AD 119 026

AD-779 026

THE EFFECTS OF HERBICIDES IN SOUTH VIETNAM

PART B. WORKING PAPERS: AIR-PHOTO STUDIES OF THE
RUNG=SAT

NATIONAL AcADEMY OF ScIENCES-NATIONAL ReseArcr CounciL

FEBRUARY 1974

DISTRIBUTED b7

INTTTS

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE




R

e

A

ot s g it N E

TR TN BT S PRSI IR 0
PGy At B p

AD 776}01@

THE EFFECTS OF HERBICIDES IN SOUTH VIETNAM
PART B: WORKING PAPERS

FEBRUARY 1974

Air-Photo Studlies of the Rung-Sat

CHARLES P, WEATHERSPOON AND ALAN E. KRUSINGER

Reproduced by

NATIONAL TECHNICAL
INFORMATION SERVICE

U S Dopartment of Commarce
Springfield VA 22151

NATTONAL ACADEMY OF SCIENCES - NATIONAL RESEARCH COUNCIL

WASHINGTON, D,C. 20418
- [
]

DISTRIBUTION STATEMENT X

DDC

LTEH0)
MAY 20 19%

Approved for public relecae;
Distribution Unlimited

. . e G e e e e e
T g eV Yo it Bl T e ey w

LOLETTE
D

- A o Lo i AN B i 4D & 2 e h ek g BV

et st e e s




B o e o eyt e bt s 3

Air-Photo Studies of the Rung-Sat
;
CHARLES P, WEATHERSPOON AND ALAN E, KRUSINGERa 2
: Several of the questions posed by the Committee on the Effects of !
?T Herbicides in Vietnam régarding mangrove/herbicide relationships are §
b ~ ‘ ' )
3 conceivably amenable to air-photo study. These include the following. :
¥ | ' i
- What were the composition and distribution of the mangrove communities - \
z ~ prior to spraying? How sensitive-are the mangroves to herbicide appli- ‘ ) %f
i | cation; more specifically, how does damage vary with species, site, and ?
: | . _ %
é number of times sprayed? What can we say about the rate, species composi- i_
4 tion, extent, and distribution of recovery and recolonization? What has 4 %
| been the rate, extent, and location of post-spray invasion by nonmmangroves . %
.f >(shrubby and herbaceous species), and what is the effect of this invasion '%
E: . ' i '
% .- on'reestablishment of mangroves? What are the extent and nature of 3§
s ' ' o - ;
i % accelerated erosion caused by the spraying? How extensive have been the o
1 . : : :
¢ salvage operations of woodcuttgns, and have they had detectable effects
on regeneration and erosion? Some of these questions have been partly
~ answered through the previous work of this Comnittee, and to a limited
degree, in the literature. This report summarizes our efforts to supple- :
ment this information thrdugh"the gtudy of sequgntial aerial.photography“' ?,
- 8pr, Weatherspoon and Mr. Krusinger, consultants to the Committee 3
‘on the Effects of Herbicides in Vietnam, were aifiliated at the time of -
“the study with the U,S. Army Englneer Topographic Laboratories, Geographic
' Sciences laboratory, Fort Belvoir, Virginia 22060, Dr. Weatherspoon's
current eddress is: U,S, Forest Service, Kalbab National Forest, Box 817, - .
Williems, Arizona 86046, Mr. Krusinger-is still with the Geographic
uciences Laboratory‘ N Ry N f?;; ;
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(1958 to Jamuary 1973) used in conjunction with observations and ground
photographs made during the December 1972 visits to the Rung-Sat.

Much of this report deals with our analysis of sequential photog-
raphy of Thanh-An Island. In addition, we have compared the January 1971,
1:5000~scale color photography of the Rung-Sat with the color photography
of the same scale taken for the Committee in October 1972 and January
1973, wherever dual coverage was available in the Rung-Sat. This allowed
the detection of smaller changes (e.g., recent regeneration) than would
have been possible with smaller-gcale photography, even though the interval
was only atmt two years. Alcso, we made limited observations of areas
elsewhere in the Rung-Sat when required in connection with specific
questions--e.g., the role of Acrostichum, differential erosion between
sprayed and unsprayed areas. We intend to conduct additional ;gguential
studies of the vicinities of the Drew-Ho sites® and the hewfsiééi(KmN siteiv
at YSOUWT702) visited on December 16, 1972. -

-Our observations, soil samples, and ground photogfégﬁs in the field
were made with the subsequent study of the air\phqtos~spec1;icially in'mind;
Accoidingly, the locations of these activities were chosgh to represent the
range of air-photo patterns found in the general aregs"that Vére visited, and
each location was marked carefully on thz alr photo. Thia al;owed'us
later to extrapolate these field duta on a pattern basis. Using
sequential photography, we then could attempt to reconstruct the pre-spray

vegetation communities and trace the vespunse of these communlties to tae

%For location of the Nrew-Ho sites nenticned througheout this report,
see gites 2 and 7 in Flgure IV C»5, Part A of the Report of the Effects of
Herblcides in South Vietnam. '
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spraying.

As a supplement to this report, we provided the Committee with a
1973 aerial photograph of lower Thanh-An Island and an overlay showing
our reconstruction of the pre-spray vegetation types; aerial and ground
photographic documentation is available where appropriate to support

any portions of this study to be incorporated into the final report.a

DISTRIBUTION OF PRE-SFRAY MANGROVE COMMUNITIES ON THANH-AN ISLAND

In trying to reconstruct the vegetation of Thanh-An Island, we
began by reviewing field notes and ground photos to determine species
composition (from living plants or identifiable remains) at known locations,
: ;i;2W¢.extrapolated these data elsewhere on the basis of (1) air-photo
_patterns; (2) known site preferences of genera obtained from Committee
- 1;§Eﬁ@éfs, the air photos themselves, and the literature; and (3) known
' fherbiéidg~sensitivities, used in conjunction with the sequentia1 photog-
rapﬁ&; fﬁeudifferent sets of photography comprising the sequential
co#éragefwgréfﬁsgful in delineating type boundaries, since for various
reasons ﬁgrﬁaﬁniéets emphasized certain vegetation types more than others,
In the diéguésion that follows, only those genera for which specific
field evidénce.waéffound are mentloned, Undoubtedly, therefore, some genera
Bccurring_;n the ﬁrg-spray condition are excluded. We feel, however, that
the maj@rfcomponentsxof the various types are consldered.
‘.yit,;s well known that elevation and the assoclated frequency and
© duration of tidal irundation are of major importance in the distribution

of the mangrove types. Thus, relative elevatlon (quantitative elavation

%hese materdals are in the office files of the NAS/NRC Committee
on the Effects of Herbicides in Vietnanm.
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data are not available for Thanh-An Island) is the significant independent
variable in the generalized profile of reconstructed vegetation types
shiown in Figure 1 and in the remainder of the discussion in this section.
The "foot" of Thanh-An Island (a WNW-ESE belt 13 to 2 km across
the southern end of the island) appears to be composed of more recent
glluvium and to have a lower average elevation than the rest of the
island. This observation is supported by its greater drainage density,
higher percentage of inundation at high tides, change in vegetation to
a distinctive dark-toned type (pre-spray), and apparently continuing
active accretion. Numerous large trees occurred along and near the
stream banks in this "foot." Observations of the stump remnants of some
of these trees near Teas site 2a indicated that they were Sonneratia. IFrom
the similarity of photo pattern and site (fresher allvvium more favorable
to Sonneratia?) and the fact that sequential photography shows these
trees to be killed by a single spray application (Sonneratia considered
one of the more sensitive genera), we conciude that most of the large
stream-bank trees in the "foot" and in other low areas on the island were
also Sonneratia. Other stre&m-ﬁank trees, generally smaller and perhaps
oeourring somewhat higher on the banks than the Sonneratia, were not
killed by a single spray, and many of thesge are still living. We are
confident that most of these ars Avicennia, and have based this conclusion

on direct observation in the field and extrapolation to other locations

8por locabtlon of the Meas sites mentioned Lhroughout thls report,
gee site 4 in Figure IV C-5, Part A of the Report on the Effects of
Herbicides in South Vietiam.
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using the similarity of photo pattern to that of known Avicennia trees,
as well as on their apparently greater resistance to spray. In parts of
the island where average stream-bank elevations are higher, the evidence

suggests an increase in the ratio of Avicennia to Sonneratia.

Most of the finer-textured, dark-toned trees in the Thanh-An "foot"
were probably Rhizophora. This pattern could be correlated with dense
Rhizophora remains in some locations, particularly at Teas site 2. The
pattern also is similar to that of Rhizophora observed elsewhere. The
site characteristics~-low to medium elevations, frequent flushing by the
tides, relatively fresh aliuvium--are consistent with the occurrence of
Rhizophora, Furthermore, Lhese trees were killed by a single spray, again
compatible with a Rhizophora intecrpretation. In the field we found
Xylocarpus remains in with the Rhizophora remains, suggesting an associa-
tion of these two genera (also indicated in Vu-Van-Cuong 1964). Other
genera also are probably associated wiilh Rhizophora in this area, but we
found no specific ground evidence of them. '

The Rhizophora type extends from the Sonneratia-Avicennia of the

Lank margins poxoss the frequently-inundated tidal flats and onto the lower

slopes of the older, higher alluvium, Here it begins to become mixed with

Ceriops and occasionally with some Excoecaria. A little higher the Rhizophora

sleps and a relatively narrow band of elmost pure Ceriops is found. The
identity of the Cerdops and Excoecaria in this zone was verified Ly field
ingpection, The apparent tolerance of these {wo genera to at least one
spray applicat’.n (discussed later) helps in distinguishing them from
Rhizophora. This persistence after one spray also indicates thrt QEEEQHE
is,prpbably more abundant than Rhizoghoia in some of the higher tidal tlal
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areas found north of the "foot" on Thanh~An Island.

The Ceriops band gives way at higher elevations to a zone of
practically pure Phoenix., The Phoenix type usually has rather sharp
boundaries, perhaps suggesting relatively narrow tolerance limits with
respect to elevation. This zone has a very characteristic air-photo
) pattefn: on panchromatic photos it displays the lightest tone of any of
the mangrove types (a distinctive gray-green on color photos) and, as

suggested earlier, typically occurs within fairly distinct boundaries.

O VR SR R

Even areas in which Phoenix has been destroyed have a distinctive pock-

marked air-photo pattern., Mature stands of Phoenix of'ten have completely

AR BT

closed canopies. Where the canopy is more open, however, as may be the
; case along the stand boundaries, a dense understory of Ceriops commonly
‘ develops; Excoecaria may be mixed in as well, usnally along the upper
margin of the Phoenix.
To a lesser extent, Phoenix also is found to be fairly dense along ‘

the banks of a minority of the streams of Thanh-An Island. These tend to

be the streams that are relatively deeply inclsed into the higher arcas

TR e ST

and that may have significant natural levees along their margins, as eon=

trasted with those occurring in lower areas, whoge banks have less reliel
and whose headwaters diverge into broad, shallow fans. The banks of the

; former type of streams evidently are high enough to support Phospix. - Once

established, the palms éppear to accumulate soil around-their'bases,

thereby further elevating»and improving theif site. o o
Above the Phoenix zone the dominant genus is Coriops. Extensive

areas of high, dry ground on Thanthanaland, particularly inland from -

Teas si'os 3, byand S, werc sveupded by denge ticydops thickets. fovions
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appears to remain dominant up to the highest sites, where it becomes
-.mewhat sparser and shorter. Excoecaria frequently occurs fairly densely
along with Ceriops in a band just above the Phoenix zone, and then becomes

less abundant at the higher elevations. Both Ceriops and Excoecaria de-

crease in height with increasing elevation. In some arcas one or both
of the Phoenix and Ceriops-Excoecaria bands may be missing; in the latter
case a continuity betuween the lower and upper Ceriops types results.
Evidently Ceriops tolerates a wide range of conditions. Perhaps these
lower and upper Ceriops types represent two different species (g; tagal
and C. decandra), & possibility that we unfortunately did not check in

the field.

HERBICIDE SENSITIVITIES AND RECOVERY OF MANGROVES

The use of variously-dated photography was of partibular importance'
in this part of the study. Speeifice tfees and groups of trees were followed
through the sequence of sprayings to try tp deharmine the dosage reqnired
fef damage/recovery,and thét fbr_;omp;eﬂé kill. Reconstruction of the exact -
- sequance of herbicide applieatioﬁs in this heavily-sprayed aQea was not
particularly straighbtforward; nevertheless, we faei_something usefulrenn

‘be gald pbout herblelde sensitivities.

Xt was stated earlier that both %onneratia upd Rhiz orhora wore

killea by a single spray applieatibn. In fayb, tﬂiu ubservation vas used
to some extent as a diagnostic tool for idenbifying th3u@ genera. (A bit
of circular reasoning way be involved here,_but‘taknn with other evidence
regarding the ideatity and hexbicide sensitivity or_theaeigeneré, we feel

our conclusions are sound,) To our knowledge, no survivors of Sonneratia
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, ,survivora,are in fact found n@ar'streags. However, 'earaful study of the

'photoa-haé l&d'u$~téfcﬁﬁﬁluﬂﬁ that thig 3 thv ease- simply because these

in tzhé pm-spr&y

or Rhizophora were observed on Thanh-An Island.

Based on our air-photo studies, we concur with the view that
Avicennia is the most herbicide-resistant of the mangroves in this area.
Several Avicennia survived the multiple spraying (at least two doses,
probably more) on the west coast of Thanh-An Island. The percentage of
survivors is difficult torestimate. since Avicennla trees are not
sufficiently distanctive on the pre-spray panchromasic photographs to
permit their reliable identification. It should be noted that most of

the Avicennia survivors were among the smaller of the large stream-bank

trees. Whether this means that the smaller (younger?) Avicennia individuals

for some reason were more resistamt or that the larger trecs were not

Avicennia (Sonneratia perhapst ), we do toh knaw. Anothar obgervation

regarding Avigahnia survival is in order. IU haz been suggested that the

survival gf Avieennia is @nhanced by pr@khﬁibv te ;&r@ama. Th‘“'is a

~ sessonable n»sumptzon giveu the fact that the great majoerity of Avicennis

are the sit‘e.. ct:eupied by Av! mia t;o beg g, with, .90, the average -
proximity w stmam of tioge suwivom does not appe@“ 1o be signiﬁ @smtly
different fm that oi’ the hrg@ ..t.mm-bsnk tmes { ineludmg é\“imm’:;

oo

condition.

1’920!.!1‘1& appears to suffey ﬁubstamial ds::age. ineluding degtruction

‘of wuch of the wpped crown, x“xw one spray, but the sarvival rate g hi_gh.

. The pattern and rate of 'regbow_ths shiowg al::ést. ceplainly that this 13 re-

covery of datisged individumls rather than recolosization by new seedlings.

_'Nsc m‘eab wajority of - the Phe onis\ ol *man!a-m Island, apd probably timt.gh-

9
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out the sprayed portion of the Rung-Sat, appears to be survivors rather
than new regeneration. A second dose, on the other hand, evidently
causes heavy mortality. The result is pronounced linear edges of sur-
v.ving Fhoenix stands in several areas, corresponding to the boundary
between one and two spray applications. By contrast, these edges are
rarely seen with Avicennia, presumably because of its greater herbicide
resistance and because on Thanh-An Island it normally does not ocour in
in extensive, continuous stands in the pre-spray condition.

We obtained some limited evidence that Phoeri{ survival may be
better on_shream-bank sites (described earlisr) than on the medium eleva-
tion inland siteg., Fhoendx stands on two such sites were studied, All

trees ware killgd back eagentially to the ground by a sc.ond spray.appli-
::eti@x;. i“he inland gmuprdind, while the slream-bask stanu recovered
{slightly mors favorahle éit@?)

A ‘!5 zélst@fi obgervation @oemer_ning survival of Pnocalx seedlings was
wade in Lhy vieipity of 'I‘ra:) gite B, An eyt esive, dense zéx;gz_ of Phosalx
-a&q@ié%ﬁ tha uzr;xii\m '«;.leégt_i@u_ ém&é t;éar' this site prior to épréyiﬁg; The
| meltiple spraging élgné the west ceast of t_h@'isl’am‘il,éwx;slewly a@mﬁa
s-.hig.,m;zc?,-, as might ba expec;éﬁ, end no visible mgeéémﬁma ha* bevoma
wnbgblished heﬁre; rii@g@v@x*, today there are & ;ambér ol young »'F‘%zm‘s;:a@x .
planis -n:t'. the lowar elevations 'né&r@r the strems, Oé;ny éuxm@h, very f‘m:.
Af any matuie Phoanis individuals cwmf&é found in this latter area %sn

. the pma‘p&w photography. These your.g;&*’h;m-;ﬁ:{ are visible as. vory mau '

p.laﬁt& on 1966 photography (after most of the sverstory trees had bewn

‘Killed), so they probably were slready sctabliched as seedlimgs whan

spraying cow—éncﬁ. Terhaps umy' survived becau»e of shielding :‘roa:

10
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spray by the overstory canopy, or maybe the seedlings for some reason

have a greater natural resistance to herbicide than the mature palms.

But one also would expect seedling establishment, presumably in much
greeter numbers, within the main Phoenix zone. Why, then, are there no
young Phoenix survivors there? Perhaps the lower site was significantly
more favorable for seedling survival after the microenvironment-moderating
influence of the overstory canopy had been r —oved. Maybe greater
flushing of herbicide by the tides in the lower area was a factor.

On the basis of these observations, it may be postulated that
proximity to streams (or perhaps simply elevation) is a significant
factor in Phoenix survival and recovery, even though it does not appear

% to be applicable in the case of Avicennia.

Cerlops and Excoecaria seem to have roughly the same sensitivity

range as Phoenix, i.e., they survive on on= dose (with the exception noved
; below), but are ucually killed by a second or third application. The

pronounced spray~-related lineations mentioned earlier in the case of !

e o

Phoenix are common also for Ceriops and hxcoecaria. Where Ceriops occurs

as an understory o. incompletely closed Phoenlx canopies, survival may be

extended because of partial ovec.liead shelter from the herbicide. As

i R et e

lndicated for FPhoeniix, practically all the Ceriops and Excoecaria trees !

R i

visible on current air photos are almost certainly survivors rather than

new seedlings, desplite the small stature of much of the Ceriops (1.0-1.5 m).
The growth form of these trees is not typical of recent seedlings, and few--if
any=--new, living seedlings were observed adjacent to surviving stands on the
higher inland sites., Iurthermore, the continuous existence of these stands

could he followed on the sequential photography.
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A notable exception to the survival of one spray application by
Ceriops is found on the highest sites on Thanh-An Island. Here the trees
are sparser and somewhat shorter, and one spray produces virtually complete
kilil. Thus, affter one spray, denuded summit areas appear as islands within
otherwise vegetated terrain. Apparently these sites are so marginal for
normal survival and growth of Ceriogs that the trees cannot tolerate the
additional stress of herbicide application. There is some evidence of
preferential pre-spray harvesting of trees on these highest sites (perhaps
denser wood better for charcoal?), but the extent and rapidity of destruc-
tion in these areas following spraying indicates that woodcutters are not

the major factor in this situation.

-MANGROVE RECOLONIZATION

In general, the air photos have not proved very useful in studying
recolunization. Most of the seedlings are too small to be resolved on our
1:5000~scale photography. The poor resolution of the new Committee photog-
raphy (October 1972 and January 1973) presents particular difficulties in
this regard. To emphasize the appearance of any new vegetation, we compared
large-scale (1:5000) color photography taken in January 1971 and October
1972/January 1973 over the areas in the Rung-Sat covered by both sets, A
greater time span probably would have been preferable, but was not available
at this scale; Of all the locations checked, only one area--portions of
the east bank of the Song-Dong-Tranh north of Dong-Hoa--showed unmistakable
signs of new tree seedlings over this two-year intervel. These seedlings
occurred on fresh mud banks, evidently a quite favorable site for rapid

colonization and growth of ploneer species. (This may support the idea,

12




incidently, that site quality differences--e.g., freshness of alluvium,
elevation--as well as seed supply are quite important in the observed
differences in rate of recolonization between the Rung-Sat and the Ca-Mau.)
Very marginal indicaiions of an ‘ncrease in "green stuff” on a few stream
levees were the only other possible air-photo evidence of mangrove recoloni-
zation during this interval. Many very small trees could be seen, but

these were invariably visible two years earlier, and tracing them back
further on small-scale panchromatic photos generally was not feasible.

We searched fur new seedlings within and along the margins of surviving

stands or clumps of trees (including Avicennia, Phoenix, Ceriops, Excoecaria),

et m—— -

and always found that, while height and crown size of individual trees
might increase to some extent over two years, no new trees could be seen.

‘The general location and composition of mangrove reproduction

At Tt

observed on the ground has been noted by others in the course of the

Committee's study, so i1t i1s not necessary to discuss that here,?

DISTRIBUTION AND COLONIZATION OF SHRUBBY AND HERBACEOUS SFECIES

The nonmangrove of greatest interest to the Committee has been the
fern Acrostichum., We hope to do more detalled studies of the fern in the
course of sequential analyses of the Drew-Ho sites and the new (KKW) site.
] However, we have made some preliminary air-photo observations.

Acrostichum presently occurs on somewhat elevated sites in the

83ee Ross, P. The effects of herblcides on the mangrove of South
] Vietnam, Part B of the Report on the Effects of Herblcides in South Vietnam.
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middle and upper Rung-Sat. It is found both on natural levees and in the
upper elevations of intefior areas. Fiom a preliminary atiempt to recon-
struct the rcle of Acrostichum in the pre-spray mangrove, it appears that
the fern normally occupies an understory position. In the irland sites,

it is associated closely with former or remnant Phoenix. The present
boundaries of these inland Acrostichum stands correspond remarkably well
with those of earlier Phoenix stands as observed on pre-srray photographs.
This postulated understory position is supported by the partial destruction
by spraying of the Phoenix canopy in some places, thereby revealing a

dense lower stratum of Acrostichum immediately adjacent to the remngnt edge.
Also, Acrostichum often can be seen through incompletely closed Fhoenix
canoples. Where the fern occurs on levees along streams, its overstory
appears to have been more variable--sometimes Phoenix, sometime other
species as yet unidentified.

The boundaries of Acrostichum stands typicaliy'are fairly sharp and
often closely related bto elevation contours, perhaps reflecting critical
lower elevational limits, Evidently its upper elevational limits are
higher than those of Phoenix, since in a few cases Acrostichum appears to
have occurred without an overstory in summit areas above the Phoenix zone.
This is somewhat reminiscent of the position of Ceriops in the more saline
lower Rung-Sat. There 1s some evidence that uncovered Acrostichum may have
occupled part of the very dry, high portion of the KKW site near Drew-Ho
site 1. This is an area which, once denuded, may become hostile to any
natural recolonization for a considerable time.

Post-spray Acrostichum stands are often nearly pure. Sometimes,

however, the fern is mixed with a few Phoenix palms or other trees, and

14 ya
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sometimes it adjoins or associates with species such as Azima, Wedelia,

and Pluchea. A few kilometers south of Drew-Ho site 1, the range of

Acrostichum overlaps with that of Ceriops. Currently these two occupy

quite similar sites in this region, often growing side by side, except
that Ceriops is seldom found along stream banks. Acrostichum was observed
sometimes as an understory of Ceriops, which in turn occasionally grew
beneath an open Phoejix canopy. There appear to be many interesting
relationships here vhich time has not allowed us to pursue.

Acrostichum on Thanh-An Island is very limited. We found only
scattered individuals eround the bases of a few elevated ridges (remnants
of 0l1d forts or kilns?).

Evidence of Acrostichum regeneration was sought on the two sets of
color photography along with that of tree regeneration. In most cases, a
small increase in height and crown size of individuals or clumps was the
extent of the detectable change over the two-year interval. However, at

a few locations, some newly visible individuals or clumps of the fern

were obsexved. In every case (except as noted below), though, one got the

impression of a "f1lling in" of an already-existing stand (probably there
prior to spraying) rather than an extension of the boundary of the stand.
In one instance, Acrostichum coverage increasea substantially in two years,
apparently lnvading a new area. But a closer look showed that the extent
of the "new" stand was neatly defined by the boundary of an earlier
Phoenix stand. This, together with the rapid rate of "invasion," suggests
that after the Phoenix overstory had been removed, the Acrostichum was
further sprayed enough to destroy the tops of the plants, then later

resprouted from the surviving bases. In any event, our air-photo study

15
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corroborates ground observations by the Committee that Acrostichum is not
rapidly invading vast areas of denuded land.

Since we have not yet conducted detailed sequential studies in areas
occupied by the fern, we cannot say much about its appareﬁt herbicide
sensitivity. It does persist, however, in river-bank zones sprayed at
least twice. Because of its original understory status, it was probably
little damaged by a first herbicide application. There is some evidence
that it was damaged more in the higher summit areas, a situation similar.
to that of Ceriogs on Thanh-An Island. In some cases this may have been
due to the fern's uncovered position on some of these sites in the pre-
spray forest. |

Similarly, we can say little about the role,of Acrostichum in

mangrove succegsion, It does appear, however, that because it grows only

on higher sites, the fern should not interfere with (or aid) recolonization

by lower elevation mangroves such as Rhizophora,
The Azima/Wedelia/Pluchea asgociation is almost entirely restricted

to elevated stream banks. It does not nommally ococur on inland sites of
comparable elevation. On Thanh-An Island, however, a few small patches of

Azima and Wedella were observed on the high, appasrently artificial ridges

to which we referred earller. We have not looked at this association
enough to be able to say anything about its probable role in the pre-gpray
forest, With respect to herbicide sensitivity, we can only say that, like
Acrostichum, it does persist in zones that have been sprayed at least |

twice., We have not seen any alr-photo evidence of colonization by new

-plants or c¢lumps of Azima or Wedella since January 1971.

Paspalum and other grasses and sedges also tend to favor stieam-~bank

16.
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sites, although they occupy substantially broader zones than Azima

and Wedelia.‘APaspalum patches are rather limited on Thunh-An Island. In

the middle Rung-Sat they become more-extensive, and in the upper Rung-Sat

herbaceous :vegetation has covered a large portion of the bare soil areas.

- Paspalum appearS‘to_haVe lower elevational limits that may restrict its

invasion in%o the extensive depressed areas around the headwaters of

streams., In addition, its invasion of high, dry areas undoubtedly will

~ be slow. waever,‘%hérefis'air~photo evidence of considerable colonization

by Paspalum on favo#éblé;sites in the middle Rung-Sat since Jamuary 1971.
Effects of Paqgaluwfong&éngrqve succession (filtering of seedlings, etec.)
probably can be evaluéteé}better on the ground than from air photos at

this stage, and such obser&étions hiave been summarized by others.

- “EFFECTS OF WOODCUTTERS

. In most areas of the Rung-Sat that we have observed on air photos,

‘7aalvage Qf.dead trees’ha5‘§Eén~qgite complete. In a few locations, however,

RN

notablyrélong the Song~naﬁggiranh, extensive areas of standing dead trees
still exist., ‘Perhaps th:i.s iai'f}i%i:}.ng to poor security. We did note that
mach oﬁ the. debriy xdthgﬁiﬁégn sgghding trees) evident on the January
1971 photography-%as g£$¢g¥§e§g removed, elther by woodeutters or the

tides. We have no basia;fbfffemhrking on possible effects of salvage

activities on elther regeneration or erosion.

.

... SOIL RELATIONSHIPS

~ Small-sized aoi;-aa@ples“weré taken in the lower and middle Rung-

1 gat as en acttvitx.bf'é&cpnﬂary~im@ortance. Because we had little bime

I':_'f: )

.
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in the field, primary attention was given to identifying vegetation
species and locating them on air photos. Consequently, an insufficient
number of samples was available for a statistically sound study or for
more than a rough idea of relationships. Soils were given engineering
tests for specific gravity, grain size distribution by hydrometer analysis,
and Atterberg Limits. These were performed on baked specimens. Summaries
of the results of these tests are shown in Figures 2 through 5.

Oven drying at port of entry into the United States affected the
results so that liquid limits and plasticity indices have been lowered
appreciably, especially the plastlcity indices. Specific gravities were
generally low (around 2,2), and this caused grain size curves to shift
upward toward a finer gra.. distribution. All samples were treated
equally, however, and relative relationships should still be intact.
Plasticity indices ranged from 4 to 22 and liquid limits ranged from
L8 to 82.

On the basis of the Unified Soil Classification System, all of the
samples are classified as OH, organic clay and silt of medium to high
plasticity, meaning they are plastic over a wide range of molsture
contents. They are highly compressible and Lhey are practically impervious.

The sites having the highest sand content and being the most coarse-
grained are along the shore of Thanh-An Island, closest to the sea, Marine
deposition of silt and sand appears to be jresent'on the seaward portion of
the Rung~Sat.

7 Distribution of solls in this river delta environment is random.
The flowing water sorted pﬁrticlea by size, but deposition ués_random as

stream courses meandered from side to side and channels were cut off and

18 -
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changed. Thus, original soil profiles were different from place to place
and bore little relation to present topography.

Data from two samples (U6 and 27) indicated that the texture of the
highest spots was relatively fine and may have resulted frym the loss of
the more erosive silt-size particles. Intermediate and lower elevations
were both coarse-grained (more silt)--such as samples 24, 25, 29, and 33--
and fine-grained (more clay)--such as samples 26, 16, 38, and 48. This
indicates that the vegetation of the area is more dependent on topographic
position or some other factor than on the soil properties tested for here,

which were texture, plasticity, and compressibility.

 EFFECTS OF SIRAYIIG ON SOIL BROSIOK
The question ot the extent §f acc&lerate& soil erosion cah belf
-.anéwered only in a ganeral mannea. The ansuers are . baa&d on ground Qba@r'
vet:ions of axpos&d mota aml on a.patm arrngmn%s and - wnes of mamea
on n_ir 'photo-s-‘_.- Ko _dix_\.cbm?a_.‘s\_;mmmﬁ of eros;i;m was p@suible gm aix_' phiotos,
Cand «'smﬁlisxe wfzparimia &ou}.dnot be made 'rhéeé’u'%‘:e ei’ the fiiiés{ia ezhi:ig@
in the ‘water/land bounaary umught about\. by t.he tidﬁl e;cle. 8 vertical
"dismc&ofaboutSm.‘ _ ‘ S ,
| Ground. ousemnm on !‘hanh-ﬂn Islxmﬂ mwea ol cable oot syateas,

. Vuhiah were onee tmried. How exzmsed about 4 in, on liw inlami tidul flats, :

and Ceriops stmps with !:he bottw sides of mme--buxied. ¥oots now elev&t&d
. ahmn. 1 {n. on hmh, dry, sel&m-vm.eﬂ areas, Gmss tmﬁaps were obu.ewed
- on eolusms abouh b 1a. abows t.i:e mmundma, bare soil, . %éntx mzaps

e 'vere charaeterized by ria)g-mpﬂi mumis uf sail, builb up um\.nd the

o roots, t!;nt vere obvious Wti._qf'l pmvinua sodl hvgl,, lwl;l in place
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by the Phoenix roots. These are the most positive evidences of accelerated
erosion.

The extensive inland tidal flats at the headwaters of many streams
have been cited as evidence of accelerated erosion caused by the ;praying.
In studying sejuential photography, however, we have observed that these
same Lidal areus were present >rior to spraying. They are less proncunced
or. the pre-spray photography simply because much of their upper reaches
was covered with vegetation, which was mostly removed by spraying. In an
atiempt to assess any change in the size of these areas since spraying, we
compared 1966 photography (in areas wlxefe the _h*ees already had been

| dastm:{eﬁ by herbicide application) with c@varég@ Qf'laﬁe;* dates. I& soon
baeane apparent that. tide level er.\.umlly affects the apparent extent oi
| j_v-i‘i‘.h@ gissal flat.,, waking - rigomus evaluations 02‘ wall changes virtually

o impos-sibla. Eiawever, the generel ~§‘am and,exben;'ei’ theae (lats appear '

P b iaes spes e

to have remained substantially unchanged, As indicated eavlier, there has

. been some {probably @e@el@mt@d} sheet erosion that has lowered the over-

PP

‘ _-3311 surfate 1o awe extent, but evidently there has Been ro xmrkébl@' .
. marease in ﬁ@a@uam embi@n ef the iﬁl&nd t.idal areas, 'ﬁﬁs is supgarte& |
‘ by & i’w gmmud obzervations ia sx.ch amg, iﬂ whim“a um moﬁs: of tme

atusps atr the ;)@ng_mgri@:sor t&;@'mats are exposed ouu slightly or mt at

all.

| | e mwimdo m“ erogion mmauotmy varies wi*h leéatim; as.a

mmbion N‘ 1#5\7!121"31 factors, inaluﬂi.ng soil testure (aﬁre erosion cocurs in

ereas vith a highey prbpwtion of ant 2.8y le 2';). ele\mtmn, distmce.
" Cinland (less erosion occurs in ama Farthey inland, e.g., sagple hl), and

S o ;a-he asount of reaarinisg vegetation or vvggmuon resnunts.
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Another possible air-photo approach to the problem of erosion i:

e

the comparison of water turbidity in sprayed and unsprayed areas. The
evidence is limited and not too consistent. Examination of recent small-
scale color photography of the Rung-Sal does seemvto £ ow greater tur-

bidity in the channels of the sprayed western'portionlof the Rung-Sat

than in those of the unsprayed eastorn portioh. Of .course, we havg'ﬁo way -

of making guantitative estimates of erosion differences from tlhis infor- -

mation. In the Ca-Mau, on the other hand, no such differcnces wefé observed
between sprayed and unsprayed areas. Ilere aganu, thehﬁi&al stage is

probably quite important ir affecting iLhe u3ufulnessﬂpf this;pébhniquu. flf T 25
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