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ABSTRACT 

Keeley, J.E., Sternberg, L.O. and DeNiro, M.J., 1986. The use of stable isotopes in the 
study of photosynthesis in aquatic plants. Aquat. Bot., 26:213--223. 

The ratio of ~3C/'2C for photosynthetic tissues of 22 aquatic species was unrelated to 
photosynthetic pathway. In three aquatic environments CAM and non-CAM species were 
shown to have similar 513C values. Although these CAM species derive up to half of  their 
net carbon gain through dark fixation their 613C values are similar to associated non-CAM 
species in part because the carbon source for dark CO 2 uptake is CO2 released, through 
respiration or decomposition, from organic carbon. Thus, the carbon source for CAM 
reflects previous isotope discrimination events. As carbon isotopes are not able to distin- 
guish the photosynthetic pathway, there is good evidence that they may prove invaluable 
in the study of diffusional resistances to photosynthesis. Such evaluations require careful 
analysis of the photosynthetic pathway, carbon species utilized and ~ ~3C value of the 
source carbon. Although stable carbon isotope values do not allow differentiation be- 
tween CAM and non-CAM aquatic species, there is evidence that hydrogen isotopes may 
be able to distinguish these two groups. Aquatic CAM species were shown to accumulate 
greater levels of deuterium than associated non-CAM species. 

INTRODUCTION 

In recent years there has been a noticeable increase in attention paid to 
photosynthetic pathways in submerged aquatic macrophytes. Work in this 
field has shown that the aquatic milieu has selected for a number of sur- 
prising photosynthetic characteristics. One example is the discovery of 
Crassulacean Acid Metabolism (CAM), a photosynthetic pathway once 
thought to be restricted to xerophytes, in submerged aquatic species of 
Isoetes (Keeley, 1981) and several other aquatic macrophytes (Keeley and 
Morton, 1982). Another noteworthy find is that by Bowes and co-workers 
of the unusual combination of C3 and C4 carboxylation reactions occurring 
within the same cells in leaves of Hydrilla verticillata (L.f.) Royle (Holaday 
and Bowes, 1980; Bowes and Salvucci, 1984). 
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In terrestrial plant photosynthesis studies the stable isotopes of carbon 
and hydrogen have been shown to be useful indicators of the photosynthetic 
pathway. C3 species are readily distinguished from C4 species by the 8~3C 
ratio; it is typically in the range of  - 28%0 or lower for the former group and 
- 12 to - 14%0 for C4 species. This technique, however, is not always capable 
of distinguishing Crassulacean Acid Metabolism in terrestrial plants. Species 
which obtain the bulk of their carbon by uptake and fixation at night have 

~aC ratios similar to C4 plants. However, many species with a well devel- 
oped CAM pathway will couple dark CO: uptake with CO: uptake in the 
light or, in some seasons, rely totally on light uptake and thus CAM plant 
5~aC ratios will span the entire range from -12 to -30%0 (Teeri, 1982). 

Hydrogen isotopes have shown some promise for distinguishing CAM from 
non-CAM species due to the fact that CAM plants accumulate greater levels 
of deuterium than associated non-CAM species. This approach appears to 
work in both terrestrial and aquatic environments (Ziegler et al., 1976; 
Sternberg and DeNiro, 1983; Sternberg et al., 1984). 

In this study, we explore the relationship of photosynthetic pathway, in 
particular the CAM and non-CAM modes, and the stable carbon and hydro- 
gen isotope ratios of selected submerged aquatic macrophytes. 

METHODS 

All plants were collected, or maintained in cultivation, under submerged 
conditions. Field collections from various parts of California (U.S.A.) were 
made during the spring from two seasonal pools, Mesa de Colorado Pool 
(610 m), Riverside Co. and Mather Pool (1375 m), Tuolumne Co., and three 
lakes, Siesta Lake (2440 m), Tuolumne Co., Birch Lake (1375 m) Tuolumne 
Co. and SearsviUe Lake (110 m), San Mateo Co. 

Plants were tested for the presence of CAM by measuring the titratable 
acidity to pH 6.4 and malic acid content of photosynthetic tissues at 0.600-- 
07.00 and 17.00--18.00 h. The techniques are as described in Keeley and 
Busch (1984). 

The carbon isotope (~aC/I:C) ratios and hydrogen isotope (D/H) ratios 
were determined on plant and water samples as described by Sternberg et 
al. (1984). These ratios are expressed as 5(% 0) = [(isotope ratio of sample/ 
isotope ratio of standard) - 1] × 1000 relative to the common standards for 
these isotopes (see Sternberg et al., 1984). 

The initial carboxylation products were determined for selected species 
with 14C tracer. Leaves were incubated in 10 mM morpholino-ethane sul- 
phonic acid-NaOH (pH 5.5) with 1 mM NaH~4CO3 (25 pCi.1) with 1000 
pmol m -2 s -~ photosynthetic photon flux density. After brief exposure tis- 
sues were killed in boiling methanol, homogenized and centrifuged. After 
drying, samples were resuspended in water, and products were separated 
with two-dimensional thin layer electrophoresis and chromatography follow- 
ed by autoradiography as described in Schurmann (1969). Ribulose-l,5-bi- 
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phosphate (RuBP) carboxylase and phosphoenolpyruvate (PEP) carboxylase 
activities were assayed as described by Lorimer et al. (1976) and Waygood 
et al. (1969), respectively, and replicated 3 times. 

RESULTS  AND DISCUSSION 

Across the spectrum of  plant species tested only a few showed any evi- 
dence of  CAM activity (Table I). The Isoetes species had high CAM activity 
as is true of all aquatic species in that  genus (Keeley, 1982; unpublished 
data, 1983, 1984, 1985). Littorella uniflora (L.) Aschers. is also a CAM 
plant and this has been confirmed by Boston and Adams (1985), Aulio 

TABLE I 

Evidence of Crassulacean Acid Metabolism in selected aquatic plants 

Overnight  increase 
(per  g fresh weight)  

#mol H ÷ #mol malic 
± SD acid 

X + SD (N) 

C h l o r o p h y t a  
Chara contraria Braun ex Kf/tzing 
Chara sp. 
Sp irogy rasp. 

B r y o p h y t a  
Amblystegium riparium (Hedw.)  BSG 
Fontinalis antipyretica Hedw.  

T r a c h e o p h y t a  
Lycops ida :  

Isoetes bolanderi Enge lmann  
I. howellii Enge lmann  
I. orcuttii A.A. Ea ton  

Spermops ida  - -  M o n o c o t y l e d o n e a e  : 
Eleocharis acicularis (L.) R. & S. 
E. macrostachya Bri t ton  in Small  
~Elodea canadensis Michx 
Potamogeton illinoensis Morong 
P. pectinatus L. 
Sagittaria cuneata She ldon  

Spermops ida  - -  Dico ty ledoneae :  
Callitriche longipedunculata Morong 
Ceratophyllum demersum L. 
Littorella uniflora (L.)  Aschers.  
L ythrum hyssopifolium L. 
Mentha arvensis L. 
Myriophyllum brasiliense Cambess .  
Plagio bo try s undulatus (Piper)  J tn  
Ranunculus aquatilis L. 
R. flammula L. 
Veronica comosa Richt .  

(Characeae) 0 ± 0 1 ± 2 (2) 
(Characeae) 0 ± 0 0 ± 0 (2) 
(Zygnemaceae)  0 x 0 3 ± 2 (2) 

(Hypnaceae)  0 ± 0 3 ± 1 (2) 
(Font ina laceae)  0 ± 2 4 ± 4 (2) 

( Isoetaceae)  206 ± 21 93 ± 11 (4) 
( Isoetaceae)  245 ± 9 109 ± 4 (3) 
( Isoetaceae)  152 ± 5 70 ± 7 (2) 

(Cyperaceae)  6 ± 3 1 ± 2 (6) 
(Cyperaceae)  0 ± 0 0 ± 0 (2) 
(Hydrochar i t aceae)  1 ± 3 7 ± 3 (2) 
(Po tamoge tonaceae )  0 ± 0 3 ± 2 (2) 
(Po tamoge tonaceae )  0 ± 0 6 ± 4 (2) 
(Alismaceae)  7 ± 1 5 + 3 (2) 

(Call i tr ichaceae) I ± 1 1 ± I (2) 
(Cera tophyl laceae)  0 ± 1 - 7  ± 3 (2) 
(Plantaginaceae)  93 ± 11 45 +- 7 (4) 
(Lythraceae)  0 - 0 0 ± 0 (2) 
(Lamiaeeae)  0 + 0 0 ± 0 (2) 
(Haloragaeeae) 0 + 0 4 ± 2 (2) 
(Boraginaceae) 0 ± 0 0 ± 0 (2) 
(Ranunculaceae)  3 ± 4 6 ± 3 (2) 
(Ranunculaceae)  0 ± 0 1 -+ 1 (2) 
(Scrophular iaceae)  0 ± 0 0 -+ 0 (2) 
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(1985) and Farmer and Spence (1985). The only other known example of 
an aquatic species with overnight acid accumulation of the order of mag- 
nitude observed for these species is for Crassula aquatica (L.) Sch5nl. and 
other aquatic species of that genus (Keeley and Morton, 1982; J.E. Keeley, 
unpublished data, 1982, 1983, 1984, 1985). Evidence of CAM activity at 
much reduced levels, however, is known from several other submerged 
aquatic species, e.g. Hydrilla verticillata (Holaday and Bowes, 1980) and 
Scirpus subterminalis Torrey (Beer and Wetzel, 1981). 

Previous studies have shown that in lsoetes species and Crassula aquatica, 
CAM activity is closely associated with the aquatic milieu and is lost under 
aerial conditions (Keeley and Morton, 1982; Keeley et ah, 1983a). Aulio 
(1985) found this to be true for Littorella uniflora, but Farmer and Spence 
(1985) reported that terrestrial populations of this species retained CAM. 
Preliminary experiments suggest that the loss of CAM is cued by changes in 
leaf water potential as the leaves dry in the atmosphere (J.E. Keeley, unpub- 
lished data, 1985). Consequently, Isoetes howellii Engelm. will maintain 
high CAM activity out of water if maintained in an atmosphere > 95% 
relative humidity. The discrepancy between Aulio's and Farmer and Spence's 
findings may be tied to the fact that the latter investigators maintained 
their terrestrial population under conditions of very high humidity (A. 
Farmer, personal communication, 1985). 

The photosynthetic characteristics of the non-CAM species shown in Ta- 
ble I have not been studied for all species, although some information is 
available. Based on 14C incorporation studies it has been shown that some, 
e.g. Potamogeton pectinatus L. (Winter, 1978) and Myriophyllum brasiliense 
Cambess (Salvucci and Bowes, 1982, 1983), rely primarily on C3 type fixa- 
tion. A careful analysis of stable carbon isotope ratios by Osmond et al. 
(1981) strongly supports the classification of Fontinalis antipyretica Hedw. 
as a C3 plant. None of the species shown in Table I have Krantz anatomy 
that would suggest C4 photosynthesis (Hough and Wetzel, 1977; J.E. 
Keeley, unpublished data, 1982, 1984, 1985). However, Bowes and Sal- 
vucci (1984) have shown that Krantz anatomy is not a prerequisite for the 
C4 metabolic pathway of photosynthesis. They demonstrated that a large 
portion of the initial carbon fixation products of Hydrilla verticillata were 
organic acids and these turned over rapidly as the label moved into products 
of the C3 pathway. Eleocharis acicularis (L.) R.&S. seems to fit the Hydrilla 
pattern in that the initial products of CO2 fixation in the light are about 
equally divided between phosphoglycerate and the organic acids malate 
plus aspartate (Morton, 1984). Studies of Elodea canadensis Michx suggest 
a similar C4 pathway in certain populations of that species (DeGroote and 
Kennedy, 1977), but not in other populations (see below). 

5i3C ratios for a range of aquatic species collected during the spring and 
summer of 1983 from two seasonal pools (Mesa de Colorado and Mather) 
and three lakes in California are shown in Table II. Three of these habitats 
had CAM and non-CAM species and in all three cases there was no obvious 
difference in the 513C value between these groups. 
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T A B L E  II 

513CpD B va lues  of total  organic matter  for selected p l a n t  spec ies  f r o m  s e a s o n a l  p o o l s  o r  p e r m a n e n t  
l akes  i n  C a l i f o r n i a  a n d  s u m m a r y  of  water characteristics during the  growing s e a s o n  

Mesa  d e  C o l o r a d o  M a t h e r  S ies ta  B i r c h  Searsvil le 

Apr i l  M a y  J u n e  A u g u s t  

C h l o r o p h y t a  
Chara co ntraria - 1 5 . 8  - 2 5 . 1  
Chara sp. - 2 7 . 1  - 3 0 . 6  

B r y o p h y t a  
A m bl y s t eg i u rn  ripariurn - 3 4 . 7  - 3 4 . 3  
Fontinal is  an t ipyre t i ca  - 2 6 . 9  

T r a c h e o p b y t a  
L y c o p a i d a :  

Isoe tes  bolander i  - 2 5 . 1  
L. howel l i i  - 2 9 . 1  - 2 8 . 4  - 2 6 . 2  
L. orcu t t i i  - 2 4 . 0  - 2 7 . 6  

S p e r m o p s i d a  - -  M o n o e o t y l e d o n e a e :  
Eleocharis  acicularis - 2 5 . 0  - 2 8 . 9  - 3 0 . 9  
E. macros tachya  - 2 8 . 6  
Elodea canadensis  - 1 9 . 1  - 1 8 . 2  
P o t a m o g e t o n  illinoensis 
P. pec t i na tu s  
Sagittaria cuneata  - 2 2 . 7  

S p e r m o p s i d a  - -  D i c o t y l e d o n e a e :  
Callitriche long ipeduncu la ta  - 2 7 . 1  
C era t ophy l l um  d e m e r s u m  
L y t h r u m  h y s s o p i f o l i u m  - 3 0 . 7  
M e n t h a  arvensis - 2 5 . 3  
M y r i o p h y U u m  brasiliense 
Plagiobotrys  undula tus  - 2 7 . 4  
R a n u n c u l u s  aquatilis - 1 4 . 5  - 2 0 . 7  - 2 4 . 0  
R. f l ammula  - 2 7 . 7  
Veronica  comosa  - 2 6 . 4  

513C o f  i n o r g a n i c  c a r b o n  (°/00) 
A M  - 2 0 . 4  
PM - -  - 2 1 . 2  - 1 6 . 3  - 1 1 . 5  - -  - 1 2 . 9  

W a t e r  c h a r a c t e r i s t i c s *  
T o t a l  c a r b o n  ( tool  m -3) 0 . 5 - - 0 . 8  1 . 0 - 1 . 7  0 . 2 - 0 . 3  1 . 4 - - 1 . 5  
p H  A M  6 . 6 - - 7 . 0  6 .6  6 .3  7 .0  

PM 8 . 5 - - 1 0 . 1 0  7 .6  6 .7  7 .4  
T e m p e r a t u r e  (C) Min  1 0  15 15  15  

Max 30 28 28 25 

- 2 5 . 3  
- 2 2 . 1  

- 2 9 . 8  

- 2 8 . 4  

- 1 1 . 5  

4.6--5.1 
7.5 
7.8 

20 
30 

* F r o m  Kee l ey  a n d  M o r t o n  ( 1 9 8 2 ) ,  Kee ley  e t  al .  ( 1 9 8 3 a ,  b ) ,  Kee ley  a n d  B u s c h  ( 1 9 8 4 )  a n d  J .E .  Kee ley  
( u n p u b l i s h e d  d a t a ,  1 9 8 4 ,  1 9 8 5 ) .  

One interesting observation is that the 513C value of  the water inorganic 
carbon was markedly more negative in the two seasonal pools  than in the 
lakes. In addition, comparison of  these numbers with values from earlier 
studies at Mesa de Colorado suggests that the 513C value of  the water be- 
comes progressively more negative from early- to  late-spring; 513C water 
(% 0) = - 16.5, - 18.5 and - 20.3,  respectively, for 4 April 1981,  3 May 1981 
(Keeley and Busch, 1984)  and 25 May 1983 (Table II). The very negative 
513 C values for the Mesa de Colorado pool,  and to a lesser extent the Mather 
pool ,  can be accounted for by heterotrophic release of  previously fraction- 
ated carbon. This could come about through decomposi t ion of  organic ma- 
terial and respiration by the pool  biota; both pools  exhibit marked diurnal 
changes in CO2 content resulting from daytime photosynthetic  depletion 
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and overnight respiratory input (Keeley et al., 1983a; Keeley and Busch, 
1984). The use of  these 13C-depleted CO 2 sources would account for the sim- 
ilar 513C values for  CAM and non-CAM species in these pools, despite the 
fact that half o f  the carbon uptake in Isoetes species is initially fixed in the 
dark via PEP carboxylase (Keeley and Busch, 1984). 

Isoetes bolanderi Engelm. in Siesta Lake is also indistinguishable from as- 
sociated non-CAM species in 513C values, despite the fact that  a substantial 
port ion of  its carbon uptake is via CAM (Keeley et al., 1983b; Sandquist and 
J.E. Keeley, unpublished data, 1985, 1986). This species, however,  is likely 
to be fixing carbon which has already undergone fractionation" since it 
depends to a large extent  on CO~ uptake from the decomposi t ion of  organic 
matter  in the sediment (J.E. Keeley, unpublished data, 1983, 1984) as is 
t rue of  other  Isoetes species f rom oligotrophic lakes (Richardsan et al., 
1984;  Boston and Adams, 1985; Farmer and Spence, -1985). 

The only instance in which there was a very marked and consistent differ- 
ence in 8 ~3C ratio be tween species was at Birch Lake. Throughout  the season 
there was a 16%0 difference between the moss Amblys tegium riparium 
(Hedw.) BSG and Elodea canadensis. Short-term '4C labeling experiments 
and carboxylase activities showed that these two species are largely depen- 
dent on C3-type carboxylat ion (Table III), despite previous reports o f  sub- 
stantial C4 activity in Elodea canadensis from the midwest region of  the 
U.S.A. (DeGroote and Kennedy,  1977). The difference in labeling pattern 
between their report  and the present s tudy suggests that  there may be popu- 
lation differences in Elodea canadensis from different parts of  the country.  

TABLE III 

Light fixation products with 15 second steady-state ~4C labeling and enzyme activities 
for non-CAM submerged aquatic species from Birch Lake 

Percentage of label Carboxylase activity 
(umol mg-t Chl h -1 ) 

PGA 1 Malate Aspartate Other RuBPcase PEPcase 

Amblystegium riparium 
(10 h day 15°C/10°C) 82 9 1 8 11.8 0.7 

Elodea canadensis 
(10 h day 15°C/10°C) 79 16 5 0 6.0 0.3 
(14 h day 27°C/20°C~ 70 27 2 1 

1PGA = phosphoglycerate. 

Clearly, at Birch Lake, factors other  than the carboxylat ion pathway are 
determining the 813C values of  Amblys teg ium riparium and Elodea canaden- 
sis. Factors o ther  than PEP carboxylase activity that  are known to reduce 
carbon isotope discrimination (and thus produce less negative 5 '3C values) 
in aquatic species include phenomena affecting the diffusional resistance 
of  carbon and the extent  o f  HCO~ utilization (Smith and Walker, 1980; 
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Osmond et al., 1981; Raven et al., 1982). Diffusional resistances have not  
been quantified for these two species. However,  they are not  likely to ac- 
count  for the fractionation differences. At Birch Lake Amblystegium ripari- 
um and Elodea canadensis grow intermixed in the relatively stagnant water 
and thus there is surely little or no difference in the degree of  water  turbu- 
lence each is exposed to. Both species have similar leaf shapes and leaf sizes. 
Structurally both  leaf types  are remarkably similar in being a double cell lay- 
er with no lacunae and very little internal air space. Differential bicarbonate 
use may, however, account for the  different 513C values. Raven et al. {1982) 
provided evidence that  a 16%0 difference in 513C between submerged aquat- 
ic species of  Ranunculus and Lemanea was attributable in part to differential 
HCO~ utilization. Amblystegium riparium very likely does not  utilize bicar- 
bonate since this ability, although not  unknown (Penuelas, 1985),  is rare in 
b ryophytes  (Bain and Proctor, 1980). Elodea canadensis on the other  hand, 
has been reported by  several authors to utilize HCO~ freely {Simpson et al., 
1980; Prins et al., 1982). 

Some of  the  ~ ~3C values reported here contrast  markedly with previously 
published values for  the  same species. For  example, Osmond et al. (1981) 
reported 513C values of  -33 .4  to -49 .4  for Fontinalis antipyretica from 
Britain and Finland. They found that  much of  the variation could be ac- 
counted for  by differences in 5 '3C of  the different water  carbonate sources 
since A5~3C (= 513C plant -5~3C water) values tended to center  around 
- 33%0 for their populat ions of  F. antipyretica. In our s tudy F. antipyretica 
had an isotope value of  - 26.9 and the A5 ~3C value was - 15.4. Thus, taking 
source carbon into account,  our  6 ~3C value was much less negative than any 
observed by Osmond et al. (1981) for F. antypyretica populations. PEP car- 
boxylase activity is unlikely to be a factor since it has not  been found to 
play an important  role in photosynthesis  for any bryophyte .  Also Osmond 
et al. {1981) noted that F. antipyretica from fast-moving streams, where ex- 
ternal CO2 diffusional resistances are minimized, had A5 '3C values consistent 
with expectat ion for plants which depended exclusively upon RuBP car- 
boxylase {assuming no HCO~ use); i.e. A5 '3C {expected) = - 8%0 (correction 
for equilibrium fractionation be tween HCO~ and CO2) + - 2 7 % 0  (RuBPcase 
fractionation; this is possibly more negative, see Raven et al., 1982) = 
- 3 5 % 0 .  Very likely the less negative A5 ~3C value reported in our  s tudy is 
due to much greater diffusional resistances encountered in the relatively stag- 
nant Siesta Lake. Bicarbonate uptake, however, cannot be ruled out. Al- 
though it has been reported for  some populations of  Fontinalis antipyretica 
(Penuelas, 1985), it is absent in other  populat ions (James, 1928) and it is 
not  likely to be  important  under the relatively low pH conditions in Siesta 
Lake. 

Osmond et al. {1981) argue that, for aquatic plants which use CO2 and 
rely exclusively on  RuBP carboxylase, as the resistances (both  internal and 
external) to CO2 diffusion increase, the  6 ~3C value o f  the biomass should ap- 
proach that of  the source carbon. Such analysis suggests that  very large dif- 
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fusional resistances are encountered by Potamogeton pectinatus in Searsville 
Lake. This species, according to Winter (1978), is not  a bicarbonate user 
(cf. Sand-Jensen, 1983) and fixes carbon via the  C3 pathway. If these charac- 
teristics are true for the Searsville population then the 513C of  the source 
carbon for P. pectinatus would equal -11% 0 + - 8 % 0  (correcting for equi- 
librium fractionation between HCO~ and CO2, Mook et al., 1974) = - 19%0. 
This value is close to the  -22 .1%o noted forP.  pectinatus (Table II) and in- 
dicates that  photosynthesis is largely limited by diffusion of  CO2. Much of  
this resistance is apparently due to boundary layer effects around the leaf, 
since internal resistance accounts for only about 5% of  the  total resistance 
to CO2 assimilation in species of  Potamogeton (Wetzel and Grace, 1983). 
Data presented by LaZerte and Szalados (1982) show a similar pat tern for 
P. pectinatus from Canadian lakes. 

Diffusional resistances would also seem to play an important  role in the 
Mesa de Colorado pool. For species in the pool that  rely entirely on CO2, the 
source carbon would have a 513C value of  - 23%0  early in the season and 

- 28%o late in the season (assuming a - 8%0 correction, an approximate esti- 
mate in light of  the  marked diurnal temperature and pH changes, Table II). 
These values are very similar to the  513C values for plant material of  most  
species. The fact that  throughout  the season Ranunculus aquatilis L. had 
813C values 8% o less negative than these values suggests dependence on bi- 
carbonate uptake. 

In summary,  it is clear that  species in the same aquatic environment,  but  
with very different  photosynthet ic  pathways, may have very similar 513C 
ratios. Additionally, co-existing species with similar photosynthet ic  path- 
ways, may  have distinctly different 5 ~3C values. Although carbon isotopes 
are not  able to distinguish photosynthet ic  pathways, they  may  prove valu- 
able for studying other  aspects of  aquatic plant photosynthesis. 

Although stable carbon isotope values do not allow differentiation be- 
tween CAM and non-CAM aquatic species, there is evidence that  hydrogen 
isotopes may  play an important  role in this regard. Table IV shows the 5D 

TABLE IV 

8 D values o f  cellulose ni t rate ,  relative to  the  source water ,  for  aquat ic  species grown sub- 
merged  in aquaria 

CAM species: 
Isoetes howellii +58 
Littorella uniflora +52 

Non-CAM species:  
Chara contraria - 14 
Eleocharis acicularis +18 
Po tamogeton pectinatus - 2 6  
Ranunculus aq uatilis 0 
Spirogyra sp. - 139 
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values for a number of aquatic species grown in cultivation. In general CAM 
species have distinctly heavier 5D values than associated non-CAM species. 
Of the 'non-CAM' species, Eleocharis acicularis has the heaviest 5 D value and 
this may stem in part from a slight tendency for some CAM activity (Table 
I). Although only a small overnight increase in acidity is detectable, this 
species is capable of some PEP carboxylase-mediated dark uptake of CO2 
(Morton, 1984). Similar 5D patterns have been observed for aquatic CAM 
and non-CAM species from field situations (Sternberg et al., 1984). The fact 
that this technique distinguishes aquatic CAM species from non-CAM ones 
argues strongly for a fractionation based on the cycling of internal metabolic 
pools rather than transpirational differences as suggested by some investiga- 
tors (Ziegler et al., 1976). In conclusion, this technique deserves greater at- 
tention as an important tool for aquatic plant photosynthesis studies. 
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