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Abstract

Twenty stands from 4 localities viz., Gharo. Dhabeji Shujaabad and Manghupir industrial
areas were sampled quantitatively and the soil samples from various stands were analysed physically
and chemically, Using dis-similarity matrix of species composition a thres-dimensional phyto-
sociological ordination was constructed.

The three-dimensional environmental ordination was constructed on the basis of integrated
response to various soil factors.  Thus the moisture gradient, calcicolous gradient and silt-clay gradient
served as the axes of the ordination.

The study of the spartial pattern of 10 important species in the phytosociological as well as
environmental ordination showed that no two species were identically distributed and each species
folluvad a mors or less continuous distribution pattern.

A three-dimensional species constellation was built in which continuous distribution of species
was apparent and clustering of species was not perceptible.

Introduction

The veeetation of southern Sind exhibits congiderable local variation and
a complex vegetational pattern in response to diverse topographic and edaphic fea-
tures. The vegetation of certain topographic situations like calcarious hills, sand
dunes and some sandy plains has been investigated (Qadir, ef o/, 1966; Shaukar &
Qadir, 1971 ; Shaukat, e/ al. 1976). However, the vegetation of plains, that cansii-
tute the major portion of the area, and which shows considerable iocal compositional
variation. has not been thoroughly invesfizated so as to build a comprehensive picture
of the vegetational pattern of southern Sind.

Four localities were sefected for the study viz., Dhabeji, Gharo, Shjuabad and
Monghupir where certain portions have been allocated for the establishmeni of in-
dustries. Due to industrial expansion natural commuunities are being taken over by
se.ni-natural or disturbad communities, but the sites away from the industr'al ar us
support pristing vagtation wihizh is amenable to ecological analysis. The later
investiga ions, aftsi the indusirial expansion, would presumably atlow a compar-ison
of the vasilation, eavironment and their interrelationships with the csologica! con-
ditions that prevail at present.

 This investization was undertaken with the following objectives in miad:i)
to invastigate the pattern of vegetational composition of the areas.,2) to study the
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ecological relationships among species, 3)to ascertain the relationship of the vegetational
pattern with the environmenta] complex, 4) to compare the behavior and efficiency
(in phytosociological context) of some ordination approaches using data collected
under actual field conditions of the selected localities. ’

Climate of the study area

The records of climatic conditions prevailing:in the-localities surveyed may be
derived from the meteorological station situated at Drigh Road, not more than 21
kilometers away from the various stands sampled. According to Koppen’s (1936}
system, the climate of the area belongs to the type BWh. The bio-climate of the
area, determined by Holdrige’s (1947) system, comes in the category of tropical desert
bush formation. The average annual rain fall is 19.68cm, out of which 15.64cm,
are received during monsoon period lasting from June to September. Summers are
quite hot; the hottest month being June with a mean monthly temperature of aboyt

36°%C. o

Winter season is very short, lasting from November to January. The coldest
month is January with an average monthly temperature of about'19°C. Relative
humidity in the area is-generally high. It is higher in summer than the winter. The
lowest relative humidity occurs.in January (35 },} and highest in September (75%).
Strong winds are a characteristic feature of this region. >

Geology and geography of the area

Dhabeji-Gharo-Shujaabad  Area: The area covered approximately 25500
hectares, lying on the north and south sides of the National Highway, between the
17th and 36th mile posts, east of Kavachi. Ttis bounded by limestone outcrops on the
north-eastern sides and by the Arab an sea and coas.al dunes on the soutaern side
while the intensely cultivated alluvial plains of the Ma.ir River iie close to'thé western
boundary. An account of the geology of the area is given by Siddiqui (1953). Tne
deposits overlying the upper pleistocene outwash gravels, and loca ly by recent sands.
The limestone in the noita are probably part of the Gaj series [aid down in the lower
Miocerie. At this time, the area was pait of a shailow in a warm sea, and was sub-
jected to intermittent uplifi. Sard, clay and sheli iimestone of Manchar series were
deposited in upper Migcene and lower Pigistocene, prior to complete marine recession,
In the fate pleistocene times, there was further uplift. Arid weathering and erosion
of the [imestone hiils to the nortn produced debris waich was transported by sporadic
streams and sheet flooding. The outwash sands and'gravels form the surface materia)
over most oi the area.

Monghupir.area: The vi lage of Monghupir is situated at about 16 kijometers
north of Karachi city. The outcrops in tue area are those of Nari formation which
belong to oligecene period; they are constituied by dmestone, sand stone or shale.

Methods
(o) Field merhods:

A reconnaissance study preceeded the sampling of vegetation. All samples
were located more or less subjectively. Criteria for the selection of a s and. were
adequate size (5 acres or more) of the sample area, visual homogesneity of vegetation
and physiogiaphy, and .ack of disturbance of vege ation (e.g. cutting, grazing or
browsing). Twenty s:ands whizh met itrese requirements were selected and samp.cd
during November, [973 to February, [%74.



APPROACHES IN ANALYSIS OF THE VEGETATION-ENVIRONMENTAL COMPLEX 33

The stands were sampled by point centered quarter method (Cotton &
Curtis, 1956). A complete presence list of rare species (those not encountered with
in the sampiing points) was prepared. 8oil depth was noted and soil collected at
three different sites in & stand. The three sub-samples of soils were pooled to obtain
a composite soil sample.

The identification of piants and their nomenclature was followed after Stewart
(1972).

Soil analysis

The composite soil samples were air-dried and passed through a 2mm sieve in
order to separate gravel. Tne portion finer than 2 mxm was used for physical and
chemizal determinations. The analysis of soil texture was carried out by pipette
method (USDA, 1951). Maximum water holding capacity (MWCH) was deter-
mined according t> the method described by Keen (1931). Humus content of soil
was measured by treating 10g oven dried soil with 10ml. of 309 H,0,; the loss
in weight represented the quantity of humus (USDA, 1951). Soil calcitim carbonate
was determined by treating 10g of soil with 109 HC! until the effervescence ceased;
the CaCl, thus formed was filtered and the Joss in weight gave the approximate
CaCQj4 content of soil {Qadir ef al, 1966). Soil pH was measured by CLL (Model
23A) g.ass electrode pH meter after preparing the samples according to Peech ef al
(1947). For the determination of exclangable phosplate the colorimetric method
of Fogg & Wilkinson (1958) was employed and exchangable pottassium and sodium
were evaluated by the flame-photometric methods outlined by Peech & English
(1944) and Burriel-Marti & Ramirez-Munoz (1957). Duplicate determination
were made on each composite soil sample.

Statistical Methods
(a) Phytosociological attributes:

Tae following analytic characters were calculated for each stand: the relative
and percentage frequency: density per acre and relative density: cover per acre and
rela‘ive coverage of cach species. Tne reative values for all the three measures
were combined by summation into a singe importance value index (IVI) following
the practice of Curtis & McIntosh (1951).

{b) Vegerational ordintion:

Veg:tational samples were arranged in a three-dimensional ordination accord-
ing to the method out ined by Bray & Curtis (1957) incorporating the modifications
described by B.als (1960, 19635). Tue ordination was based on simiiarity coefficinet
adduced by Caskanowski (1913). Out of the twenty stands sampled 6 were excluded
from the vezeta ional ordinaiic: study since they were associated with water-logged
and saline soiis and exhibited marshy flora which was remarkably distinct from that
of the rest of thie 14 stands. The total number of comparisons was $n(n—1)=91.
Each index value was subtiacted from a maximum of [00 to obtain an inverse vaiue
relative to the theoretical maxinmum. Tuese inverse values (dissimilarity values)
were used. to order s.ands along the X,Y and Z axes following the practice of Beals
(1965).
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(c) Species ordination:

The method adopted for the construction, of species ordination was that of
Gittins (1965), which is an R-type modification of the Bray & Curtis technique.
Only those species were choosen for thig ordination which ococurred in at Jeast 6 stands.
There were 19 species which met this criterion and provided an R-type gimilarity
matrix of {71 entries. The dissimilarity was ob‘ained by subtracting the simi‘arity
value from a theoreiical maximum of 100. The internal strycture of the matrix was
portrayed in a three-dinmyensicnal configuration in accordance with Beals (1965).
Stands of water-loggad sites were excluded from species ordination study for the
reasons adduced eariier.

(d) Environmental ordinarion:

For the establishment of an environmental ordination the method of Bray
& Curtis as modiled by T Monk (1965, 1966) was cmployed. The X axis posmon
of the stands were determined by their similarity in MWHC (%) and soil dépth.
The similarity in soil pH ad percenfage of calcium carbonate was measured to locate
the stand position.on Y axis while the Z axis location of stands was determined on
the basis of similarity in combined percantage of sift and clay.

“Thedata for ail the above mentioned edaphic variables were transformed into
relative values. This was accomplished by expiessing the data from each stand as a
percentage of the highest vafue that was found among the 20 stands surveyed. The
relative values were employed in the computation of' the coefficient of similarity.
Thus three separate matrices of simlarity were prepared, each consisting of j/2n
(n—1)==190 entries. The dissimilarity values were obtained, as mentioned. earlier.
Method of positioning of stands on the axes was based on Reals (1965). The X, ¥
and Z axes represented synthetic snoisture gradient, cawcicolous gradient and silt-
clay gradient respectively.

Results
(a) The vegetational characteristics:

The presence values given in the fitst column of Table [ indicate the number
of stands out of the total ol 20 in which each species ocourred. The second cof Amn,
is the arithmetic mean of the lmportdm@ value index (Cumk & MecIntosh, 1951)
for the species in those stands in which the sp-qus occurred. A high presence Lou’oled
with a high average LV.L mdwdtes that the species occurs in most of the stands and
is an important constituent in those stands in which it occurs.

Fifty-one specie$ were recorded from the entire study arca, of which thirty
were encountered among the samp.ia points whereas 21 spevies wore merely observed
and were presumably rare.  Most of the species were ol minor impor.ance as indicated
by average TVI and onl y six Euphorbia caducifolia, Prosopis cineraria, Commiphora
mg}mt Zizy p]zus numpnilaria. Grewia terax and fugoizza arabica were most Lorportant.
Six stands revealed a subs ant aliy distinct @ompomuou from the rest of the stands;

eing associated with water-logged and saline soil they were dominated by halophytic
piants like “Tamarix troupii, Cressa cretica and Aleuropus lagopoides. However,
other species like Pulicaria fivokeri, Artripléx griffithii, Cordia g/zamf’ Barleria acan-
thoides, Lycium depressum and lndzgofma oblongifolic were next in tmporiance.
Some specics ke Cupparis decidua, Acacia arabica, Panicum tucgidum. Heliotropiun
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No. of No. of

No. of
Species Presence  Average Maximum  stands stands stands
No. LvV.L LV.I, 1st 2nd 3rd
Stands Dominant Dominant Dominant
Zizyphus nummularia  (Burm.f)
Wight and Arn. 14 2333 65.57 — 2 1
Euphoribia caducifolia Haines 13 81.79 158.99 8 i
Prosopis cineraria (LY Druce 13 46.23 98.89 4 3 2
Commiphora  wightii  (Arnott)
Bhandari 13 31.61 59.15 — 4 2
Grewia tenax (Forssk.) Ehren. ex
Arch. 13 13.32 34.65 — — 1
Fagrnia arabica L. 12 15.16 44.26 - 1 1
Atriplex  griffithii  Maq. Var,
stocksii Boiss. 10 15.15 31.32 — — 1
Cordia gharaf (Forssk.) Ehren.
ex Asch, 9 16.51 23.98 —_— — -
Cassia holosericea Fresen, 9 13.23 65.24 e 1} —
Barleria acanthoides Vahi. 9 10.50 23.76 . —_ —
Aerua persica (Burm. f.) Merrill. 9 9.63 33.42 — _— 2
Pulicaria hookeri Jafri 8 11.30 30.50 —_ — 2
Lycium depressum Stocks 8 8.06 28.63 — — —
Indigofera oblongifolia Forssk. 7 4,88 10.29 — —_— —
Convolvulus glomeratus Choisy 6 11.41 26.60 — — i
Cressa cretica L. 5 21.61 84.95 1 1 —
Acacia nilotica (Linn.) Delile ssp.
astringens (Schumach and Thonn.)
Roberty 5 6.76 22.47 — — -
Cucumis prophetarum L., 5 5.60 .75 — —_ —
Heliotropium obhioglossum Boiss. 4 27.19 100.66 1 - —
Salvadora oleoides Dcne. 4 14.41 44.70 - — I
Aeluropus lagopoides (L.) Trin. ex
Thw. 4 14.11 50.66 i 2 —
Capparis decidua (Forssk.) Edgew. 4 12.05 19.72 —_ e o
Rhus mysurensis Heyne. ex Wight
and Arn. 4 3.34 391 — - —
Tamarix indica Willd. 3 139.54 254.27 2 — 1
Boerhaavia stellatus (Wight and
Arn.) Berhaut in Bill 3 415 5.60 —_— e e
Desmostachya bipinnata (L.) Stapf 2 8.35 10.28 — s —
Salsola baryosma (R. and S.)
Dandy 2 478 9.57 — — —
Panicum antidotale Retz. 2 4.02 7.09 — - —
Pentatropis spiralis (Forssk.) Dcne. 2 3.35 3.96 — e -
1 2.87 2.87 -— — —

Glossonema varians (Stocks) Bth.
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TABLE 2. Summary ofiabsolute phytosocielogical/data.

' ' /S;yeréige © Maximom Average ' Mle]L;mM
Species : < - cover per cover-per dénsity .. density
; [ © acre (sq. fr) acre~{sq. f1.) per acre " peracre
Euphorbia caducifolia Haines . 6978.71 16673.10 308.40 2279.61 ..
Tumarix indica Willd. 5316.38 6039.48 ' wITTL ., 2634757
Prosopis cinerarig (L.) Druce. o0 193892, 8136.56 Lo 25078 4519.74;,
Commiphora wightii (Arnott)) Bhandari 1134.14. 5998.83 . 169.58. 506.58
Zizyphus mimmelaria (Bura. 1) Wi ht . ‘ Wy
and Arn. . 1040.93, 1365.36 153.65 69597,
Salsola baryosma (R. and S.) Dandy. 956,89 1788 04 ~. 1476 . 2124
Lycium depressum Stocks. 513,61 1485.47 15548 1013.16,
Salvadora oleoides Dene. 483.21 1619.80 2440 8248
: . b Lol _ ,
Heliotropium ophioglossum Boiss. 467.42 184970 369.50 v1478,'0% :
E€apparis decidua (Forssk.) Edgew. = - 305.07! 708.38 47.24 - 7665
Aeluropus lagopoides (L) Trin. ex Thw.” 212,67 442,87 (71243 1458.53)
Panicum antidotale Retz. e 18578 310.66 © 82,48 v " 48 4%
Cassia holosericed Fresen.  ~ £ 13305 105159 160.15 969.96-
Pulicaria hookeri' Fafri " 118764 689.62 708 1 W 25328
Indigofera oblongifolia Forsk: T 108799 620.19 Bage S84’
Cordia gharif (Forssk.) Bheeti. ex Asc. © 1700 321.74 58.37 . 127.96
Aervd persica (Burm. .) Myl <t 102,07 495,75 Soetmy 23y
Grewia tenax (Forssk.)) Aschers and Co ’ ;
Schweinf, @0.36 263.12 8595 253.34
Cressa cretica L. . 79.22 256.55 9410 7" 309929
Acacia nilotica (Linn.} Delile ssp. astrin- \ o
gens (Schumach and Thonn.) Roberty. 64.67 156.14 ) 11.56 16.75,
Fagonia arabica L. 5293 30117 21081 154974
Barleria acanthoides Vahl. - 39,88, 203.64 s 353
Desmostachya bipinnata (L.) Stapl. 24.53 ©3536 ° 7 18555 ¢ 21780
Boerhaavia stellatus (Wight and Am) L , o ! s 4
Berhaut in Bill, 21.87 54,16 12.0%8 1532
Convolvilus glomeratus Choisy 17.30 3758, L1503 561,09
Atriplex  griffithii Moq. var. stocksil . ae
Boiss. 16.92 65.27 £)1.44 374.06
Cucumis prophetarum L. ’ 14.70 104.44 40.06 e 43.5¢
Rhus mysurensis Hevne. ex. Wight and K g
Arn. 3.48 7.29 13,61 =

Glossonema varians (Stocks) Bth. 1.71 1.71 +6.08
_Pentatropis spiralis (Forssk.) Dene. ' .19 291 R 50 I
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and Sulvadora olecides were not common. - It was observed that due to disturbance
number of abagxious plants, that aze nof the characteristic piants of the region, are
favoured, ¢.g. ;- Cassia holoserecia, Salsola baryosma, Aerva persica; Calotropis procera,
Prosopis julzﬂom wluch sonstitute jndicator pfants of disturbed condition.
[ 13 L ¥

«. . The only tree species, Prosopis cznemma is very abundant in the stufiy area,
It is also a climatic climax of arid rezions of Palisian. It often grows wherever
ample amount of soil hias been produced. According to Chaudhri (1952) it is a tree
having a very deep root system ; the shallow soil cannot provide a suitable substratum
to this plant. Among the tall shrubs, Euphortia caclucifolza is very conspicucus and
gives a characteristic physiognomy to the Vegetatlon since it {8 a succulent cactoid
upsurge and is represented with a hlgh LV.I. in non-saline soils. The next import-
anl shrub is Commiphora w:zlmt Itisa very xerophmc plant (at remains deciduous
for most part of the year) and in almost all the stands has high LV.I. Most common
climber i§ Pentotropis spiralis which is usually seen twining around the branches
of Euphorbia ca/l'umfolza, Commiphora wightii and Prosopis ciperaria. Similarly
Convolvulus g/omemfus is very often associated with Commiphora wightii.

(b) The vegetanonal ordination: ‘

Flg "1 shows the three-dimensional veaetauonaf ordination. Most of the
compositional variation was@accounted for by the Xand Y-axes whereas Z-ams con-
tained litt'e useful informatfon. The mechanical validity of the ordi-a‘ions was
checked i.e., it was determined that how” well the stand distance in the 3-dilnensional
space correspond with the values of &18 -similarity of the Q-type matrix which
showed %01 a random sample of 50 pairs of values a correlation coefficierit of 0.370
which i§ highly significant (PQO 01). ’I‘ms emarkable corre.ation clearly demons-
trates the tendencv for the ordmanon to approxmnate the actual veoctauonal simil-
arities.

’[‘he primary axis of the ordmatmn is largely determined by the proportions
of Euphprbia ca/z’aczfolza. Prosapzs cinefaria, Zizyphus nuimtlaria and Cmmzphora
wightii; the secondary axis is chiefly a-measure of the propoc.ion of Prosopis cinerari 2
Salva(loya oleoides, Pulicaria hookeri and Commiphora wightii, wherzas tertiary axis
is mqmly govemed by the propoition of Artiplex griffithii and Grewia tenax.

The behawour of species along phylasoczolowcal g;aclzentS'

Thc behaviourai patterns of -ten common perennials, as expressed by theis
1mportance values, ave represented separately on xywordmauon plane in Fig. 2.
Since Z-axis contained litt e ecological information owing to dlsrorlwn, the behaviour
of species along this axis is not presenied. ‘Euphorbia caducifolia is widely dist'buted
ard exiibits LY.L in all the s'andsexcept a {ew situated at the right side of X-axis
where it has 1eauvely less I VL Zizyphus mnnouidarie attains hizh imporiance
vaues at jow levels of X-axis md almost mediam positions of Y-axis. Prosopis
cineraria, thougn Wzde‘y distributed, exaibits higaer importance values at the upper
left portion of tne vegetational ordination’ ukemse, Commiiphora wightii is also wide-
spread but attains higher 1.V.L ar mecium pos tion on the Y-axis (with the exception
persica behave more or [ess indiferently in celation to the phytosociologicat ordina-
tion.

(c) Relationships between environmental variables apd stand composition:

Data on edaphic characteristics is presented. in Table 3. Among the various
physical and chentical meéasurements of soil only five variables namely »soil pH,
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of one stand) and behaves 1nd1fferent]y in relation to X-axis. Pulicaria hookeri
shows restricted distribution: and attains its Higher: importance values at medium
level of X-axis and high posmons on Y-axis;. Though Cressa cretica is widely dis-
tributed but attains prominence at the tower left-hand corner of the ordination.
Atriplex grzfﬁthzz is confined to the right-hand portion of the ordination and is com-
pletely absent in the left-side. Convolvilus glomeratus, Grewia tenax and Aerua

STAND ORDINATION

Fig. 1. The three-dimensional vegetational ordination.
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Frg. 2. The behavioural pauerni of [0 important perensials in the XY —plane of the vegetationa!

ordination.
Y. Huphorbia caducifolia.

3. Prosopis cineraria.
5. Pulicaria hookeri.
7. Atriplex griffithii;

9. Grewia tenax.

2. Zizvphus nummularia,

4, Commiphora wightii.

6. Fagonia arabica.

8. Convolvilues gloneratus.

10, Aerua persica.
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CaCOs3, soil depth, maximum water holding capacity and silt plus clay exhibited con-
sistent relationship with the vegetational composition when the edaphic variables
were related to vegetational ordination (Fig. 1). The stands in which Euphorbia
caducifolia is the leading dominant (stands 2,4, 5,6,9,13,18,19) most of which are
clustered together in the vegetational ordiration (Fig. 1) have soil pH from 6.8 to 7.2.
Stands of water-logged saline soils which are free from disturbance (stand | and 20)
show high soil pH viz. 8.2 and 8.6 but three other stands which have recently received
acidic industrial effluents from the nearby industries showed low pH inspite of halo-
phytic vegetation (with the exception of one stand). Soil calcium carbonate is usually
high in stands in which Prosopis cineraria, the climatic climax of the area, is the lead-
ing dominant (viz. stands 8,10 and 11); such stands are closely located in the vegeta-
tional ordination (Fig. 1). Stands in which Euphorbia caducifolia is the leading
dominant in general occur on soils that have moderate CaCOjz content (15.78 to
20.42% excluding stands 13 and 19 where CaCOj3 is relatively low). Stands of
water-logged saine Soils (not included in vegetational ordination) viz. stands 1,7,17
and 20 geaerally have low CaCO;3 content of soil (Table 3), Prosopis cineraria shows
high [.V.L on.deep soiis whercas Commniphora wightii attains prominence on shallow
soils. In general stands of water-logged sites were found to be associated with deep
soil (Tab.e 3). Other spe:ies did not exhibit definite response to changes in soil
depth. Stands in which pioneer species like Pulcaria hookeri, Fagonia arabica, Con-
volvulus glomeratus and Atriplex griffithii ave prominent (viz. stards 4,5,9,12,13 and
19) are usually associated with soil trar have low maximum water holding caracity;
among these stands 19, 13 and 12 are closely situated in the vege ational ordiration
(Fig. 1). In contrast, stands of water logged saline soils are found on soils that
possess high maximum water holding capacity (Table 3). The combined percentage
of silt and ciay exhibits simi ar relationship with stand composition as the maximum
water holding capacity since the latter is directly dependent upon the former.

(d) Species ordination:

Fig. 3 shows the orciration of 17 most abundant species. The distances of
species (represented by duts) in three dimensions and the corresponding dissimiliarty
values of the R-type matrix gave lor a random sample of 25 pairs a hizily significant
correlation (r==0.631, p £v.00}) iadicating that the ordination of specie very elegant-
Iy portrays the actual ecslogical relationships among the species. Tae ordination
used. Convolvulus glomeratus and Prosopis cinzraria as reference points for the con-
struction of primary axis. The former is a pioaeer speciss and the latier is the climatic
climax ol the region; consequently the primary axis represents a successional gradient.
Heliotropivm ophioglossum (a ciaracteristic plant of slightly disturbed vegetation)
and Fagonia arabia furnished the reference set for secondary axis. Whereas, Pu/j-
caria hookeri, a species of shallow calcarious soil and Capparis decidua, a plant that
occurs on sand. dunes, (or on deep s)iis) provided the ead poiats for the erection of
tertiary axis of the species ordination. Taoug: the distribution of species in the
ordination is essent'aily continnous yet a few som>what discrete clusters of species
are readily distinguishabie. Fagonia arabica, Lycium d:pressuin and Atriplex griffi-
thii for,n a group at the upper .niddie and upper left position of the XY-aad YZ-
plane respectively, but in the XZ-plane thes> specics. thouga closzly situated, are
mingied with other species. Cordia gharaf, Zizyphus numnularia and Grewia tenax,
waich are characteristic piants of re.atively fine textured soil of medium depth, are
sitnated in close vieiaity ia tue ordination at the central portion, middle-left, and
more or less middie position in the XY, YZ and XZ ordioation planes respectively.
Pulicaria hookeri and Barleria acanthoides. waica can withstand shallow soils, are
s tuated in close proximity in all the three ordination planes.
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Fig. 3. The three diniensiona! species ordination.

Ag. Awiplex griffithii. AP,  Aerva persica.

Ba, Barleria acanthoides Cd, Capparis decidua

Cg, Cordia gharaf, Cgl, Convolvulus glomerarus.
Ch, Cuassia holosericea. Cw, Commiphora wightii,

Ec, Euphorbia caducifolia. Fa, Fagonia arabica.

Gt, Grewia tenax. Ho, Heliotropium ophioglossum.
lo, Indigofera oblongifulia. 1.d,  Lycium depressum.

Pc, Prosopis cineraria. Ph.  Pulicaria hookeri.

Zn, Zizyphus numnularia,
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APPROACHYs IN ANALYSIS OF THE VEGETATION-ENVIRONMENTAL COMPLEX

(&) Envirormental ordination:

Fiz. 4 shows the ordination of 20 stands with respect to moisture regime
eradisnt (X-axis), calcizolous gradient (Y-axis) and silt-clay gradient (Z-axis). Tt
is apparent that most of the stands arc dispersed to the middle to right portion of the

Gy AN

rig. 4. The three-dimensional environmsnial ordination.
Moisture regime gradient. Y, Calcicoloas gradient,

Z, Sit-clay gradient.
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X-axis indicating that moderate moisture conditions prevail in such stands. Tt is
noteworthy.that stands 8,9,10 and 11 in'which Prosopis cineraria is dominant and con-
sequently represent climax vegetation occupy high. position on the moisture regime
gradient: Inthe XY-plane majority of stands fall in the upper half of the plane which
shows that most species constituting the vegetation are very calcicolous in ndture.
In general, stands in which Euphorbia caducifolia shares dominance with Commi-
phora wightii, Grewia tenax and Fagonia arabica (all of which are regarded as extremely
calcicolous species) e.g. stands 2,3,2,4,5,6 and 11 are located at medium to high posi-
tions on, the calcicolous gradient, in contrast to this, stands of water-logged and
saline conditions have low positions on the Y-axis, indicating that calcarious soi]
conditions are unfavourable to the growth and abundance of the constituent species
of such stands. On the silt-clay gradient (Z-axis), stands which have attained cli-
matic climax or physiographic climax tend to occupy high positions, whereas stands
that are in intermeadiate stages of succession generaily have low positions. Though
there are a few discrepencies from the afore-mentioned generalizations but these are
ascribable to certain kinds of mild disturbances e.g. grazing, cutting and trampling.

(F) The behaviour of species along environmental gradients:

The distributional patterns of the 10 important perennials is displayed in
Fig. S using four categories of I'V.I. with the aid of yarious circle-siges, in XY-XZ
and YZ-ordination,planes, separately for each species.. Grewia fenax is distributed
(with low I.V.L) at the. medium position on moisture and calcicolous gradients but
is.indifferent to silt-clay gradient. Likewise Fagonia arabica atiains prominence at
more or less middle part of the moisture and calcicolous gradients-and at low positions
on the silt-clay gradient. Tamarix indica exhibits higher 1.V.I. at high level of mois-
ture status and silt-clay gradient and low level of ca.cicolous condition. Commi-
phora wightii also attains high inportance values at somewhat middle position on
moisture regime gradient and middle to high positions onthe calcicolous gradient. The
behavioral pattern of Zizyphus nummularia is similar to that of Cominiphora wighti.
Heliotropium ophioglossun. shows high VI, at low position on moisture and silt-
clay gradient and at higa level of calcicolous gradient. Cressa cretica attains high
iimporiance valuesat high-positions on moisture and silt-clay gradients but is indiffer-
ent to calcicolous gradient. Prosopisicineraria exhibits prominence at high positions
on moisture regime and siit-c.ay gradients but behaves irreguiariy with respect to
calcicolous gradient. Euphoribia caducifolia, though widely distributed with mostly
high LV.L, atiains conspicuousness at somewhat medium positions on moisture
regime gradient but is indifferent to either gradients. Atriplex griffithii is mostly
distributed at medium levels ol moisture regime gradient, though with low L.V.1., and
behaves irregularly 0. tae other two gradients of the environmental ordination,

Discussion and Conclusions

The vegeation in the surveyed area exhibits local compositional variation
in Tesponse to diverse physiographic conditions. Two distinct physiographic situa-
tions were encountered—aamely sandy p.ains and water-logged sa.ine sites. These
differ cons.derabjy ia micro-reixf, soil-depth and certaia edaphic characteristics
reiated to moisture avaiability axd nutrient supply, and consequently represent dis-
tinct habitats. Tae vegetation of sandy piains is principally constituted by peren-
nial xerophytic shrubs like Euphorbia caducifolia, Prosopis cineraria Commiphora
wightii, Zizyphus nummularia, Fagonia arabica, Grewia tenax Atriplex griffithii and
H:liotropiusn ophioglossum. lIa contrast, the vegstation of water-logged saline
s.awds is chiefly composed of naiophytes like Tamarix indica, Aleuropus lagopoides,
C ressa cretica, Salvadora persica and Desmostachya bipinnata.
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Fig. 5. Distribation pattern of 10 important perennials in relation to environmental gradients,

Tamarix indica.

Crossa cretica,
Grewia tenax.
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The sub numbars a,b,c refer to Xy, xz and yz ordination planes.

Commipho. a wightii.

Zizyphus nummu’a ia.

2.
4.
6.
8.
10.

Fagonia arabica.
Luphcrebia caducifolia,
Heliotropium ophioglossum.
Prosopis cineraria,

Atriplex griffithii.



46 M OARMAD FT AL

Despite limi*ations in sampling technique the vegetational ordiration suc-
cessfully elucidated the pattern of vegetatioral compesition.  The spatal confi~ura-
tion of stands in the three-dimensivnal vegetatioral ordiration provided evidence
that most of the variation in vegstational composition is expressed by the primary
and seconda-y axis.  This suggests that the distribution pattern of vegetation In the
study area is predominately governed by two groups of re.ated enviconmental factors.
T is prediction of vegetational ordination was confirmed bv the environmental
ordiaion. Bxamination of behavioral pattern of species ir the flame-work of
environmental ordination cisslosed that the compositional variation is largely con-
trolied by the moisture rezinte and calcicolous gradients,

The fashion in w'ich stands scattered in both the vegetationa! and environ-
mental ordinations suggests tiat discrete communrities do not exist and had stands
been arranged in a dniar corti ~unm (e.g. Brown & Curtis, 1852: Christensen ¢/ @,
1959) many of the important re ationstips would not have been apparent. The
study of distribution pattern of species in the veyetatiorala~d eavironmental ordir a-
tions iﬁd.i;zftcs' that cach spedies [ as its own charactesistic pattern. different in spatial
a ea, location and the position of conspicucusness (in or'i ation) from cthers and no
two species are distributed alike. T1is confirms the indi.i lualis iz hypothesis which
has vatiously been attributed to Gleason (1917, 1926) and certain other ecologists
cf. Aleksandrova, 1973: Whit aker, 1973; Sobolev& Utskhia, 1973) an whic
comprises the crux of mmodern ecological theory and community analysis (McIntosh,
1975). With a few exceptiors, cacn species snowed an atm_spheric or part of an
atmosphetic distribution and iadicated a separate area of lccation. Moreover,
the di tcibution of each spedies is interspersed to varying degree with other species
resulting in a coutinuous ctange in composition trom one pait of the ordination to
any cther part, Thus the continvum patten ofveyeration as deseribed by the workers
of Wisconsin School (e.g. Curtis, 1959: Beals, 1965: Goff & Zzxdle~, 1968) is readilv
perceptible, and although it is predominately 2uribatable to muisture regine and
calcicolous gradients, is also in part due to nui.d ¢is wbance owing 10 oscasional
grazing, outting of bushes and trampiing. The continuum pattern of vegetation,
does not, however, preclude the possibility of the estabiishment of arbiirary com-
munity types (Becking, 1968; Writtaker. 1975). Nor are rapid or discre'e cranges
in ecaplic conditions, sdch as between sandy plains and water-logged saiine sites
inconsistent with the continuum concept (Melntosh, 1967).  Daubeamire ¢ 1966)
refuting the continuum concept, asses1s thal continuous variationin the distribution
of vegetation occur only in disrurbed arcas whereas well-detined. discrete eatities may
b: distinguished whete vegetation is in pristine condition. Future ecological studjes
will haveto be conducted in more or less dizturbed arcas, since prisiine areas are
dini is «ing owing Lo inuvreasding popwation pressure, urbanization and exploilation
of fand., Tnus, Wikum & Wai (1974) snvsest Lt the pa weons of vegetalion must
be recognized as they onist.

it has been consluded by Wailtaker & Gauch (1973) and Shaukat (1975)
that greater understanding of the vegetationa,-eaviconme wal da.a ma v be attainea
waen direct and indircet ordination techniques aye employed inconjunction wit .
cach otner. To fulfitt tne objectives of 1ae present investigation; therefoie, threy
different ordination approacaes—nanily vepelational emvironmer al and species
ordinations were emiployed. Each of taew, thouga serving a unique purposs, is
complemeantary to the others in gaining an insignt of tne unde.lying pattern in (oo
ve_eational-environmeial samples.
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The vegetational ordination (indirect gradient analysis) approach of the
Wiscoasin schoo! (Bray & Curtis, 1957; Loucks, 1962; Bea's, 1965; Shaukat & Qadir
1971) has certain advantages over the enwronmuta] oriination (direct gradient
aralysis). If environmenta! da a do not lerd themse'ves to direct cradient analysis,
in case environmental gradients are not reaculy apprehended or if additior al giadler;ts
are contemmpiated:beyond those uscd for environmental erdination, the vegetational
ordination then enables one more clearly to discern patterns of compositional varia-
tion. A vegerational ordination was, therefore, censtructed to overcome such diff-
culties. The vegetational ordination not only defined the pattern of vegetational
composition but also provided evxdence on the influence of the prevai.ing environ-
men‘al gradients when the species responses to environmenal varables were exa-
mined with reference to their dominance behaviour in the vegetational ordinarion.
Although, the apparent objectivity of vegetatioral ordiations is one of their central
features, the resuts from these tec}ﬁmques are sometimes not readily interpretabe.
Tva number of cases distortions have been noticed, particularly of higher axcs.
(Mclntesh, 1972; Gauch & Whittaker 1973; Whittaker & Gauch. 1972, Pemadasa
el al, 1974). In the present vegetational ordmation the tertiary axis did not yicld
interpretable information, plesumably owing to nonmonotenie nasnr: of species
distributions (Swan, 1970: Westman, 1971; Gauch & Whittaker, 1972). Further-
more, indirect gradient anaiyses are found to be disr uptwefy sensitive to beta diversity
{change per unit compositional gradient), thereby alleviating the pre“ictabitity of the
ordination (Gauch & Whittaker, 1972; Whit’aker & Gauch, 1973: Bratton, 1975).
Orloci (1974-) demonstrated that distortion in the vegetational orlisation may also
ococur when, the distance function is incompatiblé with the ordination geometry.
However, the semimetric distance measure employed in the present study automatic-
ally ircorporates - the doub.e standardization, when relative -lata is usad (cf, Au"‘txn
& Greic-Smith, 1968; Ausfm & Noy-Meir, 1972; Poole, 1974), and *as been showa
to yle[d better results in commparison to metric resembiance function. when em-

ployed in conjunction Wlth the multi-dimensional scaling technique of polar ordina-
tion (Bannister, 1968 ; Whittaker & Gauch 1973).

Although the compositional gradients are reflected on the vezetational ordina-
tion, the interrclationships among the different species encountered in the survey
can more profitably be appreciated from species ordinations. It is apparent from
the species ordination that Fagonia arabica, Lycium depressun and Atriplex griffithii
are more closely ecologically related to each other than to otner species, since they
mvamabiy occur as pioneer species in the successional sequence on sandy plains.
Ecologicai propinquity is ajso depicted among Cordia gharaf, Zizyphus nunvmularia
and Grewia tenax, which are characteristic plants of relaﬂvoly fine texiured soil ot
medivm depth.  Pulicaria hookeri and Barleria acanthoid2s waich caa withstand
shallow or rocky soil occur together m various planes of the species ordiaation.
Thus the proxiauty of species positions in the ordination ase solely governed by their
ecologieal affinity and S)swmatxc relationship of the taxa have no bearing on the
propinquity of spectes in the ordination planes.

The study of the re!ationship of environmntal variables with the stand com-
position disclosed that five edaphic charascteristics, namely pH, CaCOj, soil-depth,
maximum water holding capacity and mmbined percentage of silt and ciay have an
over-riding influence over other variables in controlling the distribution behaviour
of the major species.

The environment, however, acts upon the plant community as a whoie rather
thap in the form of units; comequently the components of the environment con-
sidered separately do not represent the holocoenotic nature of the environment (Cain,
1944). Tn addition, problems of factor selection, interaction, duration and linuting
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factors (Billings, 1952; Daubenmire, 1959) impose great limitations on the interpretati-
on of relationships between environmental variables and vegetational comiposition-
Billings (1952) suggested that the analysis of individual factors in relation to vegeta-
tion should be followed by a comprehensive synthesis of groups of related variables
that are known to have a significant b=aring on vegetational composition into factor
complexes. The response of various species to such factor complexes should then
be assessed, The paracticabiiity and significance of such a synthesis has been de-
monstrated by Loucks (1962), Monk (1965, 1966) and Lewin (1974). Synthetic
environmental models ailow multidimensional interpretation leading to results,
otherwise lost in single factor analysis.

The re'ated edaphic characteristics that exhibited distinct relationship with
the vegetational composition were employed in the construction of the environmenta]
ordination. The soil pH and the percentage of caicium carbenate upon which the
former greatly depends, together ‘determine the abundance of calcicolous plants of
of varied'degree. These two edaphic factors have been shown to have a consider-
able bearing on the pattern of compositional variation in arid or semi-arid regjong
(Qadir e al 1966, Ayyad & Ammar, 1974, Shaukat et a/, 1976) and were also found
to be markedly correlatcd with the vegetational ‘composition in the present study.
Thus, soil pH and percentage of CaCOj were integrated to yieid the calcicoloys
gracdient. The depih of soils and maximum water-holding capacity, which are ap.-
pieciably correlated with the vegetation type, represent the myisture status of the
stands. Within soils of a given texture, the depth of soil is of considerable signif-
cance, particuldrly in case of shallow soils (Wiide 1958). The greater the depth of
soil, greater 18 the hydric reserve. Whereas, maximum water-holding capacity
(MWHC) of soil is a hydro-physical property that not.only expresses moisture retain-
ing property of soil that determines the continuity of water supply but is also indj-
cative of the availability of moisture to the vegetation.  Consequently, soil d:pth
and MWHC were integrated to produge the mwoisture regime gradient. The: com-
bined percentage of silt and clay, taat represents the soil fertility (cf. Loucks, 1962)
furnished the siit-clay gradient as tne tertiary axis of the environmentaj ordination,

The use of ordinaiion techniques discloses the distributional relations .ips
among species. When environmenta; data are employed as the basis of determing
habitat similarity one can clkar.y define the environmental mosaic and the condi-
aons which favour a given species to attain its maximum importance. However, the
environmental ordination is not a literal representation of the enviconment i foro
but an approximation of a three principal dimensions of the environment. If more
environmenta! factors are employed (to whica tne species are responding) a more
complete picture of the ecosysiem would be forthcoming. '

The study leads to the conclusion that a better understanding of the ecology
of an area can only be achieved by making use of vegetational, eavironmentai and
species ordinations in conjunction with each other.
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