Lvcopodie l la
r : u ro l i n i onu rn  by  B ruc t :  (A r l c r .  J .  Bo t .66 :1156 -1  163 .  19711 ) . ' l ' h c  l o r . r g  s l r ap -
shapcd lobes have bcen dcscribed fbr Lycopodiello ganretophvtes previor.rsly
(Whi t t ier  & Renzagl ia ,  Amer.  I iern ) .  95:- l i r3-159.  2005).

Both gametangia fbrrn on these gamctophytes at  the base of  the photosvn-
tlretic lolres. Descriptions ol Lvcopodlellcl archegonia indicate that thcy htn'c
s l ror t  nercks (Bnrce,  Arner .  J .  Bot .  6 l l :919-1124.1,976:  Wagner & Bei te l ,  Ann.  Mo.
Bot .  Gard.  79:676-6u6.  1992).  The ant l - rer ic l ia  arc smal lcr  than thosc repor tcc l
for  the terrestr ia l  spocies of  Huperz ia (Whi t t ier ,  P intaur I ,  & Braggins.  Arner .
Fern J. 95:22-29. 2005) and much smaller than those of Lvcopodiurn (Bruce,
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Amer.  J .  Bot .  66:1138-1150.  1976;  Whi t t ier ,  Canad.  J .  Bot .  55:563-567. I977) .
The gametangia of Lycopodiello apprcssa (F.Lloyd & L.Under.) Cranfill and
Lycopodiello cernuo (L.) Pichi-Serm. have essentially the same sizes as those
of L. prostrafa. The gametangia of L. prostrata are typical for Lycopodiella.

The development of the other types of gametophytes of the Lycopodiaceae is
quite different from that found in Lycopodiello. The mature gametophyte of
Phylloglossum is photosynthetic but it starts out as a subterranean, mycorrhi-
zal gametophyte that is negatively gravitropic. After its exposure to light at the
soil surface it becomes a green, bilaterally symmetrical, tuberous gametophyte
lacking photosynthetic lobes (Whittier & Braggins, Amer. J. Bot. BT:9ZO-924.
2oooJ.

The remaining gametophytes of the Lycopodiaceae are subterranean,
mycorrhizal, and nonphotoslmthetic. Their development is initiated un-
derground by the dark germination of their spores and requires a mycorrhizal
association for continued growth. Early growth forms a solid, teardrop-shaped
gametophyte that gives rise to the four other gametophyte shapes found in the
Lycopodiaceae. Larger teardrop-shaped gametophyes develop ring meristems
that form the radially symmetrical disk- and carrot-shaped gametophytes of
Lycopodium (Whittier, Canad. J. Bot. 55:563-567. 1.977; Whitt ier, Bot. Gaz.
142:519-524. 1981).

The uniaxial, dorsiventral, strap-shaped gametophyte of the terrestrial
Huperzia species lacks a ring meristem. The meristem arises from a portion
of the apical region of a larger teardrop-shaped gametophyte (Bruchmann,
Flora 101:220-267. 1910). This meristem occurs in a subterminal groove
overarched by young dorsal tissue on these strap-shaped gametophytes. With
the epiphytic Huperzia species, the teardrop-shaped gametophyte enlarges
and grows into the branched, cylindrical, mycorrhizal gametophyte (Whittier
unpublished).

The gametophyte of L. prostrafc has the typical structure and development
of Lycopodiello gametophytes; thus it is different from the other gametophyte
types of the Lycopodiaceae.-DEnN P. WrurrrER, Department of Biological
Sciences, Box 1634, Vanderbilt University, Nashvil le, TN 37235-1634, and
Rrcunru Canrnn, Department of Biology, Valdosta State University, Valdosta,
GA 31698 -0015 .


