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T h e  p o p u la t io n  s t ru c tu re  a n d  d e n s ity  o f  L ith o p h y llu m  in cru sta n s  (P h il ip p i)  a t tw o  
s ite s  in  s o u th -w e s t  D y fe d  a re  d e sc r ib e d . P o p u la t io n s  s h o w e d  a n  age s t r u c tu r e  in  
w h ic h  th e  g re a te s t  m o r ta li ty  o c c u rs  in  th e  y o u n g e s t  age c la sses . U s in g  s ize  a n d  p o p u 
la tio n  d e n s i ty  d a ta ,  th e  p ro d u c t io n  a n d  su rv iv a l o f  s p o re s  w as  c a lc u la te d  fo r th is  a lga  
a n d  r e la te d  to  th e  su rv iv a l o f  s e t t le d  p la n ts .  T h e  re s u lts  a re  d is c u s s e d  in  th e  lig h t  o f  
u s in g  L .  in cru sta n s  in  th e  te a c h in g  o f  p o p u la tio n  d y n a m ic s .

I n t r o d u c t i o n

Lithophyllum  incrustans (Philippi) is a rock-encrusting calcified red  alga, com m on in 
in tertidal pools and the  shallow subtidal zone o f A tlantic shores o f the B ritish  Isles (Adey 
and  A dey, 1973) F o rd  et al., 1983). I t  is m ost abundan t on exposed rocky shores w here it 
grows in shallow rock pools w hich, due to grazing pressure, wave action and  scouring, have 
little o ther algal grow th.

Lithophyllum  incrustans is the type species of its genus (subfam ily L ithophylloideae, 
family Corallinaceae, class R hodophyta). Like all encrusting form s in the Corallinaceae, 
it is difficult to identify  and some o f the taxonom y is undergoing  reassessm ent 
(W oelkerling, 1983). T h e  m orphology o f L . incrustans is variable, ranging from  sm ooth, 
tightly  adheren t crusts to convoluted, loosely attached, form s. H ow ever the thallus is m ore 
bulky than  m ost B ritish  C orallines and  the colour, while dependen t on the  light in tensity , 
is often m ore p ink-orange to pu rp le  th an  o ther genera (Plate 1). T h e  crusts have a central 
fertile area, contain ing  the  reproductive structu res, know n as conceptacles, su rrounded  by 
a sterile grow ing m arg in  (Fig. la). Conceptacles are well-defined cham bers, bu ried  in the 
calcified thallus, and  connect to the  exterior by canals ending in pores on the  thallus surface 
(Fig. lb ,  c). T w o  types o f thalli can be found, sexual and  asexual (Edyvean and M oss,
1984). T hese  have sim ilar external m orphologies b u t can be d istinguished  by the  size and 
density o f conceptacles w hen view ed in cross section, sexual conceptacles being smaller 
and  m ore densely d is trib u ted  th an  asexual conceptacles. W hile, w ith  experience, L. 
incrustans can be recognised by external m orphology, this species is particu larly  recog
nisable by the characteristic  size and  shape o f asexual conceptacles in cross section 
(Edyvean and M oss, 1984) (Fig. 2). Asexual p lants are dom inant in littoral populations of 
L. incrustans a ro u n d  B ritain  (F o rd  et al., 1983), though  the  p ropo rtio n  o f sexual p lants 
shows a clinal increase from  n o rth  to south  reaching 35%  o f populations in the  far sou th 
west o f E ngland (E dyvean and  F o rd , 1986). L . incrustans increases in  size bo th  peripherally  
and in thickness. T h e  p lan ts are fertile  th roughou t the w inter m onths (Edyvean and Ford,
1986) and  asexual conceptacles are form ed in seasonal layers in the thallus (Fig. le). T h is
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M orphology of Lühophyllum  incrustans. (A) Surface o f thallus showing th e  central fertile area, F , w ith the  surface pores of con
ceptacles, and the  sterile m argin, M . (B) Cross section th rough  an age class 3 plant showing the layered nature  o f conceptacles. 
(C) Close up o f p a rt o f the  cross section from  (B) showing an  active conceptacle a t the surface and old conceptacles lower in the 
thallus becom ing filled w ith calcium carbonate deposits.



P l a t e  1.

Lithophyllum incrustans. (A) P art of a thallus rem oved from th e  substratum . N ote  its bulky nature. Bar =  5 m m. (B) Lithophyllum  
incrustans growing on top  o f o ther coralline algae (examples arrowed). N ote  how  the bulky morphology distinguishes this species 
from  others. Bar =  5 cm. (Photograph courtesy of D r L . A. T erry .)
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m ade o f populations from  D yfed. T h is  w ork was undertaken  to determ ine the age struc
tu re , density  and reproductive strategies of populations of L . incrustans in  the vicinity of 
O rielton  F ield  C entre for com parison w ith  sites stud ied  in o ther parts o f the  British Isles.

M a t e r i a l s  a n d  M e t h o d s

Populations o f Lithophyllum  incrustans from  a series o f sm all in tertidal rockpools were 
sam pled a t M anorb ier (SS 056976), and at tw o sites in W est Angle Bay (SM  851035). 
O ne o f  these was natural and the  o ther an artificial pool created  by staff from O rielton 
F ie ld  C en tre  in 1975. Collections were m ade betw een M ay 3 -6  1985.

O ne h u n d red  plants w ere sam pled at each site along transects across the pools. T w o 
diam eters w ere m easured on the nearest identifiable p lan t to every station, at 25 cm in te r
vals, along the  transect. T hese  p lan ts w ere collected, by ch ipping  them  from the base 
rock w ith  a ham m er and  chisel, and taken to the  laboratory  fo r determ ination  of age, sex, 
and  the  type o f spores being p roduced  by asexual plants. T h e  p lan ts were broken across 
the  cen tre  o f the  crust and the annual layers o f conceptacles counted , using a low power 
b inocu lar m icroscope ( x  15) to give an estim ation  o f the age of the  plant (Fig. lb ). 
T em p era tu re  and  salinity shocks cause the  conceptacles to release the ir contents and th is 
was u tilised  to distinguish  betw een bisporic and  te trasporic  asexual plants. T he thallus 
surface was scrubbed  u nder fresh ru nn ing  w ater and the  p lan t exam ined under the low 
pow er m icroscope ( x 25) w ith overhead illum ination. Spores could  be observed em erging 
from  the conceptacle pores and  differentiated in to  bispores or te traspores. T h e  density of 
p lan ts  in  the  natural pool a t W est Angle Bay was calculated by determ ining the surface 
area o f the  pool, to give an estim ation o f pool bo ttom  area (the pool is shallow and flat), 
and th en  counting  the  total num ber of L. incrustans in  the  pool. P lants can be recognised 
from  a d iam eter o f abou t 5 m m  upw ards and  w hile several individuals may be growing 
together the m argins o f each individual can usually be easily recognised. D ensity, in 
nu m b er o f individuals p er square m etre , was determ ined  from  these data.

R e s u l t s  a n d  D i s c u s s i o n

T h e  popu la tion  param eters of Lithophyllum  incrustans are given in T ab le  1. All th ree 
populations sam pled show low percentages (3%  o r less) of sexual plants. All the sexual 
p lan ts  (a to tal o f  four) w ere m ale. N early all asexual p lants w ere producing  bispores. O ne 
p lan t was found  to be producing  tetraspores (at M anorb ier) and  one was found to be p ro 
ducing  b o th  bispores and tetraspores (also at M anorbier). T h e  low level of sexual plants 
was surp rising  in  view o f  the geographical cline in the  occurrence o f sexual plants from  
0%  in  the  n o rth  o f Scotland to  35 % or m ore on the south  coast o f Cornw all (Edyvean and 
F o rd , 1984a). T h e  low level in D yfed  indicates th a t the percentage o f sexual plants in  a 
popu la tion  is n o t just correlated w ith  la titude b u t is affected by  o ther, perhaps more local, 
influences.

T h e  age d istribu tions o f the  populations are given in Figs 4, 5 and 6. All the populations 
show  a stab le age d istribu tion  w ith  m any young p lan ts and  rap id ly  dim inishing num bers of 
o lder plants. I f  constant recru itm en t is assum ed, the  age structu res correspond to Deevy 
T y p e  I I —I I I  curves, in w hich the greatest risk o f death  occurs in  the youngest age classes 
(Edyvean and  F o rd , 1984a). T h e  age d is tribu tion  o f plants from  the artificial pool con
stru c ted  at W est Angle Bay in 1975 shows no plants above age class 7 (Fig. 6). T h is  
reaffirm s the  assum ption  th a t conceptacles are form ed in  annual layers and  implies that the
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Stages in the  developm ent o f asexual spores, a, b, and c. D evelopm ent o f  bisporangia w ithin the conceptacle. d. Bispore after 
release from  the conceptacle. e. Bispore separating into individual spores, f, g and h. Developm ent o f tetrasporangia w ithin the 
conceptacle. i. T etraspore  after release from  the conceptacle. j. T etraspore  separating into individual spores. Bar =  50 pm.
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T ab le  1. Population parameters o f L itho p h y llu m  incrustans from  south-west D yfed

Percentage o f m ature plants Percentage o f m ature  asexual p lants producing
Site Asexual Sexual Bispores Tetraspores B i-an d  tetraspores

M anorbier 98.5 1.5 (<?) 96.8 1.6 1.6
W est Angle Bay 97.0 3.0 (<J) 100.0 0 0

(natural pool)
W est Angle Bay 98.5 1 - 5 « ) 100.0 0 0

oldest p lan t sam pled settled  in the pool in  the  w in ter o f 1977-78. T h e  lack o f older plants, 
rep resen ting  the  1975-76 and  1976-77 spore release periods m ay be due to two main 
factors. F irs tly , there  may be low num bers o f  o lder p lan ts in  th e  pool, w hich due to  their 
scarcity  d id  no t occur in  the sam ple, and secondly th e re  may be a lag period  before a new 
h ab ita t becom es suitable for settlem ent. T h e  pool was acid-cleaned w hen constructed  and 
experienced initial bloom s of ephem eral algae (d iatom s, Enteromorpha spp ., etc. (D r R. G. 
C ru m p , personal communication). T hese  adverse conditions, coupled w ith  a low survival 
ra te  o f  spores being w ashed into the new  pool on the  rising tid e  (L. incrustans appears to 
release spores a t low tide , w hich w ould facilitate se ttlem ent in the  paren tal pool ra th er than 
o th e r pools) could  explain the lag period  in colonisation. T h is  situation  was repeated in 
ano ther artificial pool, constructed in 1980, w hich, by 1985, contained only a few, very 
sm all, individuals of L . incrustans.

T h e  p rob lem  w ith  determ ining population  param eters from  settled  p lan ts is that the 
early stages o f reproduction, spore release, settlem ent and germ ination  are ignored. 
T h e  n u m b er o f spores p roduced  per p lan t is obviously very large, though  the  num ber of 
settled  juveniles is relatively small. T h is  indicates th a t the  greatest m ortality  occurs 
betw een spore release and developm ent to a viable size.

A n idea o f survivorship from  spore release to th e  sessile grow ing p lan t can be m ade 
by perform ing  som e calculations on the com bined data  from  all th ree  sites. T h e  average 
d iam eter (and thus surface area) was determ ined  for each age class. Each m atu re  p lan t has 
an actively grow ing sterile m argin  su rround ing  the cen tral fertile area; th u s  the  reproduc- 
tively active area is som ew hat less th an  the  total surface area. T h is  sterile m argin was 
fo u n d  to average 3.58 m m  in w id th  w ith little variation  for age o r size o f p lan t. U sing  this 
figure, the  average fertile  area was also calculated for each age class o f p lan t (T able 2). 
T h ese  data w ere then  applied to the W est Angle Bay natu ra l pool w here the  density of 
p lan ts was know n (222.2 m -2 ). T h e  percentage o f  the  population  in each age class was 
determ ined  fo r th is  pool from  the results given in Fig. 5 and  the  to tal and  fertile areas of 
L . incrustans in the  pool were calculated. T h e  resu lts, given in T ab le  2, show th a t L. 
incrustans occupies a to tal of 15.77%  o f the  pool floor w ith  10.18%  o f the  pool floor being 
covered by reproductive tissue. T h is  gives a figure o f 101,837 m m 2 o f fertile L . incrustans 
p er square m etre. U sing  this figure the  reproductive  ou tp u t (num bers o f spores produced 
m -2 ) can be calculated. Previous work has show n th a t there  are, on average, 5.4 concept
acles p er square  m illim etre o f fertile thallus surface (Edyvean and  F o rd , 1986) and  each 
b isporic conceptacle p roduces an average o f 32 individual spores (Edyvean and F ord , 
1984a). T h is  gives a figure o f 549,920 conceptacles and 17,597,434 spores produced per 
square m etre. In  term s o f survival the 17.6 m illion spores m -2 released each year result in
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Age distribution  of the Lithophyllum incrustans population from  M anorbier.
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Age distribution  of the Lithophyllum  incrustans population from  a natural rock pool a t W est Angle Bay.
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Age distribution  of the Lithophyllum incrustans population from  an artificial pool at W est Angle Bay.

T ab le  2. Age class, size and surface area parameters o f L ithophy llum  incrustans calculated
fo r  the West Angle B a y  natural pool

Age class
Percentage in 

age class
Average 

diam eter, mm
Average fertile 
d iam eter, mm

Area occupied 
per sq m 
(sq mm)

Fertile area 
per sq m 
(sq mm)

0 24.70 7.99 0 2752 0
1 20.00 20.47 13.31 14626 6184
2 17.65 23.76 16.60 17390 8488
3 12.94 31.12 23. 96 21857 12966
4 8.23 37.64 30.48 20350 13345
5 7.06 45.44 38.28 25443 18058
6 3.53 44.38 37.22 12132 8535
7 1.18 50.83 43.67 5321 3928
8 2.35 72.50 65.34 21550 17511
9 0 70.83 63.67 — —

10 1.18 61.88 54.72 7885 6168
11 1.18 64.00 65.84 8436 6654

Total 157742 101837
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the  recru itm en t o f 54.89 age class 0 p lants m  2, a survival ra te  of 0.000003119%  
(3.1192 x IO-6 ).

I t could be argued  th a t this figure is no t a true  represen tation  o f survival as, despite the 
spore release m echanism  w hich favours spores rem aining in  the paren tal pool, there  will 
be an unknow n n u m b er o f  em igrant spores that survive and develop in o ther pools. H ow 
ever, it is equally likely th a t spores from  o ther pools w ill develop in  the  pool u nder study 
and  thus the calculation o f survivorship  is valid. T h e  balance betw een em igration  and 
im m igration  w ould only be upset if new ly created pools were to be colonised. Such pools 
m ay be form ed naturally , by the m ovem ent of rocks and  erosion processes or, as in the 
case a t W est A ngle Bay, artificially created  by m an. In  such cases the  pool may provide a 
suitable hab ita t w ithou t initially con tribu ting  spores for em igration, though even this 
w ould have only a very sm all effect on the  survival rate.

T h e  high spore m ortality  is typical o f a species w ith  a low cost/low  survival rep ro 
ductive strategy. M any spores will becom e food for planktonic organism s, or be grazed 
du ring  the very early stages o f  settlem ent w hen they are still poorly  calcified. Some spore- 
lings will be ou tcom peted  for space by the ir own or o ther species and  others will settle in 
areas w hich are unsu itab le  for fu rther developm ent.

T h e  data p resen ted  here can be used  as the  basis o f a useful non-destructive  student 
project. T h e  field work (determ ining  the  density of p lants in a pool) is straightforw ard 
once the species has been recognised and can be com pleted in  one visit to the shore. A 
few plants can be collected for m icroscopical exam ination o f thallus struc tu re  and  spore 
release. T h e  average data given in T ab le  2 are typical of m ost sites the au thors have studied 
and, using them , studen ts can perfo rm  the calculations show n above and  determ ine the 
m ortality  o f spores. Such a study  provides a good practical exam ple o f  a low -cost/low - 
survival reproductive strategy in an alga no t norm ally stud ied  on school/undergraduate 
field-trips.
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