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COMMENT

On the use of reconstructive aging techniques for assessing seagrass 
demography: a critique of the model test of Jensen et al. (1996)
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T h e  p a p e r  by J e n s e n  e t  al. (1996) re p o r ts  a n  a t t e m p t  
to tes t th e  p red ic t iv e  ab il i t ies  of a p o p u la t io n  m od e l  
b a s e d  on  th e  u se  of r e c o n s t ru c t iv e  te c h n iq u e s  (D uarte  
et al. 1994). T h e  p o p u la t io n  m o d e l  th a t  w as  te s ted  u t i 
lizes th e  a g e  d is tr ibu t io ns  of in d iv id u a l  s e a g ra s s  short-  
shoots  co l lec ted  a t  le a s t  o n ce  p e r  year,  from w h ich  
a n n u a l  g ross  shoo t  r e c r u i tm e n t  ra te s  (Rgross y c 1 = InN , 
-  l n N t>1, w h e r e  N t is the  to tal n u m b e r  of shoo ts  a n d  
N t>1 is th e  n u m b e r  of shoo ts  o ld e r  th a n  a year)  a n d  
in s ta n ta n e o u s  m or ta l i ty  ra te s  [M, d e r iv e d  from the  
n u m b e r  of shoots  in co n se c u t iv e  cohorts  a n d  e s t im a te d  
by  fi tt ing th e  e q u a t io n  N (t) = N(0) e~Ail to o b se rv e d  
d a ta ,  w h e r e  N (t) is th e  n u m b e r  of shoo ts  at t im e  f, N(0) 
r e p r e s e n t s  the  n u m b e r  of shoo ts  a t  t = 0, if f = 1 yr th en  
th e  un i ts  for M  a r e  y r 1] a r e  c a lc u la te d  (D uar te  e t  al. 
1994). S hoo t a g e s  a r e  d e t e r m i n e d  by c o u n t in g  the  
n u m b e r  of le av e s  a n d  leaf scars  for e a c h  shoot. T h e  
in te rva l  b e tw e e n  th e  fo rm a tion  of c o n se c u t iv e  leaf 
scars  is t e r m e d  the  p la s to c h ro n  in te rv a l  (PI; E rikson  & 
M iche l in i  1957). C o n v e rs io n  of lea f -sca r  Pis to a b so lu te  
t im e  can  be  a c c o m p l is h e d  d irec t ly  u s in g  th e  leaf- 
p u n c h  p ro du c t iv i ty  m e t h o d  (P a tr iqu in  1973, B rouns  
1985), a n d  ind irec t ly  by  re c o n s t ru c t iv e  m e th o d s  such  
as d e te r m in in g  th e  d i f f e re n c e s  in  n u m b e r s  of leaf scars  
b e tw e e n  success iv e  a n n u a l  co ho r ts  ( la rge  n u m b e r s  of 
shoo ts  of sim ilar  age)  d iv id e d  by 365 (D u ar te  e t  al. 
1994).

J e n s e n  e t  al. (1996) co rrec t ly  p o in t  ou t  th a t  the  c a lc u 
la t ion  of m orta l i ty  u s in g  th e  e x p o n e n t ia l  d ec l in e  of 
n u m b e r s  of living shoots  w i th  a g e  a s s u m e s  co n s tan t  
ag e -sp ec if ic  shoot m or ta l i ty  a n d  r e c r u i tm e n t  ra tes.  
H o w ev e r ,  th ey  m a k e  no  a t t e m p t  to tes t  if th ese  
a s s u m p t io n s  a re  satisf ied . A n e x p o n e n t i a l  m o d e l  w ith  
a g e - d e p e n d e n t  m or ta l i ty  ra te s  c a n  also be  fitted to the  
p o p u la t io n  a g e  d a ta ,  but, in th e  a b s e n c e  of e v id e n c e  
th a t  shoo t  m or ta l i ty  is a g e  d e p e n d e n t ,  th e  s im ple  expo-
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n e n t ia l  m o d e l  p ro v id e s  th e  m o s t  p a r s im o n io u s  a n d  
ro b u s t  m o d e l  (Cox & O a te s  1984). In ad d it ion ,  r e c r u i t 
m e n t  a n d  m o r ta l i ty  in p la n t s  a r e  typ ica lly  m o re  c o r r e 
la te d  w ith  p la n t  size, r a th e r  i n d e p e n d e n t ly  of a g e  
(S a r u k h á n  et al. 1985). Plots of r e s id u a ls  f rom  m or ta l i ty  
c u rv e s  v e r s u s  s h o o t -c o h o r t  a g e s  a n d  to ta l - s a m p le  
sho o t  a g e s  (the a p p r o a c h  u s e d  by  J e n s e n  e t  al. 1996) 
for Tha lassia  te s tu d in u m  co l lec ted  from  R ab b it  Key 
Basin d u r in g  1989 a n d  1990 from  D u ra k o  (1994) a re  
s h o w n  in Fig. 1. R e g re ss io n  s lop es  for all of th e  p lo ts  
a r e  no t s ign if ican tly  d i f fe re n t  f rom  0, s u g g e s t in g  no  
a g e - d e p e n d e n t  b ias  in th e  a n n u a l  m o r ta l i ty  e s t im a te s  
d e r iv e d  from  th e  s im p le  e x p o n e n t i a l  m odel .  A l t e r n a 
tively, D u a r te  e t  al. (1994) r e c o m m e n d  th a t  m or ta l i ty  
e s t im a te s  sh o u ld  b e  d e r iv e d  from  th e  d is t r ib u t io n  of 
a g e  a t  d e a th  (i.e. th a t  of a g e s  of d e a d  shoots)  to avo id  
th e  a s s u m p t io n  of c o n s ta n t  morta l i ty .  T h is  a l t e rn a t iv e  
w a s  no t c o n s id e re d  in  th e  m o d e l  te s t  by  J e n s e n  et al. 
(1996).

D if fe ren ce s  b e tw e e n  g ro ss  r e c r u i tm e n t  a n d  m or ta l i ty  
e s t im a te s  (R nel = Rgl0Sf, -  M ) c a n  b e  u s e d  to a sse ss  
w h e th e r  a p o p u la t io n  is in c r e a s in g  (Rgross < M ), d e c l in 
ing  (Rgross > M ), or in  s t e a d y  s ta te  (Ägross = M ), a t  th e  
t im e  of s a m p l in g  (D u ar te  et al. 1994). N e t  r e c r u i tm e n t  
m a y  c h a n g e  from  y e a r  to y e a r  b e c a u s e  of a n n u a l  
c h a n g e s  in  r e c r u i tm e n t  a n d  m o r ta l i ty  ra tes .  R estr ic t ing  
in f e re n c e s  d e r iv e d  from  d e m o g r a p h ic  sta tis t ics  to 
w i th in  a y e a r - to -y e a r  (i.e. a n n u a l)  t im e  f r a m e  is a f u n 
d a m e n t a l  c o n c e p t  on  th e  use  of th e s e  p o p u la t io n  m o d 
els (R icker 1975, D u a r te  e t  al. 1994). In this  r e g a r d ,  
D u ra k o  (1994) r e p o r t e d  s ig n if ic an t  a n n u a l  (1989 vs 
1990) f lu c tu a t io n s  in  b o th  Rgmss a n d  M  in 3 Tha lassia  
te s tu d in u m  p o p u la t io n s  in  F lor ida  Bay r e s u l t in g  in  d r a 
m a t ic  y e a r - to -y e a r  d i f f e re n c e s  in th e  m a g n i tu d e  a n d  
d irec t io n  of c a lc u la te d  R nel (Table  1).

P o p u la t io n  half-life  [T1/2 = ln (2 ) /M ] c a n  a lso  be  c a l 
c u la te d  from  a g e -d i s t r ib u t io n  d a ta .  J e n s e n  e t  al. (1996) 
s ta te  th a t  ' th e  m o r ta l i ty  e s t im a te  is c a lc u la te d  from  an  
e x p o n e n t i a l  d e c a y  e q u a t io n  a n d  as  s u c h  th e  half-life
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Fig. 1 T h a lass ia  t e s 
tu d in u m . Plots a n d  
l in e a r  r e g re s s io n s  of 
r e s id u a l s  f rom  m o r 
tality  c u rv e s  f itted 
to c o h o r t  a n d  total-  
s a m p l e  s h o r t - s h o o t  
a g e  d i s t r i b u t io n s  
f rom  R a b b i t  Key 
Basin  d u r in g  April  
1989 a n d  April  1990 
(from D u r a k o  1994)

Age (years) Age (years)

e q u a t io n ,  w i th  m o r ta l i ty  in  th e  d e n o m in a to r  (D u rako  
1994), will  a lw a y s  d e  facto  p r e s e n t  a p ic tu re  of a 
d e c l in in g  p o p u la t io n ’. T h is  s t a te m e n t  is w ro n g .  T h e  
e x p o n e n t i a l  m o d e l  a s s u m e s  th a t  ra te s  a r e  p e r  cap ita  
a n d  half-life  s im p ly  d e sc r ib e s  th e  t im e  in  w h ic h  ha lf  of 
th e  r e c r u i t e d  shoo ts  will b e  d e a d .  T h e  e x p o n e n t ia l  
d e c l in e  c u rv e  for sh o o t  a g e s  d o e s  no t  n e c e s s a r i ly  m e a n  
th a t  a p o p u la t io n  is dec l in in g ,  s ince  e s t im a te s  of n e t  
r e c r u i tm e n t  in f e r re d  from  th e s e  d is tr ib u t io n s  c a n  be  
p osi t ive  a n d  in d ica t iv e  of e x p a n d in g  p o p u la t io n s  
(D u a r te  & S a n d - J e n s e n  1990).

P red ictin g  p o p u la tio n  grow th  or d ec lin e  from  d e m o 
grap h ic  s ta tis tic s— the test. D e m o g ra p h ic  s ta tis tics

a n d  p o p u la t io n  m o d e l  'p red ic t io n s '  o r ig inal ly  c a lc u 
la t e d  for p o p u la t io n s  of Thalassia  te s tu d in u m  in Florida 
Bay e x p e r ie n c in g  s e v e re  d ie-off  (D urak o  1994) w e re  
t e s te d  by J e n s e n  e t  al. (1996) u s in g  d a ta  c o l lec ted  o ve r  
4 yr later, from d if fe ren t  sites, d u r in g  a d i f fe ren t  tim e of 
year ,  a n d  u s in g  d i f fe re n t  s a m p le  co llec tion  a n d  h a n 
d l in g  te c h n iq u e s .  T h e  la t te r  a u th o r s  also u s e d  a d if fe r 
e n t  m o d e l  to ca lc u la te  m o rta l i ty  ( to ta l -sam p le  p o p u la 
t ion  v e rsu s  cohorts) .  Specifically, J e n s e n  e t  al. (1996) 
c o m p a r e d  d e m o g r a p h ic  a n d  q u a n t i ta t iv e  (i.e. shoot 
d ens i ty )  sta tis tics  c a lc u la te d  from  d a ta  th a t  th ey  co l
l e c ted  in R abb it  Key Basin  in F lorida  Bay  d u r in g  J u n e  
1994 to d e m o g r a p h ic  s ta tistics c a lc u la te d  from  d a ta

T a b le  1 T h a la ss ia  te s tu d in u m .  S h o r t - s h o o t  dens i ty ,  d e m o g r a p h i c  c h a ra c te r i s t i c s  a n d  p r e d i c t e d  a n d  m e a s u r e d  c h a n g e s  in shor t-
sh o o t  d e n s i t i e s  t rom  3 F lo n d a  B ay  b a s in s  (m od if ied  f rom  D u r a k o  1994)

P a r a m e t e r R a b b i t  Key 
April  1989 A pril  1990

R a n k in  L ak e  
A pril  1989 April  1990

J o h n s o n  Key 
A pril  1989 A pr i l  1990

D e m o g r a p h ic  ch a ra cter is tics
G ro ss  r e c r u i t m e n t  (yr-1) 0.39 0.55 0.84 1.51 0.42 0.71
M o r ta l i ty  ( y r ' 1) 0.43 0.83 1.35 2.18 0.37 0.87
N e t  s h o o t  p r o d u c t io n  (yr-1) -0 .0 4 - 0 .2 8 -0 .51 -0 .6 7 0.05 - 0 .1 6
P re d i c t e d  d e n s i ty  c h a n g e  for 
fo l lo w in g  y e a r  (%)

- 4 - 2 4 - 4 0 - 4 9 + 5 - 1 5

Q u a n tita tiv e  ch a ra cter istics
S h o r t - s h o o t  d e n s i ty  (m 2) 391 ± 22 382 ± 20 340  ± 27 263 ± 17 358 ± 17 315 ± 16
M e a s u r e d  d e n s i ty  c h a n g e  (%) - 2 nd - 2 2 n d - 1 2 nd
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co l lec ted  in  a  p re v io u s  s tu dy  of s e a g r a s s  d ie-off  d u r in g  
April 1989 a n d  April 1990 (D u rako  1994). J e n s e n  e t  al. 
(1996) th e n  c la im  to tes t  th e  ro b u s tn e s s  of the  'p r e d i c 
t io n s ’ of D u ra k o  (1994) for c o n t in u o u s  sh o o t -d e n s i ty  
d ec lines .

J e n s e n  e t  al. (1996) co rrec t ly  s ta te  th a t  th e  ‘c o n s t ru c 
tion of an  a g e  d is tr ibu t ion  is the  first s tep  in the  
d e sc r ip t io n  of a p o p u la t io n ' .  T h e s e  a u th o r s  a lso  po in t  
ou t  th e  n e e d  to m e a s u r e  th e  PI in d e m o g r a p h ic  a n a ly 
ses, b u t  th e n  m a k e  no effort to m e a s u r e  it th em se lv es .  
All of th e  d e m o g r a p h ic  s ta tistics p r e s e n te d  b y  J e n s e n  
e t  al. (1996) a r e  b a s e d  on  th e  con v e rs io n  of lea f -sca r  
d a ta  (Pis) in to  shoo t  a g e s  u s in g  an  a n n u a l  PI c a lc u la te d  
f rom  a co m p le te ly  d if fe ren t  d a ta  s e t  (18.2 d from 
D u ra k o  1994). T h is  PI v a lu e  w a s  c a lc u la te d  from  leaf- 
p u n c h  p ro du c t iv i ty  d a ta  co l lec ted  e v e ry  2 m o  o v e r  the  
p e r io d  from  April 1989 to April 1990 from sites in R a b 
b it  Key w ith  v is ib le  s e a g ra s s  d ie-off  (D urak o  1994). 
T h e  u se  of this  PI v a lu e  in th e  s tu d y  of J e n s e n  e t  al. 
(1996) is in a p p r o p r ia te  for sev e ra l  reaso ns .  First, the  
d u ra t io n  of Pis c an  exh ib i t  c o n s id e ra b le  spa t ia l  a n d  
te m p o ra l  v a riab il i ty  re su l t in g  from  e n v i r o n m e n ta l  in 
f lu e n c e s  (D u ar te  e t  al. 1994, D u ra k o  1994). For e x a m 
ple, PI e s t im a te s  for T halassia  te s tu d in u m  p o p u la t io n s  
in 3 b a s in s  in F lorida  Bay r a n g e d  from  12.9 to 25.6 d 
ov e r  a 1 yr p e r io d  (D urak o  1994). S eco nd ,  m o s t  of the  
shoo ts  p r e s e n t  in  th e  R abb it  Key p o p u la t io n  in  1994 
w e r e  p ro d u c e d  d u r in g  th e  4 yr in te rva l  b e tw e e n  th e  
D u ra k o  (1994) s tu d y  a n d  th e  s a m p l in g  by  J e n s e n  e t  al. 
(1996). A ny  c h a n g e s  in th e  PI of a  p o p u la t io n  th a t  is 
e x p e r i e n c in g  p e r tu rb a t io n  (e.g. s e a g r a s s  die-off) 
w o u ld  c o n fo u n d  the  d e m o g r a p h ic  s ta tis tic  e s t im a te s  
o b ta in e d  by  J e n s e n  e t  al. (1996). T h e  a b s e n c e  of s e a 
so na l  or a n n u a l  p a t t e rn s  is th e  s u g g e s te d  re a s o n  w hy  
J e n s e n  e t  al. (1996) a p p a r e n t ly  m a d e  no  a t t e m p t  to 
e s t im a te  Pis f rom  th e i r  o w n  da ta .  A l th o u g h  this w o u ld  
p r e c lu d e  th e  u se  of th e  co h o r t  m e th o d ,  no  c o r r o b o ra t 
in g  e v id e n c e  or tes t  of this  a s s u m p t io n  is p ro v id e d .  
S ea so n a l i ty  in  s e a g r a s s  g ro w th  h a s  b e e n  id e n t if ied  in 
all s e a g r a s s  p o p u la t io n s  w h e r e  its p r e s e n c e  h a s  b e e n  
te s te d  (see d iscuss ion  on  t im e -se r ie s  a n a ly s e s  in 
D u a r te  e t  al. 1994). T h a t  sho o t  coh o r ts  w e r e  iden t if ied  
by D u ra k o  (1994) in d ic a te s  th a t  rh iz o m e  g ro w th  sho w s  
s e a s o n a l  v a r ia t io n  in F lo r ida  Bay. S e a so n a l  c h a n g e s  in 
in te rn o d a l  s e q u e n c e s ,  su ch  as  r e p o r te d  for Tha lassia  
te s tu d in u m  in  th e  M e x ic a n  C a r ib b e a n  (M a rb á  e t  al.
1994) m u s t  also exist.  In fe r re d  v a lu e s  of m e a n  a n n u a l  
PI c a n  b e  v a l id a te d  by  c o m p a r iso n s  w ith  d i re c t  m e t h 
ods (i.e. lea f  p u n ch in g ) ,  by  u s in g  th e  s e q u e n c e  of 
in t e rn o d a l  le n g th  (f iltered of s u b s e a s o n a l  a n d  in t e r a n 
n u a l  var ia tion ; D u a r te  e t  al. 1994) in long  ho r izon ta l  or 
ver t ica l  rh izo m e  f rag m en ts ,  a n d  from  m o d e s  in th e  
t im e  s ince  f low er in g  ( in fe rred  from  th e  posi t ion  of 
f low er scars; G a l leg o s  e t  al. 1992, 1993, v a n  T u s s e n 
b r o e k  1994a, b).

J e n s e n  e t  al. (1994) co rrec t ly  p o in t  o u t  th a t  th e  e ffec t  
of sp a t ia l  var iab il i ty  on  sho o t  d e m o g r a p h ic  c h a ra c t e r i s 
tics m a y  b e  im p o r t a n t  a n d  h a s  no t  b e e n  e v a lu a te d .  
H o w ev e r ,  sp a t ia l  va r iab i l i ty  a n d  s c a l e - d e p e n d e n t  
effec ts  a r e  no t  p ro b le m s  in tr ins ic  to d e m o g r a p h ic  s t a 
tistics o b ta in e d  u s in g  th e  re c o n s t ru c t iv e  m e th o d .  M o s t  
of th e  p r e s e n t  k n o w le d g e  on th e  d y n a m ic s  of se a -  
g ra s se s  is b a s e d  on q u a d r a t  or c o re  s a m p le s  (e.g. b io 
m ass, s t a n d in g  crop, lea f  m a r k  p roduc t iv i ty ,  n u t r ie n t  
cycling , etc) a n d  s u b s e q u e n t  e x t r a p o la t io n s  to la r g e r  
sca les .  In th e i r  c o m p a r a t iv e  study, J e n s e n  e t  al. (1996) 
s ta te  that ,  in  a d d i t io n  to te s t in g  th e  p re d ic t io n s  of 
D u ra k o  (1994), th ey  a d d r e s s  th e  q u e s t io n  of ' s a m p l in g  
d e s ig n  re la t iv e  to sp a t ia l  variab il i ty ';  ye t  th e y  u s e d  a 
h a p h a z a r d  s a m p l in g  d e s ig n  a n d  sa m p le -c o l le c t io n  
m e th o d s  c o m p le te ly  d i f f e re n t  f rom  th e  e a r l ie r  study. 
T h e  s a m p l in g  d e s ig n  of D u ra k o  (1994) s u b d iv id e d  this 
l a r g e  b a s in  (>3200  ha , no t  52.5 h a  as s t a t e d  by  J e n s e n  
e t  al. 1996, s e e  Fig. 1 in R o b b le e  e t  al. 1991) in to  a 
0.5 n m ile  in te rv a l  s a m p l in g  g rid  w i th  e a c h  g r id  i n t e r 
sec t io n  p o in t  b e in g  a s s ig n e d  a s ta t ion  n u m b e r .  S a m 
p le s  of T ha lassia  te s tu d in u m  w e r e  o b ta in e d  a t  th e  first 
3 ra n d o m ly  c h o s e n  g rid  p o in t s — w ith  v is ib le  s e a g r a s s  
d ie -off  p a tc h e s .  S a m p l in g  loca t io ns  a t  e a c h  s ta tion  
w e r e  s t ra t i f ied  by  co l lec t ing  p la n t  m a te r ia l  w i th in  20 x 
20 cm  q u a d r a t s  p o s i t io n e d  a t  1 m  in te rv a ls  a lo n g  a  4 m  
long  t r a n s e c t  e x te n d in g  from  2 m in to  a d ie -off  p a tc h  to
2 m  into a n  a p p a r e n t ly  h e a l th y  b e d  (D urak o  1994). In 
con tras t ,  J e n s e n  e t  al. (1996) explic it ly  s ta te  th a t  ' th e r e  
w a s  no  a t t e m p t  to s tra tify  s a m p l in g  a c c o rd in g  to s e a 
g ra s s  c o v e ra g e ,  or to t a r g e t  h igh ly  d i s tu rb e d  or 
r e c e n t ly  co lo n ized  a r e a s ' .  J e n s e n  e t  al. (1996) s a m p le d
3 h a p h a z a r d l y  s e le c te d  s ta t io n s  w ith in  R ab b i t  Key 
B asin  (scale  of s ta t io n  s e p a r a t io n  u n k n o w n ) ;  a t  e a c h  
s ta tion , a n  a r e a  of 115 m 2 w a s  h a p h a z a r d l y  s a m p le d  by 
t a k in g  th ir ty  15.3 cm  d ia m e te r  cores .  T h is  s a m p l in g  
d e s ig n  also fa i led  to a d d r e s s  k n o w n  e n v i r o n m e n ta l  
a n d  b io log ica l  g r a d i e n t s  in  R ab b i t  Key b a s in  (Z iem an  
e t  al. 1989). D esp i te  th is  g r e a t  d ispa r i ty  in s a m p l in g  
a n d  a n a ly se s ,  th e  re su l ts  o b ta in e d  by  J e n s e n  e t  al. 
(1996) a r e  r e m a r k e d ly  s im ila r  to th o se  of D u ra k o  (1994) 
a n d  a n  ob je c t iv e  e v a lu a t io n  of th e  d a t a  sh o u ld  n o t  h a v e  
fa i led  to n o te  th is  similarity.

J e n s e n  e t  al. (1996) in t e rp re t  th e i r  re su l ts  as confl ic t
in g  w ith  c h a n g e s  p r e d i c te d  by D u ra k o  (1994). This  
co n c lu s io n  is b a s e d  on  m i s r e p r e s e n t a t io n  of th e  d a ta  
p r e s e n t e d  in th e  e a r l ie r  study, a fu n d a m e n ta l  m i s a p p l i 
ca t io n  of th e  d e m o g r a p h ic  sta tis tics  d e r iv e d  from  
p o p u la t io n  a g e - s t r u c t u r e  d a ta  (year- to -year) ,  a n d  im 
p ro p e r  u se  of s ta tis t ica l  a n a ly s e s .  E v e n  w i th o u t  th e s e  
a n a ly t ic a l  p ro b le m s ,  th e  spec if ic  c o m p a r is o n  of shoo t  
d e n s i t ie s  m e a s u r e d  by  D u ra k o  (1994) w ith  tho se  
r e p o r te d  by  J e n s e n  e t  al. (1996) r e p r e s e n t s  a n  i n a p p r o 
p r ia te  tes t  of th e  e a r l ie r  s tu d y 's  p re d ic t io n s  b e c a u s e ,  as 
s t a te d  ab ov e ,  th e  s a m p l in g  s i tes  a n d  c r i te r ion  for si te
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se lec t io n  d i f fe re d  (e.g. f ixed  s a m p l in g  g r id  a n d  p r e s 
e n c e  of v is ib le  d ie -off  vs h a p h a z a r d  sam p lin g ) ,  th e  
m e th o d s  of co llec tion  d if fe re d  (q u a d r a t  h a rv e s t in g  vs 
co re  sam p ling ) ,  a n d  th e  d e n s i t ie s  w e re  m e a s u r e d  in 
d i f f e re n t  s e a s o n s  (April vs J u n e ) .  D u ra k o  (1994) only 
s a m p le d  s i tes  'w ith  v is ib le  d ie -o ff  p a t c h e s ’. S e a g ra s s  
d ie -o ff  is d e f in e d  by  a s ign if ican t  loss of shoots,  i.e. a 
r e d u c e d  sho o t  d e n s i ty  (R obb lee  et al. 1991, D u ra k o
1995). S e a s o n a l  c h a n g e s  in sh oo t  d e n s i ty  c a n  also  b e  
s ig n if ic a n t  in this  r e g io n  (Z iem an  1975, D u ra k o  1995) 
a n d  could , ad d it iona l ly ,  h a v e  c o n fo u n d e d  th e  c o m p a r 
isons.

J e n s e n  e t  al. (1996) s ta te  th a t  D u ra k o  (1994) p r e 
d ic te d  th a t  th e  p o p u la t io n  of T ha lassia  te s tu d in u m  in 
R ab b i t  K ey  w o u ld  ex h ib i t  a  c o n t in u o u s  d e c l in e  in s e a 
g ra s s  sh o o t  d e n s i ty  of 15 to 4 9 %  y r 1. T h is  s t a te m e n t  is 
w ro n g .  D u ra k o  (1994, p. 64) s ta ted ,  b a s e d  on  th e  a g e  
s t ru c tu r e  d a t a  from  th e  3 b a s in s  s a m p le d  (R ank in  Lake, 
J o h n s o n  Key Basin, a n d  R ab b i t  Key Basin), th a t  ‘shoo t  
d e n s i t i e s  in  1991 a r e  p r e d ic te d  to b e  15 to 4 9 %  lo w er  
th a n  th o s e  in 1990 w i th  th e  g r e a t e s t  d e c l in e s  o c cu r r in g  
in th e  JKB ( J o h n so n  Key Basin) a n d  RKB (R abbit  Key 
Basin) p o p u la t io n s ' .  J e n s e n  e t  al. (1996) to ta lly  ig n o r e d  
th e  po ss ib il i ty  th a t  c h a n g e s  in r e c r u i tm e n t  a n d  m o r t a l 
ity p a t t e r n s  in  th e  i n t e rv e n in g  4 yr b e t w e e n  th e  2 s t u d 
ies m a y  h a v e  in f lu e n c e d  th e i r  results,- th e y  also  im ply  
th a t  D u ra k o  (1994) m e a n t  to d o  th e  sa m e .  T h is  is m o s t  
d i s tu rb in g  s in ce  o n e  of th e  m a jo r  po in ts  of D u ra k o  
(1994) w a s  to c o n tr a s t  th e  s ig n if ic an t  y e a r - to -y e a r  v a r i 
ab i l i ty  in  r e c r u i tm e n t  a n d  m o r ta l i ty  (T able  1).

A n  a p p r o p r ia t e  te s t  of th e  p re d ic t iv e  ab il i ty  of th e  
p o p u la t io n  m o d e l  sh o u ld  c o m p a r e  c a lc u la te d  n e t  
s h o o t  p ro d u c t io n  a n d  th e  re la t iv e  c h a n g e  m  shoo t  
d e n s i t i e s  b e tw e e n  2 c o n se c u t iv e  years .  T h is  tes t can  
b e  c o n d u c te d  u s in g  d a t a  p r e s e n t e d  in D u ra k o  (1994). 
T a b le  1 p r e s e n t s  s e v e ra l  d e m o g r a p h ic  a n d  q u a n t i t a 
tive s ta tis t ics  o r ig ina l ly  p r e s e n t e d  in T a b le  2 a n d  
Fig. 7 of D u ra k o  (1994). T h e  n e t  s h o o t -p ro d u c t io n  e s t i 
m a te  for th e  R ab b i t  Key b a s in  p o p u la t io n  of Tha lassia  
te s tu d in u m , b a s e d  on  s a m p le s  co l le c ted  d u r in g  April 
1989, 'p re d ic ts '  th a t  sh oo t  d e n s i t i e s  will b e  4 %  lo w e r  
in 1990. T h e  m e a s u r e d  d e c l in e  in m e a n  sh oo t  d e n s i 
ties u s in g  th e  s a m e  sa m p l in g  s t r a te g y  (bu t n o t  th e  
s a m e  s a m p le  sites) w a s  2 % .  For  th e  R a n k in  L ak e  a n d  
J o h n s o n  K ey  p o p u la t io n s ,  th e  'p re d ic t io n s '  for shoo t  
d e n s i ty  c h a n g e s  w e r e  - 4 0 %  a n d  + 5 % ;  m e a s u r e d  
d e n s i ty  c h a n g e s  w e r e  - 2 2 %  a n d  - 1 2 % ,  respec t ive ly .  
E x c e p t  for th e  J o h n s o n  K ey  p o p u la t io n ,  th e  m o d e l  
re f lec ts  th e  p o p u la t io n  s ta tu s  fairly closely. T h e  
c h a n g e  in p o p u la t io n  s ta tu s  in J o h n s o n  Key, from  
a p p ro x im a te ly  s t e a d y - s t a te  to d e c re a s in g ,  d o es  no t 
in v a l id a te  th e  m odel ,  b u t  re f lec ts  th e  in c r e a s e  in m o r 
tality  r a te  a s s o c ia te d  w i th  th e  s p r e a d  of d ie -off  d u r in g  
this  t im e  p e r io d  (Roblee  et al. 1991, D u ra k o  e t  al. 
1992, D u ra k o  1994).

Spatia l variab ility  and data co lle c tio n . In ad d i t io n  to 
the i r  m o d e l  test,  J e n s e n  e t  al. (1996) e x a m in e d  th e  
e ffec ts  of sp a t ia l  var iab il i ty  a n d  d a ta  collec tion  on 
d e m o g r a p h ic  s ta tis tics  o b ta in e d  u s in g  reco n s t ru c t iv e  
te c h n iq u e s .  W e a g r e e  th a t  th e se  a r e  is sues  th a t  s e a 
g rass  eco log is ts  m u s t  face  in e v a lu a t in g  s e a g ra s s  
d y n a m ic s  a t  th e  l a n d s c a p e  level. U nfor tuna te ly ,  th e  
con c lu s io ns  of J e n s e n  e t  al. (1996) a r e  b a s e d  on 
r e p e a t e d  m isu se  of s ta tis t ica l  an a ly s e s  a n d  a r t ifac ts  of 
sa m p le  p ro c es s in g .  T h e  a u th o rs  re p o r t  th a t  a p p r o x i 
m a te ly  40 7 of the  shoo ts  in th e i r  (we a s s u m e  
p ro c es sed )  sa m p le s  w e re  ' fo u n d  to b e  u n a t t a c h e d ' .  
Th is  s t a te m e n t  is m is lead in g .  W h a t  is a c tu a l ly  b e in g  
r e p o r te d  is th a t  d u r in g  th e ir  p ro c e s s in g  of co re  s a m 
ples, 4 0 %  of th e  sho o ts  w e re  b r o k e n  from  th e i r  r h i 
zo m e  a t t a c h m e n t .  T h e  a u th o rs  th e n  a r g u e  th a t  b r e a k 
a g e  of shoots  d u r in g  s a m p l in g  co llec tion  m a y  bias  the  
re su l ts  if older, longer ,  shoo ts  a r e  m o re  like ly  to b r e a k  
th a n  yo u n g e r ,  sh o r te r  o n es  This  is a poss ib il ity  w o r th  
testing,- h o w ever ,  it is n o t  a p ro b le m  of r e c o n s t ru c t iv e  
te c h n iq u e s ,  b u t  of h o w  th e  s a m p le s  w e re  h a n d le d .  T h e  
n u m b e r  of shoots  th a t  b r e a k  from  th e i r  rh izo m e  a t t a c h 
m e n t s  c an  be  m in im iz e d  by lay in g  co res  on th e i r  s ides 
a n d  care fu lly  re m o v in g  th e  s e d im e n ts  u s in g  a w a te r  
jet.  U sing  this m e th o d  re d u c e s  th e  p ro p o r t io n  of b r o 
k e n  T halassia  te s tu d in u m  shoo ts  from  a b o u t  2 5 %  to 
a b o u t  1 0 'A of th e  to tal s a m p le  (D u ar te  u n p u b l  ).

T h e  e v a lu a t io n  p r e s e n t e d  by J e n s e n  e t  al. (1996) on 
th e  effec ts  of w h a t  th e y  te rm  is 'd a ta  c en so r in g '  by 
e x c lu s io n  of th e  u n a t t a c h e d  shoots  is d e r iv e d  u s in g  a 
se r ie s  of in a p p r o p r ia te  s ta tis t ica l  co m p a r iso n s  of p o p u 
la t ion  ch a rac te r is t ic s  for a t t a c h e d  sh oo t  v e rsu s  total 
( inc ludes  a t t a c h e d  a n d  u n a t t a c h e d )  shoots.  T h e  
a t t a c h e d - s h o o t  p o p u la t io n  is a s u b s a m p le  of the  total- 
shoo t  p o p u la t ion ,  a n d  th e re fo re  is no t  a n  i n d e p e n d e n t  
sam p le .  T h e  null h y p o th e s is  of th e  K olm ogorov- 
S m irn o v  2 -s a m p le  te s t  u s e d  by  J e n s e n  et al. (1996) is 
id e n t i ty  in d is tr ibu t ion  for th e  2 s a m p le s  (Sokal & Rohlf 
1981). A t ta c h e d  a n d  to tal sh o r t-sh o o ts  c a m e  from  th e  
s a m e  sam p le .  A c c o rd in g  to the  au thors ,  a p p ro x im a te ly  
6 0 %  of th e  to tal p o p u la t io n  is co m p r ise d  of the  
a t t a c h e d  shoots,  a g a in s t  w h ic h  th e y  m a k e  p a irw ise  
com p ar ison s .  T h is  n o n in d e p e n d e n c e  of sa m p le s  v io 
la te s  th e  m os t f u n d a m e n ta l  of s ta tis tica l a s su m p tio n s  
a n d  in v a l id a te s  a n y  e v a lu a t io n  of s ta tis t ica l  s ign if i
c a n c e  for a t t a c h e d  vs to tal shoots  (Tables 1 & 3 in 
J e n s e n  e t  al. 1996). In  add it ion ,  in T ab le  3 of J e n s e n  et 
al. (1996) th e  a u th o r s  p r e s e n t  m u l t ip le  p a i rw ise  c o m 
p ar i so n s  of th e  a t t a c h e d  a n d  total a g e  d is tr ibu tions  
from  3 s a m p lin g  s i tes  u s in g  th e  K o lm og orov -S m irn ov  
te s t  of similarity . T h e  a u th o r s  in d ic a te  th a t  6 of th e  16 
co m p a r iso n s  in d ic a te  th a t  th e  a g e  d is tr ibu t ion s  a re  
s ign if ican tly  d i f fe re n t  u s in g  a  = 0.05. T h e y  fa i led  to 
re c o g n iz e  th a t  th e s e  p a irw ise  c o m p a r iso n s  a re  not 
i n d e p e n d e n t  (2 of th e  's ign if ican tly  d i f f e r e n t ’ co m p a r -
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tsons w e r e  b e tw e e n  s u b s a m p le s  of s ing le  sam ples)  a n d  
th a t  th e  u se  of a  = 0.05 is in a p p ro p r ia te .  B e c a u se  m u l 
tip le  p a i rw ise  co m p a r iso n s  w e re  c o n d u c te d  on  the  
s a m e  d a ta ,  a n  a d ju s tm e n t  d e s ig n e d  to limit overall  
e x p e n m e n tw i s e  e r ro r  ra te  su ch  as th e  B onferron i 
in e q u a l i ty  (a ' = a  In, w h e r e  n is th e  n u m b e r  of tes ts  c o n 
d uc ted ;  G la n tz  1992) m u s t  be  u se d  to d e te r m in e  th e  p 
v a lu es .  T h e  p ro p e r  p v a lu e  of 0.003 p ro d u c e s  critical D 
v a lu e s  th a t  a r e  3 3 %  h ig h e r  (Z50 003 = 1.803/Vn versus  
A) os = 1.358 Vn; S oka l & Rohlf 1981) th a n  the  v a lu e s  
u s e d  by  J e n s e n  e t  al. (1996), r e d u c in g  th e  n u m b e r  of 
s ign if ican t  d i f fe re n c e s  a m o n g  the i r  com par isons .

In a d d i t io n  to th e  im p ro p e r  u se  of sta tis t ica l  ana ly ses ,  
th e  f igu res  a n d  c o m p a ra t iv e  d iscu ss io n  of m e a n  a n d  
m a x im u m  a g e s  for th e  a t t a c h e d  a n d  to tal shoo ts  from 
th e  3 s i tes  s a m p le d  by J e n s e n  e t  al. (1996) a r e  a lso m is 
le ad in g .  B e c a u se  the  d is t r ib u t io ns  of sh oo t  a g e  a re  
s t ro n g ly  s k e w e d  (see Fig. 3 in J e n s e n  e t  al. 1996), 
m e a n  v a lu e s  a r e  an  in a p p r o p r ia te  m e a s u r e  of c en tra l  
te n d en c y ,  i.e. th ey  a r e  g re a t ly  in f lu e n c e d  by  th e  few 
v e ry  old shoo ts  e n c o u n te r e d  (G lantz  1992). T h e  m a x i 
m u m  a g e  in  a r a n d o m  sa m p le  from  su c h  s k e w e d  d is tr i 
b u t io n s  m a y  in c re a se  w ith  sa m p le  size. H en c e ,  a la r g e r  
sa m p le  size (e.g. total vs a t t a c h e d  shoots) will re su l t  in 
m o re  old shoo ts  b e in g  in c lu d e d  an d ,  thus , a la rg e r  
m e a n  sh o o t  age ,  e v e n  if the  u n d e r ly in g  shoo t a g e  d i s 
tr ibu t io n  w a s  exac t ly  the  sam e .  T h e  d i f fe ren ce s  in 
m e a n  sh oo t  ag e ,  d is cu ssed  as ' ind ica t ive  th a t  the  
cho ice  of s a m p l in g  s ta tion  will in f lu en ce  th e  i n t e r p r e 
ta t ion  of th e  d e m o g r a p h ic s  of th e  s a m p le d  p o p u la t io n 1, 
m a y  sim ply  re f lec t  d i f fe ren ce s  in s a m p le  size (i.e. n u m 
b e r  of shoo ts  ag ed ) .  A m o re  a p p ro p r ia t e  co m p a r iso n  of 
the  ce n tra l  t e n d e n c y  in shoo t  a g e  d is tr ib u t io ns  w ith  
d if fe r ing  s a m p le  s izes  sh o u ld  b e  b a s e d  on  th e  m e d ia n  
(G lan tz  1992), a n d  m u s t  in c lu d e  p r o p e r  sta tis tica l c o m 
p a r i so n s  (e.g. a t t a c h e d  vs a t ta c h e d )  to te s t  w h e th e r  d if
f e r e n c e s  in d e sc r ip to rs  of the  a g e  d is tr ibu t ion  w e re  s ig 
n if ican t ly  d i f fe ren t  b e tw e e n  s tations. T h is  m u l t i tu d e  of 
f u n d a m e n ta l  e r ro rs  u n d e rm in e s  th e  va lid ity  of th e  c o n 
c lus ions  of J e n s e n  et al. (1996).

Test co n c lu s io n s  and reco m m en d ed  a ltern a tive  
p o p u la tio n  m od els. T h e  c o n c lu s ion s  a n d  r e c o m m e n 
d a t io n s  m a d e  by J e n s e n  e t  al. (1996) a r e  in co n s is te n t  
w ith  ex is t in g  k n o w le d g e  or in fo rm a t io n  p r e s e n t e d  in 
p a p e r s  th ey  cited , a n d  th e y  a r e  in a p p r o p r ia te  for a 
lo n g - l iv ed  spec ie s  su ch  as Tha lassia  te s tu d in u m .  
D u ra k o  (1994) d e m o n s t r a t e d  s ig n if ican t  in t e r a n n u a l  
variab il i ty  in m or ta l i ty  a n d  r e c r u i tm e n t  ra te s  (1989 vs 
1990), in d ica t ive  th a t  th e  a s s u m p t io n  of c o n s ta n t  m o r 
tality ra te s  a n d  re c r u i tm e n t  ra te s  n e c e s s a ry  for longer-  
te rm  fo recas ts  do no t  ho ld  for th e  F lorida  Bay sea- 
g rasses .  H en c e ,  th e  ' tes t '  of th e  p re d ic t io n s  m a d e  by 
J e n s e n  et al. (1996) is f law e d  by te s t in g  a fo recas t  w ith  
a 1 yr an t ic ipa t io n ,  4 yr later, a n d  th e n  a d d i t io n a l ly  m is 
in te rp re t in g  th e  p red ic t io n  v a lu e s  w h ic h  w e re  fo r m u 

la te d  for 3 d i f fe re n t  bas ins ,  no t  as r a n g e s  for R ab b it  
Key Basin. M oreov er ,  D u ra k o  (1994) d e s c r ib e d  in 
c r e a s e d  m or ta l i ty  a n d  re c r u i tm e n t  ra te s  in  r e s p o n s e  to 
s e a g r a s s  d ie -o ff  in all 3 F lor ida  Bay  b as ins .  D u ra k o  
(1994) also  s u g g e s t e d  th a t  r e c r u i tm e n t  ra te s  w e re  
l ikely  to a g a in  in c r e a s e  in 1991, b e c a u s e  th e  d e n s i ty  of 
rh iz o m e  a p e x e s  (the orig in  of all n e w  shoots)  w a s  s ig 
n if ican t ly  (5-fold) g r e a t e r  in  1990 th a n  in 1989, l e a d in g  
to the  e x p e c ta t io n  of g r e a t e r  r e c r u i tm e n t  ra te s  in 1991

A tes t of th e  in f lu e n c e  of sp a t ia l  h e te r o g e n e i ty  on 
d e m o g r a p h ic  sta tistics, a n d  h e n c e  of th e  im p o r t a n c e  of 
sp a t ia l  variabil ity ,  m u s t  n e c e s s a r i ly  b e  b a s e d  on  a s t a 
tistical c o m p ar iso n .  T h e  g ross  r e c r u i tm e n t  a n d  m o r t a l 
ity ra te s  in T a b le  2 of J e n s e n  e t  al. (1996) a r e  no t  s ig 
n if ican tly  d i f f e re n t  a m o n g  sites  for to ta l  shoo ts  n o r  for 
a t t a c h e d  shoots .  In ad d it ion ,  the  m a x im u m  sh oo t  a g e s  
a n d  e s t im a te s  of g ro ss  r e c r u i tm e n t  a n d  to tal sh oo t  m o r 
tality  (versus m or ta l i ty  of cohorts)  in this  ta b le  a re  q u ite  
s im ila r  to th o se  r e p o r te d  by D u ra k o  (1994) for R ab b it  
Key Basin. T h e  sim ilari ty  of th e  re su l ts  o b ta in e d  from  
co m p le te ly  d i f fe re n t  s ta t ion s  a t  d i f fe re n t  t im es  (years 
a n d  m o n th s )  r e n d e r s  inva l id  th e  c la im  by  J e n s e n  e t  al. 
(1996) th a t  th e i r  re su l ts  d e m o n s t r a t e  th a t  th e  cho ice  of 
s a m p l in g  s ta t ion  s ig n if ican t ly  b ia se s  the  ca lc u la t io n  of 
d e m o g r a p h ic  sta tistics. D u ra k o  (1994) a lso  s a m p le d  a t  
a  sp a t ia l  s ca le  m u c h  l a r g e r  th a n  th a t  u s e d  by J e n s e n  et 
al. (1996). A ccord ing ly ,  th e  re su l ts  of th e  ea r l ie r  s tu d y  
c a n n o t  b e  d e p e n d e n t  on  th e  s a m e  sp a t ia l  sca le  of s a m 
p ling  as  a r g u e d  by  J e n s e n  e t  al. (1996). T hus ,  in  c o n 
tra s t  to th e  co n c lu s io n s  of J e n s e n  e t  al. (1996), the i r  
d a ta  p ro v id e  li tt le e v id e n c e  th a t  sp a t ia l  va r iab i l i ty  is a n  
im p o r ta n t  fac to r  p o ten t ia l ly  b ia s in g  th e  d e m o g r a p h ic  
p red ic t io ns .

T h e r e  w e r e  v e ry  few  s tu d ie s  of s e a g r a s s  d e m o g r a 
p h y  b e fo re  re c o n s t ru c t iv e  te c h n iq u e s  w e r e  a p p l ie d  
(see re v ie w  by  H a r r i so n  1990). A m a jo r  r e a s o n  for this 
is th a t  d i re c t  m e a s u r e m e n t s  of s e a g r a s s  b ir th  a n d  m o r 
tality, by  fo l low ing  in d iv id u a l  sho o ts  th r o u g h  time, a re  
c u m b e r so m e ,  t im e -c o n su m in g ,  a n d  log is tically  u n f e a 
sib le  for lon g - l iv ed  spec ies .  H e n c e ,  p o s tu la t in g  th e  use  
of d a ta - in t e n s iv e  m o de ls ,  su ch  as a n  a g e - s t r u c t u r e d  
p ro je c t io n  m atr ix ,  w i th o u t  a r igo ro u s  a s s e s s m e n t  of 
th e i r  uti li ty  is h ig h ly  sp e cu la t iv e .  A l th o u g h  J e n s e n  e t  
al. (1996) a d v o c a te  the  u se  of a g e - s t r u c t u r e d  m a tr ix  
p o p u la t io n  m o d e l s  in  s e a g r a s s  d e m o g r a p h y  (and  use  
a n  u n p u b l i s h e d  c ita t ion  as  su p po r t) ,  th e y  also  r e c o g 
n ize  th a t  a g e - s t r u c t u r e d  m o d e ls  for s e a g r a s s e s  c a n n o t  
b e  a c c u ra te ly  p a r a m e te r i z e d  a t  this  t ime. A g e - s t r u c 
tu r e d  m a tr ix  m o d e l s  a r e  a p p e a l in g  b e c a u s e  th e  g r e a t e r  
de ta i l  th ey  r e q u i r e  p ro v id e s  th e  sc ien t is t  w i th  the  
r e w a r d i n g  fee l in g  of g r e a t e r  u n d e r s ta n d in g .  W e c o n 
ten d ,  h o w e v e r ,  th a t  a s s e s s m e n t  a n d  p red ic t io n ,  r a th e r  
th a n  u n d e r s ta n d in g ,  a r e  m o re  f re q u e n t ly  th e  p r im a ry  
g o a ls  for s e a g r a s s  eco log is ts ,  p a r t ic u la r ly  on  is sues  
w h e r e  th e r e  is a n  exp lic it  d e m a n d  for s ta tu s  a n d  t r e n d



302 M a r  Ecol P ro g  S e r  146: 2 9 7 -3 0 3 ,  1997

a n a ly s is  by  re s o u rc e  m a n a g e r s .  T h e  b e s t  m o d e l  is, 
th e r e fo re ,  th a t  w h ich  p ro v id e s  th e  b e s t  a s s e s s m e n t  or 
p re d ic t io n s ,  r e g a r d le s s  of h o w  m u c h  d e ta i l  it con ta ins .  
T h e  m o d e l  c h o ic e  sh o u ld  also  a llow  for w id e s p r e a d  
a p p l ic ab i l i ty  w i th o u t  th e  n e e d  for e x te n s iv e  local 
r e s o u rc e s  to su p p o r t  a c a d e m ic  re s e a rc h .

T h e  a g e - s t r u c t u r e d  a p p r o a c h  m a y  b e  b e t t e r  su i ted  
for sp e c ie s  w h o s e  shoo t  life s p a n  is sho r t  (e.g. H alodu le , 
H a loph ila , a n d  Z o stera  s p p .), for w h ic h  the  a p p l ic a t io n  
of r e c o n s t ru c t iv e  a g e  d e te r m in a t io n s  is a lso  no t  p r a c t i 
cal.  B e c a u s e  th e  u se  of a g e - s t r u c t u r e d  m a t r ix  p o p u l a 
tion  m o d e l s  invo lves  e s t im a t io n  of a g e - d e p e n d e n t  
t r an s i t io n  p ro b ab i l i t i e s ,  w h ic h  re q u i r e s  iden t if ica t ion  of 
sh oo ts  as th e y  re c ru i t  to th e  p o p u la t io n  a n d  fo l low ing  
t h e m  th r o u g h  time, th e y  c a n n o t  b e  p rac t ica l ly  a p p l ie d  
to s e a g r a s s e s  w i th  lo n g - l iv ed  sh o r t - sh o o ts  su ch  as  T h a 
lassia  (>10 yr) a n d  P osidon ia  spp .  (>30 yr). Also, a g e  
d is t r ib u t io n s  of th e  shoo ts  for th e s e  sp ec ie s  c a n n o t  b e  
a s c e r t a i n e d  w i th o u t  d e s t ru c t iv e  sa m p l in g .  It m a y  b e  
feas ib le ,  h o w e v e r ,  to n o n d e s t ru c t iv e ly  d e t e r m i n e  a g e  
d is t r ib u t io n s  for so m e  lo n g e r - l iv ed  g e n e r a  (e.g. T h a la s 
so d e n d r o n  a n d  A m p h ib o lis ) w h ic h  p r o d u c e  shor t-  
shoo ts  th a t  e x t e n d  into th e  w a te r  co lum n.

C a s w e l l  (1989) p o in ts  ou t  th a t  in m a tr ix  p o p u la t io n  
m o d e ls ,  a g e  is a n  ' i n a d e q u a t e  ¿-state v a r ia b le '  (i.e. a  
v a r i a b le  u s e d  to c h a ra c te r i z e  in d iv id u a ls  w i th in  a p o p 
u la t ion)  for sp e c ie s  w h ic h  ex h ib i t  m u l t ip le  m o d e s  of r e 
p ro d u c t io n  (such  as Tha lassia  testud inum -, T o m lin so n  
1974, Z ie m a n  1975, D u ra k o  & M offle r  1987). In th e s e  
cases ,  th e  p ro b a b i l i ty  of su rv iv a l  to th e  n e x t  a g e  class 
o f ten  d iffers  m a r k e d ly  (3- to 30-fold; cf. C o o k  1985) d e 
p e n d in g  on  w h e t h e r  in d iv id u a ls  w e r e  p r o d u c e d  v e g e -  
ta t ive ly  or f ro m  se ed .  T h e  in a d e q u a c y  of a g e -sp ec if ic  
m o d e l s  for th e s e  sp e c ie s  c o u p le d  w ith  th e  lack  of a n y  
o b v iou s  a l t e rn a t iv e  ¿-state  v a r ia b le s  (e.g. size or p h y s i 
o log ica l  m etrics) ,  w h ic h  a r e  n o t  s u b je c t  to th e  s a m e  
co m p l ic a t io n s  c a u s e d  by  m u l t ip le  m o d e s  of r e p r o d u c 
tion, u n d e r s c o r e s  a d d i t io n a l  o b s ta c le s  in a p p ly in g  
th e s e  a l t e rn a t iv e  m e th o d s .  W e a g r e e  th a t  f u r th e r  e x 
a m in a t io n  of a g e -s p e c if ic  su rv iv a l  a n d  fe cu n d i ty  
s c h e d u le s  for lo n g - l iv e d  s e a g r a s s e s  is n e e d e d ,  b u t  w e  
a lso  fee i  t h a t  th e  u se  of re c o n s t ru c t iv e  t e c h n iq u e s  c u r 
re n t ly  offers th e  on ly  p rac t ica l  a l t e rn a t iv e  to a s s e s s in g  
s e a g r a s s  d e m o g r a p h y  for lo n g - l iv e d  spec ies ,  th e r e b y  
p ro v id in g  th e  k n o w le d g e  n e c e s s a r y  to a s se ss  a n d  m a n 
a g e  th e s e  im p o r t a n t  co as ta l  e co sy s te m s .  H a d  J e n s e n  et 
al. (1996) c o n s id e re d  th e  a g e -s p e c i f i c  m a tr ix  m o d e l s  in 
l igh t  of th e  life h is to ry  a t t r ib u te s  of T halassia  te s tu d i
n u m , t h e y  u n d o u b te d l y  w o u ld  h a v e  r e c o g n iz e d  th e  i n 
h e r e n t  i n a d e q u a c y  of a l t e rn a t iv e  a g e - b a s e d  m od e ls ,  in 
this  con tex t .  W e c o n c lu d e  by e n c o u r a g in g  efforts  to 
p ro v id e  r igo rous ,  u n b ia s e d  tes ts  of m o d e l s  of s e a g r a s s  
p o p u la t io n  d y n am ics ,  w h ile  w a r n in g  o u r  p e e r s  of the  
l im i ta t ion s  a s s o c ia te d  w ith  d e v e lo p in g  m o d e l s  too d e 
m a n d i n g  or in a p p r o p r ia te  for w id e s p r e a d  ap p lica t ion .
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