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Part A

A mechanistic model incérporating the processes of heat and vapor
exchange within a canopy and the physiological-environmental relationships
of photosynthesis and water relations was developed to look at the possibility
that a modification of the microclimate in the Rung Sat Delta occurred and
that this modification ié inhibiting the redevelopment of the mangrove
vegetation.

Simulation results indicate that redevelopment appears to be influenced
by the rate of desiccation of the soil. Channelization and a modification
of the soil through exposure may be amplifying this effect. Potential
lethal leaf temperatures and plant water stress conditions may exist in
the dry monéhs (around February) and during the sunniest months (around
May). Stress conditions may be reached during other months of the year, .

but most likely to a lesser extent,




The modeling project was supported by a subcontract from the University

of Florida. Pield work was carried out on A.E.C. contract AT(04-3)-807.
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INTRODUCTION

Between 1962 and 1969 about 5 million acres of forest land and crop
land in Viet Nam were sprayed with herbicides. Agent orange, containing
2, 4-D and 2, 4, 5-T, and agent white, containing 2, 4-D and picloram,
were applied at rates of 11.7 pounds per acre and 5.6 1bs, ‘per acre res-
pectively in multiple applications (Golley, 1971, Tschirley, 1969). 1In
much of the sprayed areas, reestablishment of the original forest has been
negligible. (Golley, 1971), One such area; the Rung Sat Delta, south of
Saigoh, was chosen to study the poééiblé causes of Fhe lack of coloniza-
tion. The area is thought to have beeﬁ last sprayed in 1970. Mangroves
which once covered about 80% of the area have been killed and the re-
maining dead wood harvested for fuelr Aerial photographs taken in 1971
indicate little or no seedling growth in this area.

Originally the area consisted of a gradient from predominantly red
mangroves (Rhizophora sp.) on the seaward side to.a mixture of red and
black mangrove (Avicennia sp.) on the iniand side. The seaward side is
indundated ﬂaily with salinities ranging from 25 to 35 parts per thou-
sand, while on the inland side inundation occurs only during the highest
tides and salinities are less, ranging between 15 and 25 ppt. The Saigon
River borders the érea to the west. Mangroves still occur to the north,
intezspersed with farmland.

Climatic data for the region are scarce, but some data are avail-
able from Tan-Son-Nhut (Saigon). Rainfall is greatest in September
and lowest in February (Table 1). Temperatures are warmest in May, but

the mean monthly air temperatures vary less than four degrees annually.




Solar radiation remains at about 325-375 langleys day-l most of the year

because of.the constant cloudiness. The sunniest months, February, March,
and April are also the driest (Table 2), with the daily radiation
total increasing to 400-450 langleys day.I:

The reasons why the mangrove vegetation is recovering slowly
or possibly not at all are not yet kn;wﬁ: It s however possible to spe~
culate as to what is currently happening. The purpose of this paper is
to bring together existing knowledge of the area in terms of climatological,
geological, and physiological characteristics in order to attempt to under-
stand the processes and interactions influenciﬁg redevelopm?nt in the Rung
Sat area. The method we shall use is digital modeling. Without giving
an extensive review of the history and validity of digital modeling,
'digitai‘modeling és‘a technique in undetstandiﬁg relationships and
interactions within a system, whether it be biological, chemical,
or physical, has demonstrated itself in the past to be a u;eful tool.

A model is only beneficial if it helps to clarify our understanding
of relationships within a system. A model is most useful if it utilizes
relationships and parameters which can be measured. Also the model should
yield insight into the processes of,the system that 1) require further
investigation and 2) are most crucial to the system. This is the philo-
sophy used in this modeling exetcise; The model is based on data
recorded in the literature and from field research on mangroves carried

L._gut‘inngquth Florida on an A.E.C: contract.
Although the reasons why mangrove vegetation is not recovering or

is recovering very slowly are not clear, several hypotheses that could be



-

tested using digital simulations were constructed. These hypotheses

are attempts to delineate the physical and biological processes acting
to constrain the redevelopment of the mangrove forests. The hypotheses
stem from the idea that uéon rvemoval of the vegetation, the microclimate
is changed. The new microclimate will then influence all of the vege-
tation attempting to‘establiah in that area. Four principal hypotheses
were constructed to be tested by the digital simulations. These were:
1) Surface temperatures lethal to propagules and seedlings may be
produced at certain times of the year. |
2) High leaf temperatures may be reached in the exposéd seedling
canopies causing a decrease in net production, and if leaf
temperatures are high enough, an increase in seedling mortality.
3) The substrdte surface driés faster than the mangrove seedlings
can grow roots, and the propagules die of desiccation at certain
times of the year.
4) Low immigration and high mortalities result in slow propagule
establishment and reforestation.

Predation by man and herbivorous animals were not considered,

——. nor was competition between mangroves and other species, such as grasses,

because the principal constraint on the mangrove redevelopment was thought
to be due to envirommental factors or to physiological responses.
Two modeling approaches were undertaken: a total ecosystem model

which simulates the redevelopment of mangroves over a span of several years,

and a detailed physical and physiological response model (CANOPY) of man-

grove-environment interactions, which simulates a peribd of twenty-four hours.



Description of each model and a discussion of the data base, simulation

results, and conclusions are presented separately in the following section.




DESCRIPTION OF THE DETAILED PHYSICAL AND PHYSIOLOGICAL
RESPONSE MODEL

. I. CANOPY

CANOPY is a canopy-microclimate-primary production model which
estimates hourly values of net pfimary production and transpiration by
strata throughout a canopy. CANOPY calcuiates the microclimate of the
strata and then evaluates the effect of the microclimate on the vege-
tation. The model will be discussed in two parts: 1) a description of
the processes influencing the micrometeorological profiles and 2) a des-
cription of the processes influencing leaf temperature and primary pro-
duction. .

To best understand how CANOPY works, we will briefly run through one
cycle of the program (Figure 1). This description is given here in order
to give the reader an idea of the processes an& interactions involved in the
model. Input data necessary for CANOPY include hourly microclimate values,
canopy leaf area distributions, and physiological parameters for the species
being modeled (Tables 3-5). Hourly calculations are then made on the pro-
cegses within the canopy which influence primary production, transpiratiom,
and energy exchange. Short wave radiation penetration through the canopy

is calculated as described by Miller (1969, 1972b). Tramspiration, internal

leaf water status, and water uptake rates are then calculated. The profiles
of microclimatic variables are determined By a modification of the model

discussed by Waggoner and Reifsnyder (1968). Leaf temperatures are calcu-
lated by an iterative solution of the leaf energy budget. Finally, net photo-
synthesis is estimated. Hourly summaries are printed, after. which the model

proceeds to the nmext hour with the information needed from the previous hour.

A flowchart of CANOPY appears as Figure la.



CANOPY incorporates several digital models which have been or are being

described in the literature. These are: 1) a model to describe solar

radiation penetration into the canopy from Miller (1969, 1972b); 2) a

model to estimate net primary production, leaf temperatures, and physical

processes within a canopy from Miller (1972a) and Miller and Tieszen (1972),
3) a model to describe water relations within plants from ﬁiller and
Ehleringer (1972), 4) a model to calculate microclimatic profiles from
Waggoner and Reifsnyder (1968), and 5) a model to calculate soil tempera-
tures, solil water content, and the movement of heat and water in saturated

and nonsaturated soils from Ng and Miller (1972). No attempt will be made
here to give a complete déscription of the models as more complete discussions
can be found in each respective paper.

CANOPY is an updating of these models, incorporating equations which
express a more detailed mechanistic understanding of processes affecting
primary production than were discussed in the Miller (1972a) primary productionm
model. These additional equations will be discussed later. CANOPY is further
modified to simulate processes affecting primary production and revegetation
of mangroves in the Rung Sat Delta, Viet Nam.

Specific features of CANOPY for the Rung Sat simulations include the
hypothesized effects of herbicides ;n photosynthesis and the effect of salt

water on the soil water potential and on transpiration.

1I. MICROMETEOROLOGICAL PROFILES

Micrometeorological profiles are calculated by four submodels: WAR,
RADMOD, SOILT, aid INFRA. WAR is the submodel to calculate air tempera-
ture and vapor densitj profiles, modified from Waggoner and Reifsynder (1968).

RADMOD is the Miller (1972b) submodel for calculating short wave radiation



profiles within the canopy. The submodel for the calculation of values

for soil variables is SOILT and is adapted from Ng and Miller (1972).
INFRA 18 a submodel which calculates infrared radiation profiles.

As microclimatic imput data to CANOPY, we need 24 hour values of
total short wave radiation, diffuse short wave radiation, infrared radiation
from the sky, air temperature, and the vapor density for a point just above
the canopy. Given also the leaf area, leaf anéle distribution, and the
declination of the sun for the 24 hour period, the microclimatic profiles
for air temperature, vapor densit&, and short and long wave radiation.
Utilizing the canopy leaf area distributions, RADMOD calculates profiles of
direct, diffuse, and reflected radiation.

The WAR submodel uses as input the solar radiation profiles, air tempe-
rature and vapor density above the canopy; thevsoil surface temperature, the
vapor density just above the soill surface, and the profile of diffusive leaf
resistances. The values for the profile of leaf resistances come from the
transpiration stream calculations portion of CANOPY. Soil temperature and
vapor density just above the soil surface are calqulgte¢ by SOILT. SOILT
calculates the surface temperature, soil water content (volume/vo}ume), soll
suction, and soil water potentials (bars) to a depth where daily fluctuations

no longer occur.

L ew e - - .

The ﬁAR submodel then proceeds to‘iterétively solve for the air tem-
perature and vapor density profiles while leaf temperatures are being cal-
culated. An intermediate infrared radiation submodel INFRA supplies cal-
culated values of infrared radiation from leaves, grouﬁd, and sky to the

Teaf and air temperature calculations.



III. LEAF TEMPERATURES

Leaf temperature calculations are based on the heat transfer equation
for a single leaf (Gates, 1962; Miller, 1967) which states that in an
eguilibrium state the energy absorbed by a leaf equals the energy lost.
Moreover the absorbed energy from solar and infrared radiation and con-

vection is lost by reradiation, convection, and transpiration. Thus

aS+eIR=IR2¢b+LE )

where: a is the leaf absorptancg to solar radiation; S is the solar ra-
diation incident on the leaf; € is the absorption of the leaf to infra-
red radiation; IR is the infrared radiation from the environment incident
on the leaf; IRz is the infrared reradiation by the leaf; C is the con-
vectional energy exchange; L is the latent heat of evaporation; and; Ev
is the evaporation rgFe.

Each process by which energy is lost from the leaf depends on the

léafAtemperature. Thus if the leaf temperature is Tz in °c,

IR, = eo(T, + 273.)"% ‘ (2)
Ce hc(Tz - 'ra) : , 3) .
E= (g T, - p)(x, + )7} (4)

vhere: o is the Stefan Boltzmann constant; hc is the convection coeffi-
cienty ps,Tz is the saturation vapor density at leaf tempeature; Pa is
the vapor density of the air; T, is the leaf resistance to water loss;
and, r, is the laminar boundary layer resistance. Once the absorbed ra-
diation is known, leaf temperature and transpiration can be calculated by

solving the above equations simultaneously by iteration.




IV. PRIMARY PRODUCTION CALCULATIONS

The net photosynthetic rate is a good index of the rate of primary
production. This being the case, we focus our model of primary production
on determining the rates of net photosynthesis at the different strata
within a canopy. The physiological leaf parameters determining the rate
of photosynthesis become quite Important. If a model is to accurately si-
mulate photosynthesis, it must also accurately simulate those parameters
which indirectly determine the rate of photosynthesis.

Net photosynthesis i; related to the absorbed solar radiation, atmos-
pheric carbon dioxide content, leaf resistance, boundary layer resistance,

~ and mesophyll resistance by the equations:

[coy], = [€02] 1y

Pﬁ - (modified after Gaastra, 1963)
r + 1.5, + 1
a £ mes

B, = (a5) (228 + bp)"1 ' (Monteith, 1965)

"where: Py is the unadjusted net photosynthetic rate; [Cbzla and [002]chl
are the carbon dioxide concentrations in the air and at the chloroplasté; Toes
is the ﬁesophyll resistance to carbon dioxide tramsport; and, ap and bp are
parameters empirically derived from the photosynthesis light response curve.
The leaf resistance to water transfer is modified for carbon dioxide diffusion
by multiplying by the ratio of the diffusfon coefficients of carbon dioxide
and water.

Leaf temperature and herbicide influence net photosynthesis through the

equations:

By = (B (T, = T/ (T, = T)

(5)

(6)

@)
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Py = (Byp) (1 - B) (8)

H = bhe Xt (9)

where: PNT is the net photosynthetic rate after the effect of temperature
is included; T, is the leaf temperature at which net phototsynthesis equals
zero; Topt is the optimum leaf temperature for photosynthesis. There are

two values for T,, one on either side of T The one used depends on which

opt’
side of the optimum leaf temperature the leaf temperature falls.

PNTH is the net photosynthetic rate after the effects of the
hetbicide have been included; H is the relative effect of the herbicide on
photosynthesis; b relates the herbicide concentration to its effect on the
photosynthetic process; h is the initial herbicide concentration; k is
the decay coefficient for the herbicide; and t 1s the elapsed time since
‘the herbicide application.

Net photosynthesis is first calculated by equations (5) and (6),
and the smaller of the two values is taken as the actual value. This
allows photosynthesis to be limited by both light and by carbon dioxide
diffusion.v The calculated value of net photosynthesis is then corrected
for the effects of leaf temperature and herbicides. Temperature and
herbicide effects are assumed to be linear. iinear interpolation for
the temperature effects on photosynthesis yields a fair approximation to the

temperature response data of Moore et al. (1972).

Net photosynthesis for the canopy is calculated as

n
B {4 Pyg) (141, (10)




vhere: PT ig the total net photosynthesis; iPNTH is the net photosynthetic
rate at the i-th level; LAIi is the leaf area index at the i-th level; and,‘

n is the number of levels in the canopy.

V. TRANSPIRATION STREAM CALCULATIONS

Water movement out of the leaves is related to the vapor density gra-
dient and to the resistances to water diffusion by the equation as pre-

viously described in equation 4).
Internal leaf water status is dependent on the leaf water deficit.
This is the relative saturation deficit (Barrs, 1968) from the fully

turgid state. It is expressed as a percentage and is related to the

transpiration and water uptake rates as

-1
WD, = WD__, + Dy J(E - W )dt (11)

where: WDt and th-l are the leaf water deficits at time t and time t-1;
D. is the saturation leaf density, and wup is the water uptake rate. The

T
saturation leaf density is defined as the fully turgid leaf weight per square

centimeter.
The leaf water potential is calculated as a second order regression
from the data of Miller and Ehleringer (1972). The regression is

¥, = =0.78 - 0.46WD - 0.032wD2 12)

where wz is°"the leaf water potential.

The water uptake rate 1s calculated uéing the Ohm's Law analogy, where

the potential driving force is the water potential gradient between the leaf

and the soil. Resistance to water uptake is offered by the roots and the




goil. The uptake rate is also moderated by the relative surface areas of the

roots and leaves. Thus,

wup = a(ws - tpz)l(rr + rs) . (13)

where: o is the ratio of root to shoot surface areas; ws is the soil water
potential; and, r. and L are the resistances to water transfer of the roots
and soil respectively. These resistances are assumed to be constant.

Soil water potential is related to the seawater and is herein assumed to
contain only sodium chloride, so the equation for soil water potential sim-

plifies to,
ws = BS8 + Yssc (14)

Gl where: B is a conversion factor relating mean soil suction (Ss) to water
potential; ¥ is a conversion factor relating molarity of sodium chloride
to water potential; and Ssc is the salinity of the seawater.

Leaf resistance to water loss is related to the solar radiation ab- ‘

sorbed by the leaf and the internal water status by the equation,

T e ~ 8S(8WD + oWDX)
r, = (from Miller and Ehleringer, 1972)

. 1+ as(D) as)

where: T.ut is the cuticular resistance, the resistance with the stomata
completely closed; g and m are comstants related to the water deficit at

which the minimum resistance occurs; x is an exponent related to the steep—
ness of the leaf resistance-water deficit curve at high water deficits; and,
D is a parameter related to the stomatal opening with light.

@”\ Transpiration stream calculations commence with the calculation of the
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the leaf water deficit, based on the transpiration rate and water uptake
rate of the previous period. Calculation of the leaf water potential
follows, aftervhich the leaf resistance can then be calculated. The soil
. water potential and uptake rates are calculated after the leaf resistance.
Transpiration is solved for iteratively as the leaf temperature is being
calculated. Total water loss by the canopy is calculated in a manner

identical to the calculation of net photosynthesis in equation (10).

VI. CLIMATIC INPUT DATA

The CANOPY simulations used climate data for the months of February

R et

and May as input data. These two months were chosen. as they represent ex-
tremes in climate conditions. February is the driest and one of the sunniest
months of the year, whereas May is one of the warmest and cloudiest months
(Tables 1, 2).
If the environment is too harsh for mangrove seedling survival, then
thrbugh the simulation of the primary production processes on these extreme
months insight into the potential reforestation problems may be gained. Our

interest is in testing conditions which might be straining the system, not

00D itir e T DI S e R TIEPOMCT AR B LA

conditions underwhich the system will easily survive. Accordingly, four

input days were used in CANOPY simulations. These were an average February

day (450 ly), an extreme sunny February day (600 ly), the average May day
(350 1y), and a sunny May day (500 ly) in which the maximum monthly temperature
was reached. . -

The probabilities of having the sunny Februa;y day or having the sunny

May day are not known, because we do not have daily temperature records for the
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area. By comparison though with climates of other areas we put forth the

possibility that the chances of having these eitreme days could be between

0.25 and 0.10.

RESULTS AND DISCUSSION

Canopy Simulation

A series of simulations were run ﬁsing the four climate days previously
described. Additionally, two different photos&nthesis temperature response
curves (Table 2) and three different substrate salinities were simulated.
Two different photosynthesls temperature response curves were used as.the tempera-'
ture adaptations of the Viet Nam mangroves were not known. The temperature
response curve for the lower optimum temperature has been measured on

Rhizophora mangle in south Florida (Moore et al., 1972; Moore, unpublished data).

The temperature response curve with the higher optimum temperature was used as it may
be a more reasonable adaptation by mangroves to the warmer and more stable

climate of Viet Nam. These results provide a complete matrix for compara-

tive purposes to different locations along the salinity gradient of the Rung

Sat Delta area.

L W e as Tul

The soil characteristics and properties used in the simulations were
that of a clay soil. Zinke (1972) after visiting the Rung Sat area describes

the soil as being a silty, clay soil. There is a small difference in the two

PP ST T

soils, but because the physical properties relating to the clay soil were the
only ones available at the time of the simulations, they were the ones used.
In the current simulations, it was also assumed that the soil surface was

saturated, but not inundated. In essence, this is saying that the soil water

gl B TIPRRR, Y T
. N Mlr Ba~. .2+ Fabr B

potential is equal to the solute water potential of the incoming tide. 4

The leaf area index for these simulations was 0.45 which roughly corres- gg



ponds to a seedling density of 40 individuals per square meter. This assumes

that each seedling has four leaves, and that each leaf is approximately 30

cm? in area (Table 4). This leaf area is used only for purposes of convenience

" 4n the simulations. In actuality, the appropriate leaf area would be less

than 0.45. The main idea to remember is that in small sparse canopies, such

as propagule canopies, the principle interactions are between the climate

and the leaf, not between leaves. The use of a canopy with a leaf area in-

dex of 0.45 1s small enough that interactions between leaves are still small.

The effect of herbicides in these simulations is assumed to be zero.

This was done partly for simplification of the model, but mostly because re-

sidual concentrations, if any, and decomposition rates were not known.

The first simulation results are estimates of productivity, transpiration,

and the internal physiological respomse to the four microclimate days. Com-

paring the February sunny day with the average February day (Figures 2-5),

it appears that net photosynthesis on average days is three times higher than

on sumny days (0.232 g O.M.m 2day ! vs. 0.706 g 0.M. m 2day ! at a sali-

nity of 12%Z,). From Figure 5 it can be seen that the reason for this drop

in production is that the leaf temperatures on the sunny day are much higher.

Transpiration is much higher on the sunny day as expected, but transpiration

does not drop off as steeply when tﬁe salinity is increased on the suﬁny day

as it does on the shady day. This suggests that on sunny days the role of

solar radiation intensity is more important than that of substrate salinity.

Mangroves on the sunny February day are under more water stress (Figure 4)

‘and this in part is reflected in the higher leaf temperatures. Net photo-

synthesis appears to be almost constant with increasing salinity on both
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February days. There is, however, a slight peak in production at a salinity
of twenty parts pei thousand.

A comparison of the sunny May day and the average May day shows
gimilar trends. The discrepancy in production has increased so that on
the average day the net production is five times greater than on the sunny
day (0.098 g O.M. n 2 day-; vs. 0.542 g O.M. o 2 day.1 at a salinity of 12%.).
The difference is decreased when the hypothetical photosynthesis temperature
response curve is used. By simply shifting the photosynthesis temperature
Tesponse curve to the right three degrees C, we have lowered the difference
down to a factqr of two (0.679 g O.}_I. m-zday—l vs. 1.065 g O.M. m-z day-l

at 12 2.). 0.5 g O.M. m 2 day *

is gained by.shifting the response curve
because leaf temperatures are to the right of the optimum temperature and
in a zone when production is sensitive to leaf temperature. Transpiration
on fhe sunny May day compares well with transfiration of the sunny February day
(fiéﬁre 2).. However, transpiration on the average May day is much lower
than any of the other days because the leaf temperatures were not abnormally
high and the air vapor demsity was high, weaning that the vapor density gra-
dient between leaf and air was low. Minimum leaf water potentials exhibit
similar trends (Figure 4). The highest minimum leaf water potential and the
lowest transpiration were on the average May day. This is because the vapor
density éradient is lowest then.

Water stress can exist during either month. It can occur in February,
because of the higher radiation loads and fhe drier air. It can occur
in May because of the potential for high leaf temperatﬁres.

The ppssibility of high leaf temperatures is interesting for several

reasons. First, high leaf temperatures place a stress on the physiological




processes of photosynthesis and transpiration. Secondly, high leaf tempera-

tures pose a threat when temperatures approach or exceed the lethal limit of
the plant. Just exactly what the lethal limit is we do not know. One would
suspect that the lethal temperature is close to the maximum temperature of
positive net photosynthesis. Once this tggperature is pasged the respiration

rate is very high and the breakdown of enzyme systems is occurring. Miller

(1972c) has limited data showing that seedling mortality in Rhizophora mangle from

south Florida starts when the temperaﬁure exceeds 36°C. .

If high temperatures are not immediately lethal, then there still exists
the possibility that some physiological functions in the developing propagule
may have been impaired and that death may occur in later development. The
immediate effects though of high leaf temperatures other than death are water
stress through excessive transpiration and a decrease in the net photosynthe~-
tic rate. Following the daily course of leaf resistance, leaf water poten-.
tial, leaf temperature, and the photosynthetic rate for each of the four days
will permit us to observe how close to a stress condition the leaf is. Fi-
gures 6-9 show these physiological responses for the four climate days at
a substrate salinity of thirty parts per thousand. The photosynthesis-tem-
perature response curve used is the one measured by Moore, et al. (1972)
for Rhizophora mangle. Across each graph a dashed line for a leaf tem-
perature equal to thirty-six degrees is drawn. This corresponds to the
potential lethal leaf temperature.

Potential lethal temperatures are reached for four hours on the May sunny

climate and for one hour in the February sunny climate. No lethal temperatures
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appear to be reached on the average climate days. Excessive water stress

reflected in stomatal closure hardly occurs on the May sumny day.
The input parameters used may be underestimated here, and in reality, water
stress may be more prevélant than the model would predict.

The model predicts about a 7-10 bar gradient between soil and leaf
water potentials. As thé soil continues to dry this gradient will increase,
placing the propagule under additional water stress. The frequency of in-
undation will then piay an important role in the maﬁgrove propagule water
relations. As the soil is a clay, infiltration will beslow and the soil
will achieve a low water potential at volumetric contents as high as 20%.

Soil Moisture

These points suggest that perhaps‘the‘soil may be 1im1ting the revege-
tation rate. It may be possible that the soil is drying out so fast that
proﬁagules are either unable to establish themselves or that the soil mois-
ture evaporates before the propagules can utilize it, because of the ra-
diation load on the soil surface. Simulations were performed to follow
the water content change for the open soil surface for each of the four

days. These simulations were done using three initial soil water contents

(volume HZO/volume soil). These were 30%, 20Z, and 15Z. These correspond
to -4, -9, and ~16 bars soil water potential respectively. The water content

after a twenty-four hour period is noted and a percentage change is calculated

(Table 6).

The results indicate'that the water content drops off quickly from
the saturated state. By the time the water content reaches 20%, the rate
of water ioss has become small. At a water content of 15%, water loss
during a twenty-four hour period is neglible. This water content has

a water potential of -16 bars. Additionally, we must add to this the




solute water potential of the salt from sea.water. This total would put

the plant under in high water stress condition. By adding the solute

wvater potential, the plant may become under stress at water contents be-

tween 30% and 20X. The time to go from saturation down to a water con-

tent of 20X has not been calculated as it is also dependent on the

drainage patterns.

Soii Temperature

The temperature at the soil surface is also of interest. It will
be hotter in the day than if there was a canopy there, and colder at night.
Just how much hotter during the day may be important. Simulations of the
ground surface temperatures for bare soil and for an immature canopy of LAI

1.5 were made for the four climate days. The immature canopy is to serve

as a contrast to the bare soil. The bare soil temperature is indicative
of the temperature of a propagule lying flat on the surface of the soil.
It is assumed that the propagule would be at or at least Qery close to
the temperature of the bare soil. The bare soil in the simulations is

assumed to be saturated, but with no standing water.

Figures 10-13 show that the surface temperatures can vary by only as
much as three degrees between bare and covered soil. The chances of the
soil approaching a lethal temperature appear to be quite small. The highest
temperature reached is 38.2 °C (1100, May sunny), but temperatures are usually
closer to 30°C. Bare scil surface temperatures appear.not to be a deterrent

to propagule invasion.and establishment.

Redevelopment appears to be influenced by the rate of desiépation of

the soil. Channelization and a modification of the soil through exposure

-y PN R O NIRRT AT P @ WP ERGARE 6L st ve g0 87T 3 )

may be amplifying this effect. Potential lethal temperatures and water

o




stress conditions in leaves may exist for several hours onm a number of days
of the month in February and in May. It is also possible that these same

stress conditions may be reached in other months of the year, although possibly

to a lesser extent. .

The lack of physioclogical data from Viet Nam detracts from the re-
11ability of the model predictions. Actual estimates of p#rameters are ex-
pected to be different from those used in the simulations, but by the use of
parameters from members of the same genus, it is thought that the values used
will be close to the actual oﬁes.

The critical variable influencing the system appears to be the micro-
climate. The success of reestablishment hinges on the stress placed on the

propagule by the radiation load, the leaf-air vapor density gradient, and

the rate of soil desication.




Table 1. Maximum, minimum, and mean monthly air temperatures (°C)
and mean precipitation (mm) for Saigon, Viet Nam (after
Conway (1963) and Cuong (1964)).

Maximum air

Minimum air

Mean air

#onth temperature temperature temperature Precipitation
January 32 .17 24_ 6
February 33 18 25 3
March 36 19 27 6
April 38 20 28 55
May 38 18 28 200
June 35 18 26 205
July 33 18 25 200
August 32 18 25 184
September 33 17 . 26 198
October 3 17 26 202
November 31 16 24 64
December 31 15 24 35
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!
F Table 2. Mean monthly values of total solar radiation for Saigon f
froglthe Dept. of Commerce (1968). Units are langleys
day . ‘ l
i
Month Mean Langleys _
January 350
February 422
March 456 |
April 438
May _ 368
June ) 391 |
July 386 | ,
h August 369 | .
(W\ September 356 ’ ‘
October 335
Novenber 316 l
December 316 " l
-
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Table 3 . Microclimate input data for CANOPY. All values are for
a point just above the top of the canopy. Units for )
radiation are cal cm~2 min™l, for air temperature degrees_
Celsius,for vapor density g m ~, and wind velocity cm sec .

February sunny *
Hour Total Diffuse Infrared Air Alir Wind
solar solar from sky A temperature vapor den. velocity
1 0 0 0.60 23.0 19.0 60. |
2 0 0 0.60 22.0 19.0 60.
3 0 0 0.60 21.0 19.0 60.
| 4 0 0 0.60 .20.0 19.0 60.
5 0 0 0.60 19.0 18.5 60.
6 0.. 0 0.60 20.0 19.0 80.
7 0.10 0.10 0.60 21.0 19.5 100.
8 0.50 0.10 0.60 24.0 20.0 125,
9 1.00 0.20 0.60 27.0 20.0 150.
.10 1.15 0.25 0.60 29.0 20.0 175.
11 1.20 0.30 0.60 31.0 20.0 200. !
12 1.30 0.30 0.60 32.0 20.5 225.
13 1.20 0.30 0.60 31.5 21.0 250.
14 1.15 0.30 0.60 30.5 20.5 200.
15 1.00 0.25 0.60 30.0 20.0 175.
16 0.80 0.25 0.60 | 30.0 20.0 150.
17 0.50 0.20 0.60 29.5 20.0 150.
18 . 0.10 0.10 0.60 29.0 19.5 80.

\ 19 0 0 0.60 28.5 19.5 80.
20 0 0 0.60 28.0 19.5 60.
21 0 0 0.60 27.0 19.0 60.
22 0 0 0.60 26.0 19.0 60.
23 0 0 0.60 25.0 19.0 60.

- o= o - a N N Zn



Table 3. (continued).

February average .

Hour Total Diffuse Infrared Alr Alr Wind
gsolar solar from sky temperature vapor density velocity

0.60 22.0 . 19‘0 600
0.60 22.0 19.0 60.

0.60 22.0 19.0 60.
0.60 22.0 19.0 60.

o ©o o o o

0.60 23.0 19.0 60.

o v & L N -
o ©o o o O

0 0 0.60 24.0 19.0 80.

0.10 0.05 0.60 25.0 19.0 100

-

0.40 0.20 0.60 26.0 19.0 125,

9 . 0.70 0.30 0.60 27.0 19.0 150,
10 0.80 0.30 0.60 27.0 19.0 175.
11 0.90 0.40 0.60 27.0 19.0 " 200.

12 1.10 0.50 0.60 28.0 19.0 225.

13 0.90 0.60 0.60 28.0 19.0 250.

14 0.80 0.60 0.60 28.0 19.0 - 225.
15 0.70 0.50 0.60 27.0 19.0 200.
16 0.60 0.40 0.60 27.0 19.0 150.
17 0.40 0.30 0.60 27.0 19.0 150.
18 0.10  0.10 0.60 26.0 19.0 100.
19 0 0 0.60 26.0 19.0 80.
20 0 ] 0.60 25.0 19.0 60.
21 0 0 0.60 24.0 19.0 60.
22 0 0 0.60 23.0 19.0 60.
23 0 ] 0.60 22.0 19.0 60.
24 0 0 0.60 22.0 19.0 60.
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Table 3, (continued).
May sunny
Bour Total Diffuse Infrared Air Air Wind
solar solar from sky temperature vapor den. velocity
1 0 0 0.60 25.5 24.0 60.
2 0 0 0.60 25.0 24.0 60.
3 0 0 0.60 24.5 24.0 60.
4 0 0 0.60 24.0 24,0 60.
5 0 o 0.60 24.0 24,0 60.
6 0.05 0.05 0.60 25.0 24.0 80.
7 0.35 0.10 0.60 28.0 24.0 100.
8 0.70 0.20 0.60 31.0 24.0 125,
9 1.10 0.50 0.60 33.0 24.0 150.
10 1.15 0.60 0.60 35.0 24.5 175.
11 1.00 .0.70 0.60 35.0 24.5 200.
12 0.90 0.70 0.60 35.0 24.5 225.
13 0.80 0.80 0.60 33.0 24.5 250.
14 0.70 0.70 0.60 32.0 25.0 225.
15 0.65 0.65 0.60 31.0 25.0 200.
16 0.60 0.60 0.60 30.0 24.5 150.
17 0.50 0.50 0.60 29.5 24.4 150.
18 0.40 0.40 0.60 29.0 24.5 100.
19 0.10 0.10 0.60 28.5 24.5 80.
20 0 0 0.60 28.0 24.0 60.
21 0 0 0.60 27.5 24.0 60.
22 0 0 0.60 27.0 24.0 60.
23 0 - 0 0.60 26.5 24.0 60.
24 0 0 0.60 26.0 24.0 60.

- e s




Table 3. (continued).

May average
Hour Total Diffuse Infrared Alr Air Wind
solar solar from sky temperature vapor den. velocity
1 0 0 0.60 26.0 24,0 60,
2 0 0 0.60 26.0 24,0 60.
3 0 0 0.60 26.0 24,0 60.
4 0 0 0.60 26.0 24.0 60.
5 0 0 0.60 26.0 24.0 60.
6 0 0 0.60 .26.0 24.0 80.
7 0.20 0.10 0.60 26.0 24.0 100.
8 0.50 0.30 0.60 28.0 24.0 125,
9 0.70 0.40 0.60 29.0 24.0 150.
10 0.80 0.40 0.60 30.0 24,0 175.
11 0.70 0.60 0.60 30.0 24.0 200.
12 0.70 0.70 0.60 30.0 24,0 225.
13 0.60 0.60 0.60 30.0 24.0 250.
14 0.60 0.60 0.60 30.0 24.0 225.
15 0.50 0.50 0.60 30.0 24.0 200.
16 0.40 0.40 0.60 30.0 24.0 175.
17 0.25 0.25 0.60 30.0 24.0 150.
18 0.15 0.15 0.60 29.0 24.0 100.
19 0.00 0.10 0.60 28.0 24.0 80.
20 0 0 0.60 27.0 24.0 60.
21 0 0 0.60 27.0 24.0 60.
22 0 0 0.60 27.0 24,0 60.
23 0 0 0.60 27.0 24.0 60.
24 0 0 0.60 26.0 24,0 60.




Table 4.

Stand structure used in the CANOPY simulations. The

total LAI is approximately 0.45.

Strata 1 is at the

top of the canopy. The actual data is hypothetical,
but canopies of similar structure are found in man-

grove swamps.

Strata Leaf Area Index Leaf angle (°)
1 .002 60.
2 .050 54.
3 075 48.
4 .100 42.
5 .100 36.
6 .075 30.
7 .050 24.
8 .003 18,




Table 5. Physiological input parameters to CANOPY and values used in

the simulations.

All data are for Rhizophora mangle,

Variable

Symbol

Value

Data Source

minimum leaf resistance T

cuticular leaf resistance r

photosynthesis iight
parameter

photosynthesis light
parameter

absorptance

meéophyll resistance

root resistance

stomatal light parameter
leaf resistance parameter

saturation leaf density

Photosynthesis System 1

leaf temperature w/ 0.0 net
photosynthesis

leaf temperature w/ 0.0 net
photosynthesis

optimum leaf temperature
for photosynthesis

Photosynthesis System 2

min

cut

ap

bp

T
mes

M U

o

T,

To

Topt

To
To

Topt

0.04 min cm T

0.50 min cm *

2.5 cmz ly(gcoz)'-l

0.03 gC0,lycn”
0.60

0.30 min cm-l

0.2 min cm ‘bar~!
14. ly-lmin

16.

50 mg cm-2

-

10 °c

-~ 37‘00

27 °c

10 °C
40 °C
30 °C

Miller and Ehleringer(1972)

Millér and Ehleringer(1972)
Miller (1972)

Miller (1972)

Miller (19?2)

Moore,et al. (1972)

Miller and Ehleringer(1972)
Miller and Ehleringer(1972)
Miller and Ehleringer (1972)

Miller (1972)

Moore,et al. (1972)

Moore,et al. (1972)

Mooreset al. (1972)

Hypothesized

Hypothesized
Hypothesized

-



Table 6. Estimates of the rate at which the soil surface is
drying out under open sky conditions and at different
water contents for the three test days. Water content
is in volume/volume.

Initial water content water content percent change

Climate type at the beginning of the day after 24 hours in one day

February sunny 0.300 0.276 8.0%

May average 0.300 0.274 8.7%

May sunny 0.300 0.274 8.7%

February average 0.300 0.277 7.9%




Input Data

]

Begin hourly calculations:
Calculate by strata throughout the canopy.
1. Short wave radiation
2. Transpiration stream variables
3. Microclimatic profiles
4. Leaf temperatures

5. Net photosynthesis

6. Hourly output

Hours
< 24

YES

NO

Daily summaries

Figure 1. General flowchart of the program CANOPY.

——— -
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other microclimate
processes

A

Radiation processes

leaf processes

;@(

£
¥

fens emmme = e——

o | smmed. fend s

Fig.laFlow charts illustrating the interrelations between canopy variables and physical processes. Sym-
bols are defined and explained in the text. The upper chart illustrates the interrelations for one level in the
canopy; the lower chart, for a canopy divided into three levels. (after Miller, 1972)
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Legend to Figures 2,3,4,5

O  average February day

L sunny February day

4 average May day

4  gumy May day

L literature photosynthesis temperature response curve
H hypothetical photosynthesis temperature response curve
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Legend to Figures 6,7,8,9

net photosynthesis
leaf temperature
leaf water potential

leaf resistance

mg CO, dn 2 hr”
°c
bars

min cm

1
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5. -10 0.50

6. 40. =15 0.40

4. 30. =20 0.30;

_.a..a-o-av’A
2. 20. =25 0.20

0. 100 -30 0.101

—t by

+ «L—-—"'—‘ +
-20 00 -35 0 . 00 ¢ + + 4 + +
P T W R 0 4 12 16 20 24

Hour of day

Figure 6. The daily course of physiq}ogiﬁ?l functions for the February average day.
4 P net photosynthesis mg CO dm

& T leaf temperature °C

® W leaf water potential
© R

bars
leaf resistance

min co~1




Hour of day

-

a3

Figure 7. The daily course of physiological functions for the February sunny day.
P  net photosynthesis mg CO2 dm=2 hr-1 .

T leaf temperature °C .

W leaf water potential bars

R

.
o
| ]
© leaf resistance min em~1
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6.

4.

2.

0.

-10 0.50 -

40. =15 0,40

30 . -20 0 . 30

a

20 . "25 0. 20 4

10. =30 0,10 H

0. -35 0.00 . - - . —
0 4 8 12 16 20 24

T W R

Rour of day

-

Figure 8. The daily course of physiological functions for the May average day.
4+ P net photosynthesis mg COj dn™2 hr-1
leaf temperature °C

a T
. W leaf water potential bars
e R leaf resistance min cml




Hour of day

Figure 9. The daily course of physiological functions for the May sunny day.
+P net photosynthesis mg CO, dn~2 hr-l
AT leaf temperature °C
.y leaf water potential Dbars .
OR leaf resistance min cm™ . -
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The long term simulation of red mangroves.

Currently in Viet Nam much of what used to be mangrove forests is now
barren as a result of defoliation. Furthermore, reforestation appears to
be impaired in some way. The following mathematical simulation is being
used to determine possible long term causes. The two hypotheses being.tested
are: (1) tﬁe slow immigration of propagules retards reforestation and (2)
the growth of propagules and seedlings is arrested as a result of increased
temperature and salinity resulting from the initial defoliation. The red
mangrove forest, Rhizophora mangle L., of the Rung Sat Delta was being
modeled. Figure 1 is a simplified flow chart of the model. The description
of the model will follow the order of the state variables in the figure as

numbered with the description of the driving variable preceding.
Model Description

I. Macroclimate

The driving variables in the model are solar radiation, temperature,
precipitation and salinity. Mean monthly data were used to approximate
m;an daily values by means of a linear interpolation between two adjacent .
monthly means. A standard year is used throughout the simulation (see
Table 1). Mean monthly temperature and total monthly precipitation were
taken from Van Cuong (1964). Mea; monthly total solar radiation was taken
from summaries (Dept. of Commerce 1968) from the Saigon area. Mean monthly

ambient salinities from a Florida brackish water mangrove swamp were used
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to approximate the daily values (Eric Heald, 1971). The salinity curve
coincided with the solar radiation curve. Assuming a relationship between
solar radiation and evaporation, the Florida salinities are used as an

approximation to the Rung Sat Delta.

II. Propagules

The propagules are initiated through adult dropping and immigration from
peripheral areas (Figﬁre 2). The fruits ripen and fall from May to September.
Ninety percent of the fruits produced stay next to the parent tree. Approxi-
mately ten percent of the indigenous propagules are assumed to be invading
new areas. Propagule mortality is a function of varying temperature and
salinity. The mathematical function describing mortality due to temperature
is a linear decreasé from sixty-seven percent mortality at 36°C to zero

mortality at 30°C:
M, = (30 - T,) (0.67/5) W

where H& is mortality due to TA’ the air temperature., The mortality due to
salinity was approximated after Stern and Voigt (1959) where mortality
increased from -‘thirteen percent in sea water to forty-seven percent in tap

water as follows:
M@ = (1 - 8/45) (.5) (2)

where MS is the mortality due to salinity S which is in parts per thousand.
All the dead propagules are transfered directly to detritus,
Living propagules all germinate and grow leaves, stems, and roots with

a rate or growth as follows:

4" 8G/dt = kG(Gmax - G) (Salisbury and Ross, 1969) (3)
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vhere dG/dt is the rate of growth, k is a time constant relating to the
length of time taken to reach Gmax which is the optimum biomass of the
leaves, stems, or roots prior to the transfer to seedlings. G is the
current biomass of the leaf, stem or root part in question. As a propagule
only stored energy is used for growth. Optimum leaf, stem and root biomasses
were calculated by taking the caloric values for propagules, leaves, stems,
and roots (4.58, 4.18, 4.34, and 4.03 kcal per gram dry weight after Golley,
1969), converting to kilocalories per gram wet weight using a 0.4 dry to wet
weight conversion factor, then dividing the propagule energy content by

the weighted plant energy content assuming 0.22, 0.63, and 0.15 for leaf,
stem, and root fractions respectively. This yields an estimate of propagule
energy content after distribution according to seedling wet energy contents:
ie. the propagule will grow to 2.4 times its dormant biomass before needing
outside energy input. After taking 2.4 times the propagule wet weight and
subtracting expected respiration losses, we can estimate the leaf, stem,

and root biomasses as 22, 63 and 15 percent respectively of the remainder.,
Once the optimum leaf, stem and root biomasses are attained the propagules

are transfered to the seedling catagory.

III. Seedlings and Adults
Once a propagule has attained the seedling leaf-stem-root ratio, the
growth scheme given in Figure 3 is followed. The life pattern in seedlings
is assumed to be exactly the same as that of an adult therefore the same
flow chart and subroutine are used with different initiating parameters.
First solar energy enters the canopy and fifty percent is absorbed by the leaf

material., Net photosynthesis is calculated after Gaastra (1963) as follows:
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Pn = ([C0,], - [C0,], / (1.56r, +x, + 1) %)

where Pn is the net photosynthesis for LAI equal to 1.0, [602]a and

[c°2!2 are the carbon dioxide concentrations of the air and leaves, x, %ﬁ

the leaf resistance to water loss, 1.56 is the ratio of the diffusion
coefficients of carbon dioxide and water vapor, T, is the laminar boundary
layer resistance and L is the mesophyll resistance to carbon dioxide exchange.

The leaf resistance to water loss is calculated using:

r, = (0.5 - (0.0245) (WD x SA) + (C x WD x 5A)18)/(1. + (16 x sa))
(Miller and Ehlringer, 1972) (5)

where WD is the water deficit, SA is solar absorbed, and C is a constant.
The net photosynthesis is then multipiled times the leaf area index then stem

and root respiration is subtracted. The Gaastra equation takes into account

leaf respiration so only stem and root respirations are subtracted from the

net photosynthesis. Respiration is calculated using the QlO equation:

0.1(T - T;)

R=RQ, (6)

where Rb and To are reference respiration rate and temperature, respectively,
Daily respiration was estimated directly from equation (6) where as daily
net photosynthesis was a linear approximation from the instantaneous solar
moon rate.
The light entering the canopy was extinguished exponentially:
k4F

SA = SAe (7)

where F is the leaf area index, and k% is the extinction coefficient

which is calculated as follows:

k, = cos (I) (Duncan, et al., 1967) (8)
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wvhere I is the leaf inclination from horizontals Dynamic strata were used to
correct for reduced photosynthesis with the extinction of light through the
canopy. It has been noted that the leaf angle used in equation (8) decreases
from the top to the bottom in an adult canopy Miller, 1972), Miller (1972)
has also measured the leaf areas for~varioua mangrove canopy strata and given
a typical tree distribution for both leaf inclination and leaf area. Given
the typical leaf area and leaf angle distribution for adult trees one can
distribute a total leaf area index accordingly yielding a corresponding
reduction of light for lower levels in the canopy. This process limits

the size of the canopy in the following way. In the model ;f a stratum has
a negative production, respiration exceeds photosyntﬁesis for the stratum, then
the stratum leaf biomass is reduced accordingly, also the stratum does not

recieve new material for growth. The lower levels are then reduced as the

leaf area index exceeds the value at which all strata sustain zero to positive
production. This yields an optimum leaf area index and maximum tree size .
which maximizes production. .t -

Once daily photosynthesis is calculated it is reduced according to the
temperature function described in the accompanying paper. Zero efficiency
occurs at 25°C with & linear decrease from 25°C to 15°C and 25°C to 55'0
such that at 15°C or lower or 35°C or higher photosynthesis does not occur.

Assimilation is then the difference between respiration and net photo-
synthesis. If the daily assimilation is negative, leaf material is lost |
at a rate of twice the negative assimilatioq assuming fifty percent
efficiency in the resorption. Fifty percent of the retracted leaf material

goes to maintainence of the plant while fifty percent is transfered to

detritus. If net photosynthesis is positive then it is allocated as follows:
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F, = 2(01?1) -cyi S (9)

h

where Fi is the fraction allocated to the :l.t plant part, °F1 is the optimum

fraction of the ith plant part and CFi is the current fraction of plant

material residing in the 1th

plant part. OF values for leaves, stems, and
Toots are 0.085, 0.610, and 0.310 for adults and 0.22, 0.63, and 0.15 for
seedlings.

The seedling to adult transfer occurs at 7;2 grams of leaf material
per:plant. When this arbitrary leaf biomass is reached the seedling is

then considered an adult. This weight standard corresponds to the weight

of four mature leaves.

IV. Fruit Production

The fruit production scheme was designed from qualitative descriptions
;f fed ﬁangroves'on the Rung Sét Delta. Fruiting begi;s in Mafch with peak
production from May té Jﬁiy with a stea&y decrease from July to August,
Fruit production ceases in August. These observations were incorporated in

the model as a discontinuous function as follows:
March to May Ff = (D/30) x 0.5 MX (10)

May to July Fo = MX (11)

July to August F

£ = MX - D/30 (12)

vhere Pf is the fraction of leaf material available fpr growth allocated to
fruit production, D is the current day of the month and MX is the maximum
fraction of net production allocated to fruit production. From January to
March and from August to December Ff is set to zero. The MX value was

arbitrarily set to fifty percent of leaf material available for growth.




. concentration, and k3 is the decay constant relating decay exponentially to
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V. Detritus, Nutrients, and Herbicide

All dead material is added to detritus which is undergoing a tidal
exportation of 87.4 percent (Golley et al. 1962) and exponential decay:

-klt
D =de (13)

wvhere D is the current weight in grams of detritus, d is the initial weight
in grams of detritus, t is time lapse from initiation in days, and kl
is8 6.7 x 111)-3 which is the decay constant associated with forty-five percent
decomposition in two months (meetings on mangrove ecology, 1972).

A fraction of decomposed detritus is then allocated to nutrients and
herbicide in solution. Thirty-five percent of decomposed detritus is
assumed to be nutrients with 0.05 percent being assumed herbicide if the

plant death is a result of herbicide introduction. Nutrients and herbicide

in solution then undergo exponential decay as follows:

kzt
N = pe (14)
k3t

H = he (15)

where N is the current nutrient concentration, n is the initial nutrient
concentration, k2 is the decay constant relating decay exponentially to

time, H is the current herbicide concentration, h is the initial herbicide

time. It is assumed that 87.4 percent of the nutrients and herbicide in
solution is exported with tidal inundation periodically.

If the herbicide concentration is above 10 lbs per acre or 11.2 x 103
gr. per hectare defoliation occurs and all the leaf material is transfered

to detritus. (meetings on mangrove ecology, 1972).
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Evaluation of Data Base and Estimation of Parameters

There aée few data available regarding propagule and seedling
growth. To determine an estimate of the leaf-stem-root fractions for
seedlings two submodels were proposed using (1) the typical adult
leaf-stem-root fraction indicated by Golley et al. (1962) and (2) a
linear projection of the Golley data to approximate seedling leaf-stem-root
fractions. If the plént pért biomasses for leaves, stems, and roots are
reduced to fraction of the total biomass and plotted versus the diameter
at breast height clear trends are indicated for leaves and roots. Projecting
these trends to zero diameter‘at breast :height yields .0.22 and 0.15 for leaf .
and root fractions., This procedure was done by hand and the leaf and root it
fraction appear to be a curvilinear functions of diameter at breast height

so the indicated values are crude estimates., With 0.22 for the leaf

fraction and 0.15 for the root fraction we have 0.63 for the stem fraction,
Submodel (1) resulted in a quick elimination of seedlings under a leaf aréa
index of 1.0 and 3.0, and zero maturation to the adult catagories under a
leaf area index of zero. Submodel (2) indicated four year survival under

a leaf area index of 1.0 and maturation to the adult catagory in three years
under a leaf area index of zero.

In determining the root fractions an épproximation was used correcting
the Puerto Rican data.(Golley et al, 1962) for subsurface roots. Snedacker
and Lugo (1972) indicated subsurface roots as thirty-six percent of the
prop-root-subsurface root subtotal. All of the prop-root biomasses
indicated by Golley were then divided by 0.63 to include an estimate of the
addition due to subsurface roots.

Correcting the leaf-stem-root fractiéns indicated by Golley et al. (1962)

at 2.8 cm. diameter at breast height we have adult fractions of 0.085, 0.610,
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and 0.305 for leaves, stems, and roots respectively. These values were used
to characterize the typical adult plant in the model.

Two fruiting submodels were proposed: (1) a fraction of the assimilation
allocated to leaf production was used for fruit production, and (2) a
fraction of the total assimilation was used for fruit production., With submodel
(2) fruits averaged ten percent at maturation of the total adult biomass. '
Submodel (1) indicated fruits between 1.5 and 3.1 percent at maturation of the
total adult biomass. Snedacker and Lugo (1972) found between 0.0 and 4.1
percent residing fruits in their studies of red mangroves.

To determine seedling density for estimating the leaf biomass per plant
the above ground dry weight at the end of five months growth was divided by
1.77 grams which is the above ground dry weight of five menth old seedlings
as indicated by Stern and -Voight (1959). With an immigration of 3.0 grams of
propagule a year this yields a first year density of 1.1 seedlings per meter

squared. Typical assimilation data for this density are given in Table 2.
Results

The effects due to temperature are demonstrated in Figure 4. Three
twenty year simulations were made with (1) normal temperatures, (2) half
degree above normal temperatures andf(S) a full degree dabove normal temper-
atures. Simulation (2) and (3) showed eighteen and.-forty-eight percent:
decreases in biomass below the biomass of simulation (1).

The effects due to salinity were less dramatic. Three twenty year
simulations were made using (1) the normal salinities for brackish water,

(2) one part per thousand above normal salinities for brackish water and (3)
two parts per thousand above normal salinities for hrackish water. There was

less than one percent variation in total biomass between the three simulations,
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Variations of reforestation due to varying immigration are shown

in Figure 5. Three twenty year simulations were made using immigration
rates of (1) 1.0 grams, (2) 2.0 grams and (3) 3.0 grams of propagule per

meter squared per year. Simulations (1) and (2) showed twelve and:-nine

percent decreases in biomass below the biomass of simulation (3).

Conclusion

dadiiiee i

The effects due to increased salinity appear to be relatively small.
The effects of temperature play a major role in reforestation. The barren

nature of the Rung Sat Delta due to defoliation and wood gathering has

-y

increased the likelihood of temperatures inhibitory to plant growth.
Inhibitory temperatures and slow immigration are the major sources of

@wh inhibition in the model and in combination probably play the major role in
{ reforestation problems on the Rung Sat Delta.

The most critical &eficiency is the lack of data on the growth habits
of propagules and seedlings. The nature of initial rooting and the role of
soiar‘radiation in activating propagules on the mud are unknown. Data are
available on five month old seedlings and adults of unknown ages. There are
data concerning adult photosynthesis, respiration, canopy structure

and root structure but no intermediate points for seedlings and younger

adults which would serve to improve and validate the model.




Table 1. Macroclimate Input

Month 1 2 3 4 5 6 7 8 9 10
Temperature (°C) 23,5 24.6 26.6 27.7 28,0 25.9 24.8 25.0 25.5 25.8

Precipitation (mm) 6.6 3.4 5.8 60.0 201.0 204.0 199.0 184.0 199.0 201.0

Total Solar Radiation 350 422 456 438 . 367 391 386 369 355 334
(cal/cmZ/min)

Salinity .. 14.5 20.0 22.4 27.9 20.0 10.1 0.0 °0.0 0.0 0.0
(parts per thousand)
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