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Abstract

Net photosynthesis, dark respiration, and transpiration of three mangrove species (Rhizophora
mangle, Avicennia germinans, and Laguncularia racemosa) were measured in February, May, and
October in southern Florida. The data indicated sizeable seasonal shifts in the photosynthetic
and transpirational behavior of Rhizophora with less marked changes in the other tow species.
The temperature optima in all three species were higher during the summer than they had been
in the winter. Peak net photosynthetic rates ranged from 3.7 to 6.8 mgdm~2h~! for Rhizophora,

4.2 1o 6.1 for Avicennia, and 5.9 to 6.8 for Laguncularia, with the highest values occurring in May
and October,

Net photosynthesis (P,), transpiration (E), and dark respiration (Rp) measurements were made
on three. mangrove species in southern Florida three times during the year. The species were
Rhizophora mangle L. (red mangrove), Avicennia germinans L. (black mangrove), and Lagun-
cularia racemosa GAERTN. (white mangrove), Throughout this paper they will be referred to as
Rhi- sphora, Avicennia, and Laguncularia. The first data, collected during January and February,
have been presented in detail in an earlier paper (MOORE er al. 1972). This paper presents data
collected during May and October and an overall comparison for all three periods.

Although the three tropical and subtropical mangrove species exhibit distinct habitat pre-
fercnces within the intr tidal zone, they commonly occur sympatrically in southern Florida.
Other studies have shown that they differ in their water relations (MILLER and EHLERINGER, un-
published) and in their winter photosynthetic behavior (MOORE e al. 1972). The objective of this
study was 10 determine whether the differences observed during the winter continued through
the ycar and to establish a basis for estimating annual production for each species. GOLLEY ef al,
(1962) have estimated daily production rates for Rhizophora mangle from measurements in May in
Puerto Rico, “ut no such estimates are available for the other species. A modecl simulating the an-
nual course of production and water relations based on our data will be presented in a later paper.

METHODS

In May gas exchange rates of three Rhizophora, one Avicennia, and onc Laguncularie were
measured at different temperatures and irradiances in a cuvette. These were plants that had

* Rececived 19 June 1973.
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been sampled in February. In October four Rhizophora, three Avicennia and three Lagun-
cularia were measured. Mechanical injury of scveral individuals uscd in February and May
necessitated selection of new plants in October, ANl measurements were made at Turkey Point
near Homestead, Florida.

Gas cxchange rates were measured with a Siemens “Sirigor™ cuvette system, a Beckman 2154
infra-red gas analyser, and Cambridge dew point hygrometers in an open system. This system and
the procedures for measurements were described by Moore et al. (1972). The temperature re-
sponse experiments involved step changes in cuvette temperature of approximately 5°C from
20 °C to 40 °C while total irradiation was maintained near 70 mW cm ™ 2, The irradiance response
experiments involved four and five levels of irradiance intensity from 15 to 1060 mW cm ™2 while
leaf temperatures were held at 25 4 2 °C. Humidity within the system was controlled only to
avoid condensation. Vapor density within the cuvette was normally above ambicnt due 10 trans-
piration,

Irradiation was provided by diffuse solar radiation supplemented by two Sylvania 300 W
“Cool lux" incandescent lamps. Irradiance was regulated by changing the solar shading, the dis-
tance to the lamps, and the layers of cheesecloth filter. To avoid confounding by endogenous
rhythms, the temperature and light response measurements were conducied during normal day-
light hours.

Irradiance values presentcd here are for visible and near infra-red radiation measured with
a thermopile pyranometer. Later laboratory tests showed that a filter of 2.5 cm of acrylic plastic
and 7.5 cm of water would have reduced the irradiance by 25 to 30% indicating that there was
a substantial red and far red component.

Due to limitations in equipment and time the February carbon dioxide compensation data
were used for calculating internal resistances in May and October, rather than repeating the
measurcments,

Water vapor diffusion resistances (r,0), mesophyll resistances (rm GAASTRA 1959), and intra-
cellular resistances (7ine» SLATYER 1971), were calculated with the equations (MOORE es al. 1972):

Mo = 360(y, — Xa)|E (l)
Fm = 0.6522(C, — AC)/Py — 1.56 ry, 0 )
Fing = 0.6522(C, — AC — I[Py = 1.56 ryy 0 3)

where: ry,0, r,, and r,, [scm ™!, x; is the saturation vapor density at leaf temperature and
X, is vapor density of the air exiting from the cuvette [mg 177}, E [mg H,0 dm~2h7Y, C,is
the ambient carbon dioxide concentration [vpm], AC is the depletion of carbon dioxide within
the cuvette [vpm), I is the light saturated CO, compensation point [vpm] for the speci-s at the
same leaf temperature, Py [mg CO, dm~2h~'), and 360 and 0.6522 are constants for con-
version of units. The ambicnt carbon dioxide concentration was measured as about 370 vpm in
May and 330 vpm in October.

The r, , resistance approximates the intracellular CO,; transfer resistances in the liquid phase
within the mesophyll, assuming that under light saturated conditions I"is the best cstimate of CO,
concentration at the effective carboxylation/decarboxylation surface (SLATYER 1971). The re-
maining factors associated with the change in CO; concentration from I” at the effecrive carboxy-
lation/decarboxylation surface to zero within the chloroplast arc viewed as biochemical or carbo-
xylation *‘resistances™ and would include photorespiratory cffects.

This trcatment is an oversimplification of the actual physiological processes since all three
species apparently possess photorespiration (indicated by their high I values and oxygen inhibi-
tion of net photosynthesis) and have anisolateral stomatal distributions. Both of these factors
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Fig. 1. Net photosynthesis (Py), dark respiration (Rp), transpiration (E), water vapor diffusion
resistances (ry,0), mesophyll resistances (r;,) and intracellular resistances (rin,) in relation to
leaf temperature for © Rhizophora mangle, ¢ Avicennia germinans, and O Laguncularia race-
mosa during May and October. 95% confidence intervals for October were approximately 32
to4mgdm™2h~!for Py, +1102mgdm~2h~? for Rp,and £100t0 300 mgdm "2 h~1 for E.

bias the estimates of internal CO, resistances as derived above (LAKE 1967a,b; GaLE and PoLja.
KOFF-MAYBER 1968; MORESHET e! al, 1968; SESTAK ef al. 1971). However, the simplified scheme
provides a group of measurable parameters which allow seasonal and species comparisons. The
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parameters also characterize the physiological processes for a productivity simulation model.
Jones and StaTver (1972) showed that estimates of intracellular resistances based on overall
gas exchange measurements may overestimate the actual resistances by less than 10%.
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RESULTS

Temperature relations

Net photosynthesis: In May Py, of Rhizophora and Laguncularia was similar, with maximum rates
of 6.8and 5.9 mgdm =2 "1 respectively near or below 25 °C and an upper thermal compensation
point of about 39 °C (Fig. 1). Maximum Py of the Avicennia plant was 5.7 mgdm~2h~! pear
35 °C and was still positive at 40 °C. Its upper thermal compensation point probably would have
exceeded 42 °C. In October the response of Py to temperature was similar among the three species,
with maximum rates of 5.2, 5.7, and 6.8 mgdm~2 h~?! at temperatures of 25, 25, and 30 °C and
upper tempcrature compensation points of 39, 41, and 42 °C for Rhizophora, Avicennia, and
Laguncularia respectively. The maximum Py, the temperature optima and the upper temperature
compensation points were higher in May and October than in February in all three sﬁecies.

Dark respiration: In May Rp was not measured; in October Rp rates of Rhizophora and Lagun-
cularia were similar and approximated the rates for all three species in February (Fig. 1). Rp of
Aricennia in October was almost twice that in February.

Transpiration: Maximum E rates in February, May, and October were lowest in Rhizophora and
highest in Avicennia, In May maximum E of Rhizophora occurred between 30 and 40 °C, of
Laguncularia between 25 and 30 °C, and of Avicennia above 40 °C (Fig. 1. In October maximum
E of all species occurred at about 35 °C.,

Leaf resistance to water loss: In May at temperatures between 25 and 30 °C, Laguncularia had
the lowest leaf resistance, and Avicennia the highest. Between 35 and 40 °C Laguncularia had the
highest resistances and Avicennia the lowest. Resistances of Avicennia hardly changed with tem-
peratures, but those of Rhizophora and Laguncularia increased with temperature. In October all
species had their lowest resistances at temperatures between 30 and 35 °C. Above 35 °C resistances
in Rhizophora increased more rapidly than those in the other species.

Mesophyll and intraccllular resistances: In May the r;,, values corresponding to peak photosyn-
thesis for each species were lowest for Rhizophora and highest for Avicennia (Fig. 1). In the three
species, resistances of Laguncularia were most sensitive 10 temperature increases below 35 °C.
During October r,, values of Rhizophora and Avicennia were similar below 35 °C. Above 35°C
the resistances of Rhizophora probably increased more rapidly than those for Avicennia since
Rhizophora had a lower thermal compensation point, Laguncularia had the lowest Ting Of the
three species throughout the entire temperature range tested. The r;,, of Laguncularia would
probably have increased abruptly near the thermal compensation point.
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Light relations

Net photosynthesis: Irradiance response curves in May showed that Rhizophora and Avicennia
were light saturated at about 50 mW em™2 (Fig. 2). Data on Laguncularia were insufficient to
characterize its response. In October, Avicennia was light saturated at about 55 mW cm™2, and
Rhizophora and Laguncularia were not saturated at 70 mW ecm ™2, Extrapolating from the ir-
radiance response curves and the peak Py values in Fig. 1, Rhizophora and Laguncularia should
have reached saturation by irradiance at 70 to 80 mW c¢cm ™2 and 85 to 100 mW cm ~ 2 respectively.

MAY OCT10BER

NET PHOTOSYRTHETIC RATE

.

IRRADIANCE [mW cm-23

Fig. 2. Net photosyathetic rate (Py) in relation to irradiance for O Rhizophora mangle, ¢ Avi-
cennia germinans, and O Laguncularia racemosa during May and October.

Transpiration: Because the irradiance response experiments were conducted at lcaf temperatures
of 25 °C, transpiration levels were Jow. During both sampling periods most individuals of Rhizo-
phora and Avicennia showed decrcasing transpiration rates as irradiance increased beyond ap-
proximately S0 mW cm ™2, Transpiration rates of Laguncularia, however, remained rclatively
stable or increased with increasing irradiance above 50 mW cm ™2,

Leaf resistance: Minimum transpiration resistances in Rhizophora and Avicennia occurred at
irradiance levels between 20 and 40 mW cm™2 in October. Resistance data for Laguncularia in
October were quite scattered without a consistent pattern. Minimum resistances for Rhizophora

in May occurred at about 40 to 50 mW cm ™2,

DISCUSSION

Seasonal comparisons

Several seasonal shifts in gas exchange characteristics appeared in the three species (Table 1).
For Rhizophora, net photosynthetic rates and the thermal compensation point were higher in
May and October than in February. Peak Py and thermal compensation points for Laguncularia
and Avicennia, on the other hand, were similar or only slightly higher during the summer. Avi-
cennia, in May and QOctober, and Rhizophora and Laguncularia in October showed a shift to higher
optimum temperatures for photosynthesis. In October Py, of all species was relatively insensitive
to temperature within the ambient temperature range.
The relation of Ry, 10 temperature for Rhizephora and Laguncularia was similar in February
. and October, but R, rates of Avicennia were almost doubled in October. Since Avicennia actively
excretes salts in the leaves, the higher summer Rp may be related to increased salt excretion be-
cause of increased transpiration and salt uptake.
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392 Tablel

Seasonal comparisons in gas exchange characteristics.

Rhizophora Avicennia Laguncularia

February May October February May October February May October

n 5 3 4 4 1 3 4 1 3
T opt*® 20 25 25 25 35 25 25 25 30
PN(Topt)“ 2.7 6.8 52 4.1 5.7 5.7 6.0 59 6.8
Rp(25 °C)*+ 0.7 - 1.1 1.1 —_ 21 0.8 — 1.5
E(T opt)** 160 190 50 350 1020 10 430 590 590
0+ 17.4 17.2 39 9.6 14.7 70 10.8 7.0 7.7
AT opt)***

r,,,(Top:)"‘ 40 17 -_— 59 43 — 28 34 16
Fint 27 6 - 30 24 - 19 23 8

(T opr)***

E max** 580 410 910 800 1100 1150 610 620 1100

* °C)

s mgdm~2h7Y)
tes s cm"’]

Rhizophora had higher P, at all irradiances in May and October than in February and appeared
to require higher irradiances for saturation in the summer. Avicennia, likewise, had higher Py
rates and reached saturation at higher irradiances in October than in February. Py of Lagun-
cularia in October, however, was only 50 to 60% of Fcbruary rates at irradiance levels below
70 mW cm ™ 2. Laguncularia was saturated by irradiance at about 50 10 60 mW cm ™2 in February,
but not at irradiances up to 70 mW cm™ 2 in October. At irradiance levels of 70 to 85 mW cm™2
in October, Py of Laguncularia was at or above the February level,

Transpiration rates of Rhizophora and Avicennia were higher in May and October than in
February at most tempceratures. Transpiration rates of Laguncularia were higher in October than
in February except at temperatures below 25 °C. Leaf resistances to water loss of Rhizophora were
tower in May and October (minima of 11.7s cm ™) than in February (minima of 17.4s em™1).
Transpiration resistances were similar for all species in October, whereas in February Rhizophora
had far higher resistances than the other species above 20 °C. Minimum leaf resistances for all
species occurred at higher temperatures in October than in May and February.

The internal resistances for Rhizophora were similar in May and October and far lower than
in February. Internal resistances for Avicennia were lower in October and May than in February
for temperatures below 30 °C, but higher at temperatures above 30 °C. Internal resistances of
Laguncularia were lower in October than in February and May. All resistances of Rhizaphora
changed much more through the year than did those of Avicennia and Laguncularia,

Comparison with other species

The peak Py rates of the three mangrove species appear to be slightly lower than those for tem-
perate zone broad-leaved evergreen trees. LARCHER (1963) reported rates of 10 to 16mgdm™2h~ 1
for sun leaves and 3 to 8 mgdm ™2 h~1! for shade Icaves of broad-leaved evergreen trees, These
are only about one-half the rates he reported for deciduous trees. HeskerH (1963), however,
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reported rates of 6 and 10 mg dm ™2 h™?! for maple and oak, respectively. The senior author and
others found Py up to 5 and 9 mg dm~2 h~1! for Eurotia lanata and Atriplex confertifolia gro-
wing in a cold salt desert cnvironment in Utah (R. S. WHiTg, R. T. MOooORE, and M. M. CALD-
WELL, unpublished). Due to soil salt accumulations the water stress conditions encountered
by these shrubs during the period of peak photosynthesis would correspond roughly to the
mangrove swamp environment. GOLLEY ef al. (1962) measured Py of 5 to 20 mg dm~2h~1!
by Rhizophora plants in Puerio Rico. Like the measurements reported here, their data show
a high degree of variability among gas exchange rates of different branches,

During both the winter (February) and summer (October), Rhizophora.-had lower Py than
cither Avicennia or Laguncularia, however, in this environment, where all three species are capable
of growing, Rhizophora is by far the most abundant. In this instance dominance cannot be implied
from potential Py. Admittedly, we have no estimates of root and stem respiration for each species,
which could easily reverse the order of productivity potentials. However, the research area is near
the northern limit for each species. Rhizophora extends farther north than the other two suggesting
a greater degree of winter hardiness. While our results cannot be construed as proof of such,
perhaps the seasonal acclimation of photosynthetic mechanisms helps render Rhizophora less
susceptible to low winter temperatures.

Acclimation of photosynthetic mechanisms to changing climatic conditions has been demon-
strated in several other species. MOONEY and SHROPSHIRE (1967) and MooNEY and HARRISON
(1970) found very rapid tempecrature acclimation in Encelia. MooNEy and WEST (1964) found that
acclimation of several shrubs could occur within a few weeks. Thus, seasonal acclimation in ever-
green species is probably common.

In summary, it appears that all three species exhibit a scasonal acclimation in terms of photo-
synthesis and stomatal behavior but this seasonal shift from high stomatal and internal resistances
during the winter to low resistances in the summer was most conspicuous in Rhizophora.
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