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A BSTRACT

D urako , M.J. and  M offler, M .D., 1985 . O bservations on  th e  rep roductive  eco logy  of 
Thalassia te s tu d in u m  (H y d rocharitaceae). II. L eaf w id th  as a secondary  sex  character. 
A q u a t. B o t., 2 1 : 2 6 5 —275.

S ho rt-shoo ts o f  Thalassia tes tu d in u m  B anks ex K önig w ere co llec ted  from  5 sites 
in F lo rida . A to ta l o f  284, 6 25 -cm 2 q u a d ra t sam ples, con ta in ing  61 8 2  short-shoo ts 
was analyzed fo r lea f w id th , in flo rescence num ber and  sex (th e  la tte r  if determ inable). 
A lthough  leaf w id th s and  rep ro d u c tiv e  densities d iffered  a t  th e  5 sites, lea f w id th  was 
consisten tly  g rea te r w hen  rep roduc tive  stru c tu res  w ere p resen t, and  w hen th e  n um ber o f 
inflorescences increased . T he m ean  n um ber o f  inflorescences per sh o rt-sh o o t was sig­
n ifican tly  h igher fo r shoo ts bearing m ale inflorescences com pared  to  fem ale shoo ts. 
Fem ale inflorescences w ere no rm ally  so lita ry ; m ale short-shoo ts usually  had  2 or 3 
inflorescences. Sex ra tio s  w ere m ale-biased fo r 4 o f  th e  5 sites. C om parisons o f  leaf 
w id ths betw een  th e  sexes ind ica ted  th a t  lea f w id th  c o n s titu te d  a secondary  sex  character 
fo r th is  species. F em ale  sh o rt-sh o o ts  tend  to  have narrow er leaves th a n  m ale short-shoo ts. 
This re la tio n sh ip  sh o u ld  also be  considered  w hen evaluating  th e  significance o f  m or- 
phogeographic  an d  stress-re la ted  varia tion  in  leaf w id th  fo r th is species.

IN TR O D U C TIO N

Flowering plants can generally be divided into 2 groups w ith respect to 
sexual reproduction. The m ajority of species are sexually m onom orphic 
(i.e., herm aphroditic), producing flowers which contain both  androecia and 
gynoecia. A second, smaller group o f species are sexually dimorphic. In this 
group, a given flower has either androecia or gynoecia. Sexually dimorphic 
plants may be either m onoecious or dioecious, bu t only 3 or 4% of all 
flowering plants are dioecious (P e ttitt et al., 1981). In contrast, 9 of the 12 
genera of seagrasses exhibit dioecy (Pettitt e t al., 1981). The seagrass Tha­
lassia testudinum  Banks ex König (turtle  grass) is sexually dim orphic, p ro­
ducing androecia and gynoecia on separate, im perfect uniflorous inflo­
rescences. Tom linson (1969) suggested th a t T. testudinum  was also appar-
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ently dioecious based on his analyses of individual short-shoots (ramets). 
Grey and Moffler (1978) noted th a t rhizom e sections w ith more than 
one reproductive short-shoot had either all male or all female short-shoots, 
reinforcing the suggestion th a t T. testudinum  plants are dioecious.

In m any dioecious species, male plants bear greater num bers of inflores­
cences than  female plants (Bawa and O pler, 1975; Lloyd and Webb, 1977; 
Opler and Bawa, 1978; Barrett and Helenrum , 1981; Bawa e t al., 1982). 
Thalassia testudinum  exhibits a similar pa ttern . Male short-shoots may 
have between 2 and 5 flowers while female flowers are usually solitary (Tom­
linson, 1969; Grey and Moffler, 1978). Sexual differences in structures 
o ther than  reproductive organs, term ed secondary sex characters, have 
also been observed for a num ber of terrestrial dioecious plants (Lloyd 
and Webb, 1977), b u t the presence of secondary sex characters in seagrasses 
has n o t previously been documented.

Moffler e t al. (1981) recently reported an apparent relationship between 
leaf width and the num ber of reproductive buds per short-shoot in T. tes­
tudinum . Based on these preliminary observations, a quantitative sampling 
program was initiated in order to  further investigate this relationship and 
o ther aspects of the reproductive ecology of T. testudinum . In the present 
study, we examined the relationship betw een leaf w idth and num ber of 
inflorescences per short-shoot for several populations in Florida. We present 
evidence th a t leaf w idth may constitu te  a secondary sex character for 
this species.

M A T ER IA L S A N D  M ETHODS

Collections of T. testudinum  short-shoots were obtained from  3 locations 
in Tampa Bay, Florida and 2 sites in the Florida Keys. The prim ary study 
site was a t Lassing Park (2 7 °4 5 'N, 82° 3 8 'W) in Tam pa Bay. This area 
has previously been described in detail (see Beach Drive SE, Phillips, 1960). 
Thirty-four collections were made at Lassing Park from 15 February 1979 
to  15 O ctober 1980. Six randomly located 625-cm2 quadrats were sampled 
per collection. Previous statistical analyses using Stein’s 2-stage procedure 
(see M offler e t al., 1981) had indicated th a t this was an adequate sample 
size for reproductive short-shoot densities and developmental-stage analysis. 
Additional Tam pa Bay collections were m ade during 1980 a t Egm ont Key 
(27°36' N, 82° 45' W) and Cockroach Bay (27° 4 1 'N, 82° 3 2 'W). Two col­
lections, the  first on 8 May 1979 and th e  second on 6 May 1980, were 
made in the  Florida Keys a t Big Coppit Key (24° 36' N ,8 1 ° 3 2 'W) and No 
Name Key (24° 42' N, 81° 19' W).

A to ta l of 284 quadrats, containing 6182 short-shoots, was analyzed 
for leaf w idth, inflorescence num ber and sex (the latter when determ in­
able). Leaf w idth was measured for the widest leaf blade of a short-shoot 
just above the sheath. Leaf widths were measured to  the nearest 0.1 mm 
using a dissecting microscope equipped with an ocular m icrom eter. Leaves
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were then  peeled away from the short-shoot un til the  shoot apex was visible. 
The occurrence and num ber of sexual reproductive structures (buds, flowers 
or peduncles, depending on the  tim e of year) were then recorded. Short- 
shoots were classified as vegetative if no visible (>  1.0 mm) reproductive 
structures were present. Reproductive short-shoots were separated in to  
male, female or unknown classes. Sex determ inations were based on floral 
morphology; the unknow n class represented short-shoots th a t had flower 
buds tha t were too  small to  reliably classify (<  3—4 mm) or post-anthesis 
short-shoots which had only peduncles present.

Statistical analysis began by testing for normal distribution of the leaf- 
w idth data by calculating a D  statistic (D ’Agostino, 1971). A 1-way anal­
ysis of variance (ANOVA) was then  perform ed to  determine if m ean leaf 
widths for the 5 sites were significantly different. Subsequent statistical 
analyses were performed on each site. Regression analyses and ANOVA 
were perform ed to  determ ine if variations in leaf widths (dependent var­
iable) were attributable to  either inflorescence num ber or sex (independent 
variables). Analysis of covariance was used to  test for differences in slopes 
of the resulting least squares lines for the 5 sites. Mean leaf widths were 
compared with respect to  site and inflorescence num ber using D uncan’s 
m ultiple range tests. The mean num ber of inflorescences for male and 
female short-shoots was com pared a t each site using i-tests (except Cock­
roach Bay, a t which only male short-shoots were identified). Calculations 
were perform ed utilizing Statistical Analysis System programs (Helwig 
and Council, 1979).

R ESU LTS

Mean leaf blade widths fo r the 5 sites exhibited significant differences 
(Table I), although no obvious pattern  was evident. No pattern  was evident 
fo r mean reproductive short-shoot densities with values ranging from  3.6% 
for the No Name Key population to  34.9% for the Cockroach Bay popu-

T A B L E  I

M ean leaf w id ths (and  stan d a rd  dev iations) fo r  Thalassia tes tu d in u m  sho rt-shoo ts  from  
sites in  F lo rida

S ite N M ean leaf w id th  (m m ) G roupinga

Lassing Park 4471 6 .7 2  (1 .4 0 ) C
E g m o n t Key 923 7.52 (1 .6 0 ) B
C ockroach  Bay 170 7.87  (1 .3 4 ) A
Big C o p p it Key 279 6 .1 8  (1 .4 0 ) D
N o N am e Key 339 7 .49  (2 .0 4 ) B

aT he significance o f  th e  m eans (P  < 0 .05 ) was evaluated using D u n can ’s m u ltip le  range 
te s t. M eans w ith  th e  sam e le t te r  grouping  are n o t  significantly  d iffe ren t. M eans w ith  
d iffe ren t grouping le tte rs  are  sign ifican tly  d ifferen t.
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Fig. 1. M ean lea f w idths fo r vegetative and  rep roduc tive  Thalassia tes tu d in u m  sho rt- 
sh o o ts  from  F lo rida . NN (o p en  triang les) = N o N am e K ey, CB (o p en  circles) = C ockroach 
B ay, EG  (closed  squares) = E gm on t K ey, LP (closed triangles) = Lassing P ark , BC (closed 
circles) = Big C o p p it K ey.

lation. For all short-shoots sampled, leaf widths were significantly (P <  0.05) 
greater when reproductive structures were present (Table II). There was 
also a positive relationship betw een leaf width and inflorescence num ber 
(P <  0.1) for reproductive short-shoots at all 5 sites (Fig. 1). The relationship 
betw een leaf width and inflorescence num ber (Fig. 1) had a significantly 
greater slope (1.33 mm increase/inflorescence) in the  No Name Key pop­
ulation than in all o ther sites (0.33—0.45 mm increase per inflorescence). 
Narrow est m ean leaf widths and greatest variation were characteristic o f the 
vegetative short-shoots. This was expected because this group included 
new, im m ature short-shoots.

Frequency distributions of Lassing Park short-shoots with 1, 2 or 3 
inflorescences over 7 leaf-width classes (Fig. 2a) illustrated a dichotom y. 
Short-shoots w ith one inflorescence had a size distribution th a t was dis­
tin c t from  those w ith 2 or 3 inflorescences, with the  form er tending to  have 
narrow er leaves than  the latter.
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Fig. 2. F req u en cy  d is tr ib u tio n  o f  rep roduc tive  Thalassia tes tud inum  sho rt-shoo ts  from  
Lassing Park w ith  re sp ec t to  : (A) n u m b er o f  inflorescences (circles = 1 ; triangles = 2; 
squares = 3) p e r sh o rt-sh o o t: (B) sex  (circles = fem ale; triangles = m ale) o f  short-shoo ts.

Analysis using chi-square indicated th a t sex ratios departed significantly 
from unity for 3 of the  4 sites which had both  sexes present (Table III); 
ratios were male biased, except for the Big Coppit Key population. Com­
parisons between the num ber of inflorescences per short-shoot for females 
and males (Tables III) indicated a high degree of uniform ity in females
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TABLE III

Sex ra tio s  and  m ean  inflorescence n um ber p e r male and fem ale  sh o rt-sh o o t for Thalassia te stud inum  in  F lorida

S ite N um ber 
o f  male 
short-shoo ts

N um ber 
o f female 
sh o rt shoo ts

M ale/fem ale
x !

Inflorescences (n u m b er/sh o rt-sh o o t ±SD)

Male Fem ale

Lassing Park 414 295 1.40 19.97** 1.49 ± 1.18 1.05 t  0 .23*
E g m o n t Key 164 96 1.71 17.78** 1 .52  . 1.54 1.14 i  0 .40*
Big C o p p it Key 15 47 0.32 16.52** 2 .80  ± 0.77 1.04 ± 0 .20*
N o N am e Key 8 4 2,00 1.33 2 .38  ± 0.52 1,00 í  0 .00*

* P < 0 .05 . 
** P : 0 .01 .

and substantial variation in males (com pare standard deviations in Table 
III). Fem ale flowers were usually solitary (range 1—3); male short-shoots 
usually had 2 or 3 flowers (range 1—5). The m ean num ber of inflorescences 
per short-shoot was significantly higher (P < 0 .0 5 )  for males at these 4 
sites. Sex-related differences in leaf w idth become evident when the fre­
quency distribution of male and female short-shoots is p lo tted  against 
the  7 leaf-width classes (Fig. 2b). Female short-shoots tend to  have nar­
rower leaves than male short-shoots. This difference was highly signif­
ican t for the  Lassing Park population (which represents the largest data 
set). The same difference was evident, b u t n o t statistically significant for 
the o ther 3 sites, which may be reflective of the low num ber of short- 
shoots which were reproductive or could be positively sexed.

D ISCUSSIO N

Leaf w idth for Thalassia testudinum  from  Tam pa Bay and the Florida 
Keys, did n o t show morphological variation correlative to  latitudinal or 
any obvious environmental stress gradients. However, it should be pointed 
o u t th a t these factors were no t specifically investigated. The data indicated 
significant variation in leaf w idth within populations which correlated 
w ith presence and num ber of inflorescences. Leaf w idth in T. testudinum  
has been previously correlated w ith a num ber of param eters. Narrow leaf 
w idths have been a ttribu ted  to  low salinity (Phillips, 1960), reduced plant 
vigor (Tomlinson, 1969), and low-light conditions, due to  either depth 
or tu rb id ity  (McMillan and Phillips, 1979; Phillips and Lewis, 1983). Clonal 
leaf-width patterns in T. testudinum  seedling growth have also been ob­
served; leaf widths are characteristically narrow er in northern populations 
and increase w ith decreasing latitude (McMillan, 1978; Durako and Moffler, 
1981).

Previous studies have utilized small or undefined sample sizes and corre­
lations between narrow leaf widths and environm ental stress have been
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based on the- assumption th a t seagrass leaves within a locale do n o t vary 
greatly (Phillips and Lewis, 1983). We utilized statistical procedures to  
determ ine adequate sample size for our collections (Moffler e t al., 1981). 
The range of leaf widths (approxim ately 3—11 mm) at each site was rela­
tively large and encompassed the range of values reported  for morpho- 
geographic and environmental stress induced variation. Mean reproductive 
short-shoot densities at the 5 sites were also quite variable. They were 
greater, with the exception of the  No Name Key population, than  the 
1—15% range estimated for easily observable late reproductive structures 
in south and central Florida populations (Phillips, 1960; O rput and Boral, 
1964; Zieman, 1975; Thorhaug and Roessler, 1977; Grey and Moffler, 
1978), bu t below the value of 44% which was reported  from a prelimi­
nary survey of early reproductive buds at Lassing Park (Moffler e t al., 
1981). Highest reproductive densities in Tam pa Bay were observed during 
late w in ter—early spring collections; they  generally decreased through 
the summer as the inflorescences developed and m atured, and reached 
zero by September. This supports an earlier suggestion th a t factors, such 
as microbial infection or natural abortion  of early buds, may reduce vis­
ible flower expression in this species (M offler et al., 1981).

Our estimates of male-biased sex ratios for T. testudinum  were com ­
parable to  those of Tomlinson (1969), b u t the inverse of those reported 
by Grey and Moffler (1978). Male-biased sex ratios have also been reported 
for T. hemprichii (Ehrenb.) Aschers. (Pascasio and Santos, 1930). In T. 
testudinum , as in m ost plants, sex can only be determ ined visually from 
inflorescences. Therefore, the  term  sex ratio , as it is used here, refers to  
the sex ratio of flowering short-shoots and does n o t imply intrinsic sex 
ratio . Grey and Moffler (1978) suggested th a t their female-biased sex ratios 
may have been due to  the tim e of year when their observations were made 
(i.e., during peak anthesis of female short-shoots). Male inflorescences de­
velop, m ature and deteriorate more rapidly than female inflorescences 
in T. testudinum  (M.D. Moffler and M.J. Durako, in preparation) and they 
are no t recognizable after anthesis (Grey and Moffler, 1978). The majority 
of our collections were prior to  anthesis and should, therefore, m ore ac­
curately portray  actual sex ratios over a reproductive event. The numerical 
predom inance of male short-shoots may be due to  their propensity to  flower 
m ore frequently (although it is no t know n if T. testudinum  short-shoots 
flower m ore than once), from  differential m ortality or abortion of inflo­
rescences, especially if the energy required for reproduction is greater for 
females (Lloyd and Webb, 1977; Bawa et al., 1982; Lovett Doust and 
Lovett Doust, 1983).

The greater mean num ber of inflorescences per short-shoot for males 
(1.5—2.8) than females (approxim ately 1) agrees with previous reports 
for this species (Tomlinson, 1969; Grey and Moffler, 1978), and is char­
acteristic for m ost dioecious species (Lloyd and Webb, 1977). The num er­
ical predom inance of male inflorescences has been attributed to  sex re­
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lated differences in the  energetics of reproduction and sexual selection 
(Bawa and Opler, 1975). In fact, males often  exceed females in general 
vegetative vigor and size, reflecting the generally lower costs of being male 
(Lloyd and Webb, 1977; Lovett Doust and Lovett D oust, 1983). Thalassia 
testudinum  seems to  follow the above patterns, with widest leaf widths 
characteristic of male short-shoots or a t least short-shoots with m ore than 
one inflorescence. The significance of this relationship cannot presently 
be clearly defined. However, we can offer some plausible possibilities.

Relative leaf size is a reflection of p lan t developm ent or age in most 
m onocotyledons (Tomlinson, 1970). Leaf w idth polym orphism  in the 
seagrass Enhalus acoroides (L.f.) Royle is a function of p lan t development 
and is n o t caused by environmental factors (Johnstone, 1979). Tomlinson 
and Vargo (1966) reported  tha t the size of a T. testudinum  short-shoot 
was proportional to  its age, and Zieman (1975) observed th a t leaf width 
also increases w ith age. This suggests th a t male short-shoots may generally 
be older (i.e., m ature later) than female short-shoots. However, the leaf 
size of a short-shoot may also vary in relation to  the vigor of the plant, 
which is environm entally influenced (Tomlinson, 1972). For example, 
leaf width in Zostera marina L. exhibits a linear increase with sediment 
nitrogen (O rth , 1977; Short, 1983). There are also num erous examples 
of the environm ental m odification of sex expression in dioecious plants (see 
Heslop-Harrison, 1957, 1972). Factors affecting sex expression are day- 
length, light intensity , tem perature and mineral nu trition . The patchiness 
of sexual reproduction in T. testudinum  reported  by several investigators 
(Phillips, 1960; Marmelstein e t al., 1968; Grey and Moffler, 1978), may 
reflect environm ental patchiness. Charnov and Bull (1977) suggested tha t 
a labile sexual phenotype could be a strategy of plants inhabiting patchy 
environm ents; we believe this line of investigation certainly deserves a t­
tention.

Patchiness in sexual reproduction may also be due to  clonal variation. 
The m ajority of plants growing in aquatic environments display some form 
of clonal growth and proliferation (Cook, 1983). McMillan (1978) hy­
pothesized th a t seagrasses contain populations with distinct genetic limits 
of ecoplasticity, and th a t within a population, individual clones may have 
distinct lim its of endogenous plasticity. Plasticity of response would be 
expected in species inhabiting a range of conditions or experiencing var­
iable levels o f environm ental stress (Soule and Werner, 1981). Inter- and 
intra-population differences in leaf width were evident for T. testudinum  
in Florida. The inter-population differences could no t be correlated to 
latitudinally-influenced stress gradients, bu t may suggest either ecotypic 
or clonal variation (note similarity of standard deviations in Table I). In tra­
population differences in leaf w idth were significantly related to  inflo­
rescence presence and num ber, and to  sex a t the prim ary study site. This 
secondary sex character may be an incidental consequence of development 
or genetic sex determ ination and may or may n o t be adaptive (Lloyd and
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Webb, 1977). Our conclusions are based o n  m easurements of ram ets whose 
clonal connection and genetic identity  were unknow n. Therefore, the 
ecological significance of the sex ratios and differences found between 
the sexes in T. testudinum  may depend on  the  num ber of clones present 
in a population and the degree to  which they  are physiologically linked 
(Cook, 1983). Knowledge of the clonal structure of seagrass populations 
can greatly alter interpretation of data based on ram ets alone. The number 
and distribution of genets in seagrass populations should be identified 
to  m ore accurately evaluate genetic, physiological and ecological processes 
occurring in these communities.
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