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ADDENDUM 

There is a new distribution record of S .m aritima 

on the marshes of the Kaferkuils River estuary , 

Riversdale District (Personal observation,1979). 

It is noteworthy that there is no mention of 

~.maritima in the survey which included the 

Kaferkuils estuary by Muir (1929). Furthermore, 

Phillips (1931) did not record ~.maritima in the 

Knysna and Keurbooms estuaries. Thi s additional 

information supports the theory of the spread of 

the distribution of S .maritima along the South African 

coast (Chapter 2.4). 

MUIR,J. 1929. The vegetation of the Riversdala area. 

Mem. Bot. Surv. S.Af r. II : 1- 82 . 

PHILLIPS,J.F.V. 1931. Forest -succession and ecology 

in the Knysna region. Mem. Bot. Surv. S .A fr. 14 

1-3 27. 



ABSTRACT 

The pr1mary production of Spar tina mari tima, the do minant ma crophyt e 

of th e intertidal salt marshes of tIle Swartk o ps estuary, was 

determined for inclusion into the proposed ecosyst em model, 

Sev e ral methods for measuring net production devised for North 

t~mp erat e Spartina speci es were used, as no single method was 

considered reliable for the local species. In addition , a new method 

was d evis ed to tak e into account the aseasonal g rowth behaviour of 

S. maritima . Most energy for growth appears to be directed into 

lea f production , rath er than shoo t gr6wth. Live n e t production 
-2 -1 valu es were 523-680 g m yr which are generally lowe r than estimat e , 

of N. Americ a n Spartina species. Total Liv e producti o n of 

S. maritima for the whole Swartkops estuary was 495,6 x I03 k g 

which is an estimation of potential food resources. 

-1 
yr 

Format ion of S. maritima d etr itus by decomposition was significantly 

related to air and water temperatures. Thus detritus production 
-2 -1 

show e d a wide seasonal variation abo ut a mean of 374 g m yr 

Th e total S. maritima detritus production of 307,5 x 103 kg for the 

wh ole Sw artk ops est uar y was det ermined as an estimate of available 

food r e sources. 

Export of detrital material from Spartina marshes to estuarine waters 

was negligible. Even during a maximal Equinoctial tide, only 
-2 

6,26 dry g m detritus was exported from the creek catchment area 

of Spartina stands. 

This study has shown that concepts evolved for North temperate 

estuaries should be carefully considered before bein g ap pli ed to 

lo cal sit uatio~ particularly in view of the relatively low, 

aseasonal production of ~. ma ritima and the negligible contribution 

of it s detritus to estuarine waters. Furthermore, it is essential 

that utilisation of primary production by secondary producers .be 

d e t e r mined before the function of the estuarine ecosystem may be 
und erstood. 
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CHAPTER 1 

GE NERAL INTRODUCTION 

1.1 INTRODUCTION 

Estuarine ecosystems have been called the most productive 

in the world (Odum, 1971), and they have been recognised 

as key conservation areas for their ecological, economical 

and aesthetic value . Research t owards a management plan 

for the conservat i on of the Swartkops estuary (Fig.l.l), 

has been undertaken by th e Zoology Department of the 

University of Port Elizabeth. Th e managemen t plan will 

be based on an ecosystem model which will tr ace the flow 

of energy through the p ri mary and secondary producers. 

In formation on the nature of the energy f l ow within the 

different components is collec ted separately for inclu~ion 

into the model. 

E&rlierstudies of the Swartkops estuary include an account 

of the general ecology (M acnae, 1957), the estuarine 

seaweeds (Pocock, 1955) and a comprehensive environmental 

st udy of the Swartkops basin (McCallum, 1972 a-g). More 

re cen t work of the University of Port Elizabeth ecosystem 

pro ject has been done o n est uarin e fish ( Marais, 1 976. 

Van der Hors t, 1976), meiofauna (Dye and Furstenberg, 197 8) 

and macrobenthos (M c La ch l an , 1972). 

secondary producers are in progress. 

Studies on other 

There 1S little information on the link between primary 

and se conda ry pr oduce r s in local es tu arie s. In Nor th 

temperat e regions, estuaries are said to function on a 

detritus-based foodweb (Darnell, 1967; Odum and d e la Cruz, 

1967; Odum, Zieman and He ald , 1972). There th e utilisation 

of livin g plant material is minimal a nd the major link 

betwee n primary and secondary production is via the 

detritus chain . On the Kowie River marshes, Alexander 

and Ewer (1969) found negligible graz ing on live plants 

by crabs. Personal observations on the Swartkop s marshes 

t e nd to s upport the id ea of minimal utilisation of live 

marsh plants by g raz ers . The paucity of inf o rmatio n on 
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local utilisation necessitated a broad appro a ch to the 

primary production studies includin g l)oth live and d~tritu s 

production. 

Macrophytes are considered to be the majar contributors 

to primary production in estuaries, supplemented by 

epibenthic micro-algae and to a lesser extent in shallow 

estuaries, phytoplankton (Teal and Kanwisher, 1961; 

Teal, 1962; Odum et £.1., 1972; Turner and Gosselink, 1975). 

The most dominant macrophyte on the salt marshes of the 

Swartkops estuary is Sparti~ maritima . . The genus 

Spartina has been widely studied (see Keefe, 1972; 

Turner, 1976 for reviews) and found to be one of the most 

productive higher plants 1n the world (Keefe, 1972). 

Its success in the stressed conditions of the estuarine 

intertidal has been attributed partly to its C
4 

photo­

synthetic pathway, high leaf area index and exploitation 

of the nutrient-rich tidal waters (Keefe, 1972; Odum and 

Fanning, 1973). 

~partina 1S not only an important producer, but plays a 

vital role in erosion control~ sediment trapping, breaking­

down of pollutants by oxidation, and f loo d buffering 

(L agna , 1975). Furthermore, by stabilising substrate 

and ameliorating cl'imatic conditions , Spartina communities 

provide a suitable habitat and refuge from predators for 

animal populations (Kraeuter and Wolf, 1974). 

It is important that the above-mentioned roles as well as 

the role of primary producer be evaluated when in cluding 

Spartina maritima as a component of the ecosystem . 
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1.2 OBJECTI V~S 

The basic a1m of the study was to provide informatioli 

about the rol e of S. _ Hlaritima as a primary p-:toducer in the 

Swartkops estuarine ecosystem. 

The inlportance of macrophyte production in an estuarine 

ecosystem a nd its contribution of particulate organic 

detritus to coastal waters ma y be understood by 

studying four main processes: plant production, 

de composi tion, export of detritus and utilisation of the 

detritus by consumers (Odum et aI., 1972). 

Thu s in terms of the r eq uir ements of the ecosystem project, 

the aims of this study were: 

1. to provide a background description of the Swartkops 

salt marshes. This was considered necessary for 

understanding the S. maritima community and function; 

2. to estimate the magnitude and nature of the source 

of net production byS. maritima, as a potential 

food resource; 

3. to investigate the rate of decay of !. maritima and 

detritus formation and to estimate its availability 

as a food source; 

4. to determine tidal transport (,f detritus from its 

so u rce of production on the marsh to aquatic consumers 

in the estuarine and coastal waters . 



CHAPTER 2 

DESCRIPTIO N AND DISTRIBUTION OF S. MARITIMA 

2.1 DESCRIPTION OF S. MARITIMA 

Sp ~rtina maritima is t he smallest European specie s , 

usually 15-50 em tall (Marchant, 1967), but in the 

Swartkops estuary this pl~nt achieves heights of 60cm 

5 

and even 80 cm. Fig . 2 .1 sh ows th e typical g rowth form 

of the . local plant. It grows in tufts of rigid shoots 

with strong roots and short, wiry rhizomes. Sec ondary 

tuft s grow close to the parent stock due to the shortness 

of the rhizomes. This emphasises the tufted appearance 

and makes it impossible to distinguish betw ee n individua' 

plants. The implications of this are dealt with later. 

Aerial shoots normally grow until flowering heads form 

(Marchant and Goodman, 1969). The tallest shoots bear 

the inflorescenses. Th e shoots are e r ect with tight, 

short sheaths . The l eaves are stiff and inrolled, 

makin s a v e ry acute angle with the stem. Very character-' 

istic is the shedding of l eaf blades, leaving only sheaths 

behind. Only ab out the three n ewes t lea ves are present 

au the majority of shoots at anyone time (Fig. 2.1). 

As a hal ophyte, Spartina maritima, is restricted to the 

intertidal mudflats of perennially ope n estuaries . It 

occurs as extensive swards at Swartkops, grow ing from 

about midway betw een the High Spring Tide l eve l and High 

Neap Tide levels down to about Mean Tide level. 

A conspicuous feature of S. maritima in the field and 

characteristic of other species of Spartina is the difference 

b etween the tall est , most robust plants bordering the water 

courses; the shorter, more spindly ones covering the major 

part of the marsh further inland of the water; and 

sometimes an extremely short stunted for m growing at the 

highest distribution limit s (Smalley, 1959; Teal, 1962; 

Stroud and Cooper, 1969; Keefe and Boynton, 1973; 

Nixon and Oviatt, 1973b). Initially all three of these 

height forms, "Tall", "M edium " and IIShor t ll Here sampled , 

but with further observation of the Spar tina stands, it 
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was decided that the Short forD oc~urred 1n such small 

p a tches as to b e considered negligible. Thus Short. form 

samp li ng was discontinued and gre J ter effort concentrated 

all the separa te treatment of the Tall , otr eamside shoo ts 

and the Medium h eig ht inland forms. 

2 .2 NOMENCLATURE 

There h as been confusio ll in the no menclat ur e used to 

descr ib e the sp ecies. S. mar i tima (Curti s) Fernald i s 

conspecific with .§. . ~ensis Nees (Mobberley, 1 956 ; 

Harchant, 1969; Dyer, 1976). The latter epithe t h as 

been used in So u th African literature in more r ecent 

years ( Mered ith, 1955; Da y, 1969; HcC allum, 1972d) in 

preferenc e to its ea rliest name of S . stri cta (Ait.) Roth 

u sed by Thiselton- Dyer (19 00 ) and Ma cnae (1 95 7) . 

According to Marcha n t (19 67) , th e name S . str ict a wa s until 

recently u se d 1n the li terature more widely than th e 

correct name, S. maritima. Brie fl y, he explains th a t th e 

reason for this was that f or more than a century the 

na me Spartina 2!ri c ta (A it . ) Ro th had been used to d esc ribe 

the coast a l mudfl at grass of West er n Europe. Aiton, in 

describing Dactylis stricta, in clude d references to 

Dactyli! cynosuroides , recognising t h at the Europ ean 

sp e cies described by the a uthor s was distinct from the 

Nor th American Dactylis c yn os uroid es . Curtis, hm:17ever, 

h a d come to the same con c lu ii on two years ea rlier. 

In 1787 he gave the name Dacty1is maritima to Dactylis 

cynosuroides and Spartum essexianum. Fernald noticed 

this earlier epithet and made th e new combin a tion 

Spa rtin a maritima in 191 6 . This name , Marchant (1967) 

states, onl y came into common use during the past 20 years. 

The confusion surrounding the synonomy led to further 

literature survey and speculation about the origins of 

the speci e s . 

.; 



2 .3 \WRLD DJSTRIBUTION.or S. l·i.\lUTIllA 

Fig. 2.2a shows the distribution of S. maritima from 

the East coast of England, around the Mediterranean Sea 

8 

and scattered down the coast of Africa. The distribution 

patter!") of the majority of other species of ~art~~ is 

mainly confined to North America (see Fernald, 19 29). 

2 .4 ORIGIN OF SPARTINA MARITIMA 

Chevalier (1923 in Marchant, 1967) theorised that 

S. ~.!:tim~ is indi genous to South Africa and North \Vest 

Africa and was introduced to"higher latitudes (Bri tain, 

Holland, Northern Europe) by shipping. Evidence for 

th e formulation of this idea was the more robust nature 

of th e Spanis h, Northern Mediterranean and Afr ican specimens. 

In suppert, Marchant (1967) states that the wide African 

distribution suggests a tr opical African origin for the 

species. He proposes that the Northern limits of 

distribution in Englan d are se t by J~ly temperatures of 

l 6 0 C , suggesting warm summer requirements for the spec ies. 

Furthermore, the retrogression of large stands of 

S. maritima 1n the past 100 years is the result of 

intolerance to recent climatic fluctuations in Britain. 

In contrast, the possibility of a Northern origin for 

S. maritima exists. Bews (1929) states that this plant 

was introduced to South Africa but unfortun atel y quotes 

no supporting evidence. 

An examination of the records in the herbarium of the 

Albany Museum (GRA) and the Bolus Herbarium (BOL) provide 

some evidence for a Northern origin. The earliest 

collection of th e plant was made by Ecklon and Zeyher 

(No. 662 in GRA) between 1823-1834 "along the strand 

of Algoa Bay by Port Elizabeth "and Cape Receife". 

The plant could have been introduced to the Port Elizabeth 

area by early settlers 1n the form of fodder for which 

it is still used ~oday 1n Britain (Ranwell, 1961). 

Subsequent collections were made from the Swartkops River 

mouth and salt marshes by MacOwen and Bolus (No. 791 in 

GRA) in 1887; Port Alfred west by Galpin (No. 7721 in GRA) 
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1n 1906 nnd LuJcritz Bay by P e arscp (No. 80~3 .n BOL) 1n 

1912 . lhis apparent sprLud in dist ribtl tio ll (sec map, 

Fig . 2.2b) could hav e been the re s ul t of a successful, 

exotic co loniser . 

The Southern origin theory can b~ disputed on several 

10 

points. There is strong evidence for a Northern Temperate 

origin for the whole genus of Spnrtina (Fernald , 1929). 

There are no records of other species or Spartina indigenous 

t o the Southern Hemisphere. Spar t ina was de l iberately 

introduced into New Zealand for stabilisation purposes 

(Be,",s , 1929) . 

Tropical origins for the genus and warm summer requ irements 

proposed by Marchant (1 967 ) are not supported by the 

fi ndin gs of Waisel (1 972) that Spartina species are co ld­

r equi rin g a n d growt h is s u cce ssf ul only in r eg i o n s wit h 

co ld winter temperatures. 

The use of apparent vigour of Tr opical s pe ci mens as the 

baiis for Chevalier ' s the ory could be opposed by the fac t 

of gre ate r success of exotics in an alien environment 

(Harper , 1977) . 

Rece s sion of abu ndant stands in Britain is the result of 

un successful competition agai nst the aggressive and 

hi ghly vigo rou s hybrid, S. townsendii (Hubbard, 1954; 

Hind e , 1954; Mobberley, 1 956 ). 'fhis theory is more 

acce ptable than the idea of cold intol e rance a nd rec ess ion 

f r om climatic changes . 

Liter ature d escri bin g th e Northern Eur o pean a nd British 

pl a nts stress the lack of vigour, poor seed production 

and in eff ective vegetative propag a tion, ,",h ich have led to 

its ra re and p a tchy distribution (Hubba r d, 1965 ; 

Marchant and Goo dman, 1969). 

By compar ision, the abun d an t meadows of S. mar itim a 

on the Swartkops ~stuary suggest the hi g hly successful 

colonis a tion of an alien environment by an exotic . 

The si gnif icance of S. maritima as an exo tic in the 

estuarine ecosystem wi ll be discussed . 



CI!!.PTER 3 

ENVIRONMENT OF THE SWARTKOPS ESTUARY 

A r&sum e follows of environmen t a l influences considered to be 

reJ,evant to this study. The nature of the Swartkops River and 

its environment has been treated comprehensively in the study 

edited by McCalluIT (1972a-g) in which the geology, meteorology, 

hydrology, hydr a ulics and ecology are described. 

3.1 CLIMATE 

The river val l ey is situated in the Southern temperat e 

zone (Lat. 33 0 58' S Long. 25 0 42 'E). The area is 

transitional between summer, winter and year-round 

rainfall regimes. On an average) rain is distributed 

throdghout most seasons , with slight peaks in spring and 

autumn. During the year of this study (1 977) , hcwever, 

this genera l pattern was masked by an exceptionally high 

winter rainfall, resulting in floods (Fig. 3.1). The 

river is perennial and comple te inundation of the flood 

plains occurs about every 25 years (McCallum, 19 72£). 

Temperatures are generally mild and frost is uncommon 

(Zwa rt kops Trust, 1971). Seasonal variation in air 

temperatures are shown in Fig . 3.2. The hottest month 

11 

is February which experienced an absolute maximum temper-

ature of 36 , 3 0 C in 1977. Relative humidity co rr esponds 

to temperature fluctuations with the average monthly 

reading at 82% in February of the same year. A large 

rise in temperature was experienced between November and 

December of 1976. Rapid decreases were apparent in 

March, April and June, with July being the coldest month. 

The absolute minimum temperature of 2 0 C was measured in 

Jun e of 1977. The lowest monthly relative humidity 

recorded was 68% in June and August, r eflecting the 

maritimal nature of th e area . Typical rapid rise in 

temperature was recorded in August and September, revealing 

the very short duration and mildness of winter. 



Fig. 3.1 Total monthly rainfall for i976/77 (~ ) and 
average monthly rainfall for 1937-1950 (0-0) for the 
Port Elizabeth region (P.E.Airport). 
Average monthly salinity of the Swartkops estuary 
~n the 'vicini ty of the Spartina stands (0--0) for 
1976/1977 collected by Zoology Dept., U.P.E. 

12 
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the Spartina stands for 1976/1977 collected by Zoology Dept.,U . P.E. 



3. 2 

Highest sola ~ ~adi ? lion i s g e ner~lly experienced in 

November, and dcC]-C a S8S aft e r ~arch (Tabl e 3.1) . Total 

radiation received at the ear thf s surface is inversely 

proportiona l to the cloud cover ~hereas diffuse radiation 

v a r ie s directly with cloud cover. Irr eg ul a r vari ations 

of cloud cover on SllccGssive days indicate the v ariabil it y 

of the weathe r , and large c h a n ges in cloud cove r are mo re 

likely in the SE Cape than anyw her e else in RSA 

(N cCa llum , lY72 g ). 

Evaporation r eadings for the Port Elizabeth Area a r e g1ve n 

in Table 3 . 1. The data co llect ed f rom Am e rican class "A" 

evaporation pans are eff ective in determining the effec t s 

of temperature, humidity, wind and solar r adiat ion on 

e v apo rati on. The results thus tend to correspond to th o 

seasonal variation s hown by temperature and radiation. 

Pig. 3 .3 s hows the an nual and monthly percentage fre quen cy 

o f winds classed into different velocity categories. Thi s 

clea rly shows th e prevalence of strong winds in th e spring 

morit hs and the relatively light winds during winter. 

Th e phenom e non of diurnal variation in wind veloci.t y with 

relative calm in th e morning and max i mum wi nd velocity i n 

the afternoon is typical of coastal regions . 

THE ES TUAR INE FEATURES 

Estua rin e con dition s extend from tIte river mouth to about 

17 km upstream, where a rise in terrain delimits the tidal 

influen ce . The estuarine channel is well-defined down 

to Swartkops Vill a ge. The river then widens, the bed 

material becomes progressively sandier towards th e mouth 

and the salt marsh e s reach their fullest development on 

either side of the main c h a nnel flowing betw e en Swartkops 

Village and Amsterdamhoek.(Fi gs .l.l and 3.4) Two large 

creeks , Tippers Creek and Modd~rspruit serve as major 

dr a ina ge channel s to each of the salt marshes. Fine 

material pr ec ipitates in the creeks and the N content of 

substrat e samples from the est uary increases up the creeks 

and upriver. Se e Table 3.2. 



TABLE 3.1 MONTHLY EVAPORATION AND RADI ATIO N OF THE PORT ELIZABETH REGION 

J F M A M J J A S 

Mean 
monthly 249 224 183 130 94 86 78 102 132 
evaporation (rom) 

l1ean 
monthly 
radiation 

- 2 -1 
(J m day ) 
AI! Ui'\\t~ X\08 

Earth's surface 0 , 248 0,255 0,194 0,141 0, III 0,094 0;105 0,131 0,168 

Diffuse radiation 0,094 0,068 0,059 0,046 0,030 0,030 0,030 0,042 0,067 

SOLAR RADIATION DATA 1957 - 1958 (McCALLUM, 1972 g) 

EVAPORATION DATA FROM AM ERICAN CLASS "A" EVAPORATION PANS 

° N D 

180 231 259 

0,214 0,258 0,253 

0,073 0,089 0,097 

1957-1961 (McCALLUI1, 1972g) 

>-' 

'" 
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Fig. 3.3 Percentage frequency of wind velocities within 
given limits for each month and the yea~ (P.E.Airport). 
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TAllL;; 3.2 

NITROGEN CONTENT OF SUBSTRATE FROM SWARTKOPS ESTUARY 

STATI ONS 

-1 
(mgNg 

SWARTKOPS UP TIPPERS 
MOUTH AMS TERD AMHO EK CREEK 

0,08 0,29 
dry substrate) 

0,5 1, 
0,86 
0,90 

MODDERSPRUIT SWARTKO PS REDHOUSE CAUSElVAY 

1, 36 0,54 0,36 0,16 (McLachlan, 1972) 

Incoming tides are able to overcome the impedance offered 

by the sand bar in the estuary mouth, but th e frictional 

resistance of the estuary mouth retards the ebb flow . 

The result 18 an elevation of mean water level throughout 

the estuary. Full tidal effects are felt near the 

esttiary mouth and it is only at th e brickfields (S ee Fig. 1 . 1) 

where attenuation of the tidal wave appears significant. 

Tidal range at the study sites measured at neap tide is 

about 0,6m and 1,4 m at spring tide (McCallum , 1972f). 

Estuarine temperatures are generally warmer than the warm 

temperate waters of Algoa 

seasonal variation (Fig. 

Bay , but follow a similar regular 

3 . 2) . Shallow waters tend to 

exhibit higher temperatures due to diminished tidal 

exchange. 

The salinity of the lower estuary is fairly stable 

(about 35%) due to the buffering action of the tides. 

Sporadic floods have the effect of l owering the salinity 

throughout the estuary appreciably for a few days. This 

is evident in Fig. 3.1 followini the floods in May, 1977. 

Measurements of nutrients such as total N, organic N, 

nitrate and total P in water samples taken at different 

stations along the length of the estuary vary greatly. 

Drastic fluctuations occur between monthly readings 



Fig. 3.4 
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The salt marshes of the Swartkops estuary. 
Sample sites shown are: the River Station (R); 
the Creek Station (C); Modderspruit Zonation Station . (M ) 
Littsrbag Site (L); Export Site on Tippers Creek (E). 



Hhich sho';! no se~!. son(-l1. pattern. T2bJ.c 3.3 GIves ~onthly 

results 0 ; the nutrient status of e s tua~i~e w~ter sampled 

near the stlJdy 2reas. These values are fa,r higher tl1an 

levels of 1~ and P compounds j.n Swartvlei, a relatively 

undisturbed Southern Cape estuary (Liptrct, 1978). 

The differences in Nand P leveJ. s between sam ples from 

Swartkops &nd Tippers Creek is clear but the aseasonal 

fluctuations are difficu l t to explain. The apparently 

random peaks in Nand P levels may reflect sewage and 

industrial effluent being discharged into the river above 

or being carried up the estuary by tidal waters from 

Algoa Bay. 

19 



TABLE 3 . 3 NUTRIENT CONCENTRATION (N AND P COMPOCNDS) IN SWAR TKOPS ESTUARINE WATERS 

DATA FROM FORT ELIZABETH MUN ICI PALITY 

TIPPERS CREEK 

Total N 416 520 826 837 794 3201 648 438 460 656 757 1006 

Organic N 355 453 598 807 460 2380 394 10 70 467 395 631 

NO - N 
3 56 36 198 13 37 778 207 223 295 181 252 290 

Total P 130 206 107 236 185 416 232 95,7 129 112 169 16 

ShlARTKOPS VILLAGE CHANNEL 

Total N 446 349 740 628 470 1943 769 537 423 669 473 364 

Organic N 401 271 676 544 7 784 281 6 106 413 344 310 

NO -N 3 42 26 36 6 38 894 409 234 219 182 125 43 

Total P 129 143 165 2470 109 150 158 42,7 105 118 148 177 

ALL UNITS IN pg 1-1 

'" o 
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ZONATION OF TIlE SWARTKOPS SALT MARSHES 

4 . 1 INTRODllCTION 

In order to provide quantitative background informati on 

to tIl e production study, a v egetation map of the SwartkopJ 

salt marshes ~ aA p l o tt ed and certain zonation characteristics 

were investigated. 

The main function of the vegetation map was to provide 

a means of me a suring the extent of the Swartkops salt 

marshes and the proportion covered by halophyte 

commun i t i es for production studies . Stroud a nd Cooper 

(1969), Gallagher (1 974) and Hatcher and Man (1 975 ) have 

~sed remote - sensing techniques for area determinations in 

marsh production ~tu dies. 

Boucher and Jarman (197 7) used ae ri al photographs to map 

marsh vege t ation aro und Lan gebaan Lagoon . Vegetation 

maps provide a u sefu l tool for s h owing distribution of 

communities in r elat i on t o each other and to topograp hi ca l 

fe a ture s, suc h as water cou rses. Chan ges in pl an t 

communi ti es and water co urs es may b e monitored by means 

of these map s. Th ey are particularly useful for 

assessing potential effects of human imp act on salt marsh e. 

and riv er banks. Distribution of som e 'invertebrate 

populations ap pear to coincide with certain plant 

communities (D. Baird, pers. comm) , thus th e vegetation 

map may prov e to b e a mean s of determining animal 

distributions a nd abundance as well. For the se reasons, 

a vegetation map provides essential b as i c information to 

an ecosystem study . 

It is stressed that th e investi gat ion of int e rtidal 

halophyte zo n es was primarily for descriptive purposes 

although speculation was made about factors c ausing 

zonation. Major cont r o lling agents of zonation of salt 

marshes, which show s i mi l a rity in taxon omic and 

phanerogamic s tru ct ur e in widely separated geog raphic 
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regions) have be e n e x ten s ively studied (ChapGan) 1974) 

lrom Cile literature surveyed (Clarlt2 and Hanllon 1967, 

1969, 1970; Nahall and Park, 1976a, 1976b, 1976c), it 

appeared that a study of zonation substrate characteristics 

and tidal inundation~ as a function of hci c ht above mean 

sea level, would provide the relevant background 

information for a better understanding of zonation. 

Knowledge of factors affecting zonation and the distribution 

of plant species is necessary information for the ecosyste ol 

project and the management plan. 

The cover-abundance and dry above- and belowground 

biomass of the plant species comprising the distinct 

vegetatio~ zones were measured. These provided 

quantitative data for the studies on fatlnal distribution 

related to plant zonation at Modderspruit (Fig. 3.4). 

It is possible for the relative importance of the different 

plant species to be assessed in terms of biomass units. 

METHODS 

Production of the vegetation ma~ 

Infra-red colour photographs were recommended for wetland 

ecological studies by Shima, Anderson and Carter (1976). A 

series of stereoscopic pairs of colour and colour infra­

red aerial photograph transparencies scanning the Swartkops 

basin (scale 1 7500) were used for photo-interpretation. 

The colour infra-red photographs proved to be better in 

terms of ease of interpretation and information gained. 

The distinct shades of red allowed the boundaries of 

individual plant communities to be distinguished rapidly 

and accurately. 

Photo-interpretation involved comparisons between 

communities observed in the field and communities 

disti nguished in the photographs. Systematic field 

confirloation was necessary at indistinct boundaries of 

mixed species associations but the pure-stand nature of 

halophytic vegetation made most identification simple. 
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Re la0.:.~g ~ond r~~~.!.~_me!~~~~._l~!. 

A site for floral and faunal ZOTlution studies was established 

on the narsh b"nY. of Moddcrspruil (Fig. 3 . 4). 

Distribution and height of plant species .relative to Sprill g 

J .()TT Tide levels were measured and drawn onto a contour map. 

A surveyar's level 'vas set up in the Lirnonietum Zone . 

Hater level was marked with stakes at the lowest limit 

reached by Sprinc Low Tide. Distance and ang l e 

measurements of transects were made at 10 em height 

intervals for mapping the area with contour lines. The 

boundaries of the plant zones were surveyed simi l arly &nd 

drawn on the contour map. tidal level measurements in 

the Swartkops Estuary (M c Callum, 197 2f ) showed Spring Lo w 

Tide levels at 0,25 m below Mean Sea Level. Hater level 

and con~ours were corrected accordingly to g ive heights 

relative to Mean Sea Level. Th e mean sea level used in 

the study is that adopted by the Trigonometrical Survey 

Office and based on the uverage of mean sea level s 

measured from 1897-1926 (McCallum, 1972f). 

MeaStlrement of substrate characteristics 

Pa r ticle size analysis 

Substrate samples ~ere taken from each plant zone at 

Modderspruit. Duplicate so il cores (25 cm deep) were 

collected and the soil thoroughly mixe d for r epresentative 

sampling. 

The procedure of mechanical analysis by wet sieving was 

followed (Morgan s , 1956). Data were proc esse d according 

to the me thods of Folk and Ward (1 957 ) on the recommendation 

of Field (1971) . 

Subsarnples of th e different size f ra c tions (Wentworth 

scale, see Horgans, 195b), sorted by wet sieving were 
a 

ovendried at 80 C for 24h, then ashed in a muff le f urnace 

at 450
0

C for 5h to determine organic content. 
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&ubstr~l ~ content 

Subsarupl e s of mixed soil cores ~: e r c treated as above f or 

organic: content . Nitrogen conte n t was analysed accoydin g 

to the standard micro-Kjeldah1 method (Hesse, 1971). 

All s a mpJ.es were dupli c ated and l"e]leated llntil the error 

was within 1% of the mean. 

Salinity measure ment was carried out on samples abllected 

at the same time at Low Spring Tide in winter when 

evaporation wa s ~inimal. Mud samples were collected in 

plastic bags from depths of 1-5 em and 25-30 em within 

the pl a nt zones . Centrifuging at 4000 rpm for 5 min 

yielded a drop of water, the salinity of which was 

measured by means of a refractometer. 

Measurement of biomass 

In December, duplicate quadrats (0,25 m
2

) were laid in a 

rough transect up to the Limonietum to sample pure stands 

of the emergent intertidal halophytes . Cover-abundance 

~yas es timated. All aerial shoots rooted ~ithin the 

quadrat were clipped with hand shears at ground level 

Samples were washed and oven dried (80°C for 72h) . 

S. maritima material was sorted into Live and Dead Material . 

Duplicate soil cores of 25 x 25 em x (root depth) were dug 

within the areas cleared by harvesting. Mud samples were 
2 

washed over a 1 mm mesh sieve to separate out the root 

material and oven-dried (80
0

C for 72h) before weighing. 

RESULTS 

Vegetation map of the Swartkops estuary 

In Fig. 4.1 the distinguishable plant communities are 

mapped. Four major zones or associations were 

recognisable the Zosteretum (pur e Zostera stand) ; 

the Spartinetum (pure Spartina stand); the Arthroenemetum-

Limonietum (mixed stand); (s ensu Haenae , 1957) as ,,,ell 

as pure stands of Triglochin bulbosum L. The conspicuous 

bright red colour reflected by Zostera and Triglochin 

could be due to the health and vigour of the plants or 

simply indicate the waterlogged nature of the mud surface. 
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Although ~]12 areas covere~ b y th 2 Tn l l G tr 0a~side Sp a rtin a 

shoots con:..:rasteJ. as a d a rker r e d against t1.c palc:::y colour. 

of the }Iedium height shoots occllr r ing further inland, the 

scale of this detail was too small for mapping purposes. 

Thu s bo t h height forms of Spar tina were classed as the 

Spartinetum. 

A comparison of the ve getatio n map (Fig. 4.1) with a map 

drawn 20 years ago (Macnae, 1957) shows that, apart fro[;] 

the lo ss of part of the salt marsh by the building of the 

National road, there has been very little change to the 

general st ru cture of th e salt marshes. Th e courses of 

minor drainage creeks have altered but this appears to be 

a manifestation of the naturally dynamic state of the marshes 

which ara subject to variable tides, sedimentation and 

floods. From observations in the field the gradual silting 

up of drainage creeks and the development of new canals 

following different courses, was noted. 

The effect of bait -d igging along the edge of ~. maritima 

sta nds is apparent from the bare ground betw een the 

~artin~ and Zostera b eds. Macnae (1957) warned about the 

effects of this practice 20 years ago but to no avail. 

Unfortunately his map is not detailed e nou gh for a 

comparison of fringing communities then and now. Field 

studies have shown that bait-digging in this area weakens 

th e frin gi ng belt of Spartina. 

Zonation of the salt marsh vegetation relative to mean 
sea level 

Fig. 4.2 shows a clear relation b etwee n plant species 

distribution and height above mean sea l evel. Species 

found along the transect from the water's edge in order 

of appearance were : 

Zostera capensis Setchell; S . maritima; Triglochin bulbosum 

h; Arthrocnemum perenne (Mill.) Moss ex Fourcade; 

Ch enolea diffusa Thunb.; 

O. Kuntze. 

and Lim onium linifolium (Linn.f.) 
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'IhC'.}:e is (] clear r(>]atioJ 's h :Lp bett!c.~~ n zone llei.~nt .s.t 

Ho d d e r s p 1: u it:,. n d n~ e a n s C it 1 (: V c ], \J i th e a c h Z 0 ned eli 111 i ted 

by clcv n tions as s~o11 as 10 cru. The extremely narr ow 

nature of the elevntioual distribution of salt marsh species 

Rnd distinct vebetati.on 3 1 c}lsnges occurring witllin 30 em 

and ev{,n about 2,5 cm have been found by Hinde (1954), 

Adams (1963) and Vogl (1966). A cllange in ground level 

of only 7 ern occurred between pure stallcis of two salt Dlarsh 

plants S D; t r tin a f 01 i 0 s a and -' ... ;....::..=--= 
(Maha ll and Park, 1976a). 

S A. 1. i C O.T n i a ~~ r gin i c a 

Similarly a distinct relation 

between zone heights and mean sea level was found by 

MacDonald (1970) at the Kowie estuary salt marshes. 

Although mean particle size of substrate samples from 

different plant ~ones did not vary and described all samples 

as fin n sand, there appeared a slight g rad ation from very 

little silt a nd clay in the lower ~partina z o ne to higher 

proportions of fine material in tIle upper zones. 

The slight increase in organic content in the 63?m particle 

size may indicate the level at which microbial activity 

in the soi l functions. In fact, Hanson and Wiehe (1977) 

fo und that 70% of microbial activity in detritus 1S 

associated with size particles of 14-180 pm. 

Substrate characteristics of the vegetation zones 

4.3.3.1 Particle size characteristics 

Particle-size cumulative curves used for determining 

statistical parameters were similar for al l samples (Fig. 4.3) 

The nature of the substrate in terms of mean particle size, 

sorting and frequency distribution, were determined graphical 1 

from reading selected per ce ntiles off the cumulative curves 

(Table 4, 1). 

Tbe graphic mean size characterises th e general nature of 

the substrate. Values for the different zones range 

betwe en phi-values of 2 , 22 and 2,63 indicating a generally 

fine sand structure. The standard deviation is a measure 

of sorting indicating the poorly sorted nature of 

substrate in all the zones except for both S. maritima 



forms , where tl1ere is mGdcrat~ sorting. 

CharoctprisBtion of a substrate sample by the mean and 

standard dev i atio n is unlikely to have any biological 
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meaning (Field, 1971) . Frequency distribution of particle 

size wa~ sub je cted to more vigorous measures. Incl usive 

Graph ic SkeHness, Skl' (sensu Folk and lVard, 1957) 1S a 

measure of overall skewn ess i.e . it determines asymmetry 

at the central part of the distribution and at the extreme . , 

and is i ndepe nd ent of the spread of the curve. The positive 

value of substrate sampl ed in the Tall S. maritima belt 

indicates only a !l tail" of fine gra ins. The distribution 

is nearly symmetrical about the mean according to th8 

value SkI = +0,0517) whi ch is clos e t o zero. Medium 

S. ma ritima substrate is sinli.larly almost symme trical , wi~ll 

SkI = - 0,02 1 3 . The n egative value, however, indicates a 

" ta il ll of coarse gralns. Substratos from the other zones 

also have a "t a il" of coarse grains and sho'H neg a tive 

sk e wness, particularly A. p e renne zone samples . These are 

v e ry n eg atively skeHed, Hith SkI m - 0,3878. Graphic 

k ur~ o sis, KG' i s a measur e of the rat io of the sorting 

in the extremes of the distribution, compared with that in 

the central part. It i s a more vi goro~s test of the 

normality of the distribution than SkI (Folk and War d, 1957 ) 

Substrates from both S. mari tima zones are classified as 

me sokurti c or having normal distribution. All other zones 

are plat ykurtic (=deficiently peaked) indicating that 

particle size is better sorted at the tails than in the 

central area. 

4.3.3.2 Contents of substrate of vegetation zo nes 

Differences in total organic content ex ist between 

substrates of the different plant species, Hith S. maritima 

zone having the l owest value of 4,22%. There is a 

tenden cy for the substrate of higher- occurt ing species to 

contain higher percentages of organic matter. The 

highest valu e of 8 ,19 % mea s ured in A. perenne soil is 

comparable to organics in the S. alterniflora stands at 

Rhode Island Sound, U.S.A., which ar e in the order of 

9,2-11,5 % ( Nixon and Oviatt , 1973b). 

• 
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Ashine of (jiffereJlt s i ze fraction !, o f soil. (~an tl7orth Scale, 

M01"gans, 1956) SJ10 ~ 0d similar p a tterns for al l ZOlle s 

(Tabl e 4 . 1 ). Or gan ic content dec reased wi th par t icle 

size, b ut s howed a sliaht iucrease at the 6 3 ~m grade. 

It appe n t' s that the larger particles of substrate from e a ch 

zone has the high est o r ganic content. 

Th e discrepancy between total organic cont e nt a nd th e sum 

of orcalli~s of the particle fractions may be explained by 

inefficient mixin g and subs ampli ng in th e analysis of tota l 

organ i c conterlt . 

So i l n itrogen levels did not correlat e with organ ic content 

as would be expected . Nixon and Oviat t (l 973b ) found a 

signif i.ca n t correlation b etween sediment o rganic cont en t 

and nitr ogen in salt marshes of Rhod e Island. Th ei r v a lues 

rang e d from 0,49% to 0,36% o r g-nic co ntent of sediment 

which are much lower than th e Swartkops fi g ur es . Hi g h 2r 

estimates in th e o rder of 1,54%-0,928% wer e obtained Ln 

s. alterniflo ra mar shes i n New Jers ey (Sq uiers and Good, 19 74) 

.J.l.i.omass. of the pl an t speC Les o f the sa ltma rs h zon ", s 

Samp les taken across the i n t e rtidal zo ne incl u de d: 

z. capensis; Tall and Medium ~. ma rit ima; T. bl\lbo su.~ 

A . perenne; c. diffusa and L. lini foli um (T a ble 4 . 2). 

P e rcentage errors o f duplicate sampl es wer e less than 20% . 

Results fo r Z. cap ens is are e xpres sed for whole plan ts . 

Aerial and below-surface dry biomas ses were given separately 

for the other sp ecies . 

Dry biomass of A . . perenne, C. diffu sa and L. linifolium 

were high e r than for S. mar itima, ~hich impli e s th at these 

plants may be more important that S. ma riti ma in t e rms of 

potential production. Their rol e as producers has n o t been 

considered by oth er authors, ma kin g comparisons in t e rnls 

of contribution to estuarine ecosyst ems dif fic ult. The 

greater part of the biomass of th ese other plants li es in 

woody st ems and li gnified tissue, which may imply slow 

g rowth and turnover . 



TABLE 4.1 CHARACTERISTICS OF SUBSTRATE IN I NTER TI DAL ZONES AT MODDERSPRUIT 

SUB STRATE CHARACTERISTICS 

Hean particle size (0 value) 
Standard devia tion 

Inclusive graph ic skewness (SkI) 

Graphic kurtosis (KG) 

Organic content(l) . 
of different 
particle size 
fractions (pm) 

1000 
500 
250 
125 

63 

Total organic content (I) 

Nitrogen content 
-1 

(mgN g . dry soil) 

Salinity at Depths 1 - 5 cm 
(10 ) 25 - 30 cm 

Tall 
S. maritima 

2 ,22 
± 0 ,92 

0,0517 

1,0691 

42,96 
12,61 

7 ,11 
2,13 
5,01• 

4 , 22 

2 , 2691 

35 ,S 
34 

SPECIES IN VEGETATION ZONES 

Medium 
S. ITa:.'': ti7I13. ----

2 ,4 6 
± 0 ,9 7 

-0,0213 

0, 9423 

39 , 52 ·: 
15 ,09 
10,34 

2,86 
4,66 

5,04 

0, 8865 

38 ,0 
36 

. -

T. bu1bosum -----

2,63 
± 1,04 

-0,2634 

0,8522 

36 , 21 
9,99 
7,3 7 
2, 76 
4,99 

4,37 

0 ,8882 

A ~ Dc.renne - ---
2,56 

+ 1,09 

- 0,3878 

0,7377 

2! ,47 
8,88 
·8 ,02 
[;.,15 
5,2 7 

8)19 

46,S 
46,5 

C. diffusa 

2,66 
+ 1,22 

-0,J.881 

0,7455 

47 ,42 
10,13 
12,97 

7,03 
8, 15 

7, 57 

0,8237 

70 
62 

L. linifolium 

2,21, 

± 1 'It.. , - . 

-0 , 2003 

0,7:03 

41,E 
10 ,02 
7,3~ 

.3,07 
7,0 /• 

7,45 

Co 
N 



TABLE 1 •. 2 

PLAKT SPECIES 

Tall S . maritima 
Live 

MediuP.i s. maritiP1a 
-Liv~ 

T. bulbosum 

A. perennc 

C. diffusa 

L . linifoliu!TI 

Ar.R T..AL -_._-
BI01,t~SS 

-2 
(dry g m ) 

592,32 (2%) 1 

97,70 (1%) 

500,80 (10%) 

92,14 (20%) 

210,0 (6%) 

1290,2 (19%) 

889,0 (9%) 

563,28 (8%) 

2139 ,44 

BELOIY 
SURFACE 
BIONASS 

-2 (dry g m ) 

5826 (4%) 

6303 (20%) 

1761 (11 %) 

22 9 (4%) 

579 (2%) 

38 (3%) 

(13%) 

IValucs in brackets indicate percentage error 

21Vhole plant 

33 

COVER 

(%) 

75 

65 

80 

90 

70 

50 
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Lllllke and Curtis (1977) l ~ €a s u red hc].cw surface biomas s of 

d~ff l! r(;nt aged stands of l oca l ~.:.~ ~-t.il.l a sFec: i (~s on t. h e b:.!. rd.::s 

of the Kowie River . YO"u!lg~ intermediate and mature stands 

showed similar aerial below surface ratios to the 

Swartkops stands . Below surface biomass of S. ~ a ritima 

was mucll hi.gher ttlan f{lr the othei species. This finding 

may explain the extremely high numbers of nematodes fOUJld 

by Furstenberg (pers. c.omm.) in Spar_tina substrate compare.c; 

to soil samples from tIle other zones. 

There are few studies on below surface biomass of salt marsh 

spe ~ ies (Mahall a nd Park, 19763), probably because of the 

laborious and tedious natllre of the work required. 

Valiela, Teal and Persson (1976) found seasonal variation 

in below surface biomass related to the growing season of 

the aerial parts . 

and S. patens were 

20 em respectively. 

Maximum biomass of S . alternif l ora 
2 - 2 

8450 g m and 8750 g m for depths of 

Comparisons are difficult in view of 

the difference in units used, as local species were sampled 

to depths of ,0 em. In addition~ aerial biomass borne 

by t ·he different species varies , and S. maritima in Swartkops 

does not show the marked seasonality of the other species. 

(see Chapter 5) . 

,.4 DISCUSSION AND CONCLUSIONS 

Fi el d observation during photo-interpretation led to 

speculation on the role of interspecific competition at 

higher levels. The clear differentiation between zones 

of pure stands near water courses becomes less marked at 

higher levels where zones are broadly classified according 

to their mixed nature the Arthrocnemetum and the 

Limonietum. On a lar ge scale, the vegetation map describes 

the findings of Pie lou and Routledge (1 976 ) that overlapping 

of upslope zones 1S th e result of interspecific competition, 

whereas distinct downslope zone"limits are set by the 

physiological tolerance for submersion in salt water. 

The highest soil nitrogen levels were measured in the Tall 

There is some controversy·over the theory 

of nitrogen as a limiting factor in salt marsh production 

studies,with Gosselink (1970), Valiela and Teal (1974) 
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anrl Steever) ~arren R~d Ki ering (1976 ) as proponents of 

t he theory. kanl'211 (1964) and Nendelssohn and ;·j:1 rcel l us 

(1970) discount the influ ~ ilcc of soil nitrogen 011 salt nlarsh 

plants. 

An important fact which is ignored in the literature 

dealin g with soil characteristics as primary factors 

governing zonation , 1 S that th e presence of the plants 

themselv e s ~. s as much a controlling factor of suhstrate 

charRcter as vice ::.~. Transplant a nd colon i sG.tion 

st u dies of S. ~:'J~ensis on the banks of the KOHi e River 

indi cated that sandy, dense soil in newl y colon is ed areas 

develop ed into l es s dense , sil ty soil in ma tu re st a nds of 

Spartina . These changes were accompan i ed by c h anges 1n 

other soil properties such as chloride, wa ter soltlble salts , 

pH and water-hold in g capacity ( Lub ke and Curtis , 1977) . 

A review of the literature SllOWS tha t th ere is di sagreeme nt 

over th e influence of di fferent factors on controlling 

zonation patterns . 

Ti de-elevation-salinity interacti o ns are propos ed as t h e 

major gove rni ng factors by Hinde (1954), Adams (1963) and 

Clarke an d Hannon (1967, 196 9 , 1970) , Chap man (1974), 

Mah a ll an d Park (197 6 b, 1976c), MacDonald (1970). In 

contrast, Lag na (197 5) r eviewed th e literature an d 

s tat e d that fact o rs other than tide-elev at ion are 

imp o rta n t, eg o aeration, s alinity, dr a i nage and s o il 

factor s . Clarke and Hannon' s (1967) zon~tion studies 

show e d that soil charact er s we re unimport an t and Mahall and 

Park (1 97 6c) con cl ud ed that soil aeration is not a 

det erm ining factor in zonation. Salinity was not found 

to be a major factor by Parrondo, Goss e link and Hopkinson 

(1978). Th ese disagre eme nts ar e unr easo nable in view of 

what Zedler (1977) so obviously states. He s tat es th at 

change in elevatio n brin gs about change in the environmental 

factors such as salinity, soil etc. Possibly th e best 

attitude i s shown by Chapman (1 938 ), Hho st ates that few 

envi ro nmental fa c tors act wholly ind e p e nd en tly of the others 

and that interpr e tation of studi es o f one or two factors 

must b e done with caution. Jud g ing by th e dis~gr eeme nt, 

his advice has be e n larg e ly i gnor e d . 
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MacDonal d (1970) mad e detailed studics of causal factors 

o f zo na tion at Kowie River and concluded that tide -clevRt:iun­

salinity playa ma jor role, althoueh comple x interactions 

of soil charac t ers are to be considered. 

The proximity of the Kowie estuary to the Swartkops, the 

simila riti es in zon a tion and the distinct relationship 

between zone heights and mean sea level on both marshes, 

allow conclusions 

for the Swartkops 

causal factors on 

to be extrapolated from the Kowie 

marsh . Ignoring soil properties as 

tautological grounds, the major controlling 

agents of zonation are proposed as tide-elevation-salinity 

factors at lower elevations, and competition between species 

at higher levels where stress caused by varying lengths 

of inundation is less. 
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CHAPTER 5 

BIO~ASS, COM~UNITY STRUCT1JRE AND GROWTH OF S. MARITIMA 

5.1 INTRODUCTION 

The dependence of the ecosystem on the prImary producer 

has been re-emphasised by Squiers and Good (1974). For 

the purpoRes of t1le Swartkops ecosystem project it \,]2S 

n ecessa r y to know the amount of potentially available food 

re~ources. Thus an estimate of the area of Swartkops 

Ralt ma rsh covered by, and the biomass of S. maritima was 

required . 

Primary production measures are generally based on temporal 

increases in biomass (s ee Chapter 6) . Thus seasonal 

sampling of bi omass thr ough the year was necessary . 

In addition to seasonal biomass and production , seasonal 

changes in composition are essential for understanding tlle 

physiologica l ecology of the species and the nutriti onal 

ecology of the system (Squiers and Good, 1974). 

Because of the lack of any information on the growth of 

S. ma.ritima) more detail e d studies on the seasonal be h aviour 

of the Svartkops community were made. The community 

strt]cture in terms of th e nu mbers of d iff e rent aged shoots 

was monitored for any seasonal changes. It vas hoped that 

this would provide a new means of measuring seasonal 

production (see Cha pt er 6) . 

Shoot mortali t y and leaf turnover may contribute 

significantly to estimates of primary production, making 

grow th monitoring of shoots essential for understanding 

the contribution of individuals to overall biomass and 

structure of the plant community (Hardisky and Reimold, 1977) . 
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5 . 2 :!ETIIOD S 

5.2.1 

5 . 2. 2 

Ar e a de t 2r mil1ation 

Th e veg e t a tio n map tr aced off infra-red ae r ia l photo g raphs 

was used for are a det&rminations ( see Fig. 4 . 1). The use 

of r emote sensing as a means of est i mating cover has been 

reviewed and investigated by Stroud an d Cooper (1969 ) and 

found t o be successful for relative ly pure stan ds of s n It 

marsh veg e tation, particularly ~. a lt ern i flora. The same 

method on the same spec i es yielded cover estimates of about 

0,5% e rro r in Nova Scot i a (Ha tche r and Mann, 1 975 ). 

All areas covered by ~. maritima on the map were defined 

and meas u red by planimet ry. The method of a dot-grid 

overlay was used to measure the total i nter tid al salt ma r sh 

a r ea outlined o n ortho-photographs ( McCallum, 1 9 7 2d) . 

Th e area occupied b y the S . ~ritima commun ity was express e d 

as a percentage o f t o t al .alt marsh area . 

Monitoring seasona l ch a n ges in Spartina bi o mass 

5 . 2.2.1 S i te selection 

Re pr ese nt ative sites f o r bi omass sampling and g rowth 

measurements of S. maritima were sel ecte d in the be s t 

d e veloped sa lt marsh es between Swartkops Village a nd 

Am ste rda mh oek ( see Fig. 1.1 and Macnae, 19 57) . lYithin 

th e extenSIve S. maritima stands, two areas were c hosen to 

repr esen t lo ca l variation (see Fig . 3.4). Th e River Station 

was es t ablished next to the main channel fo r aver age 

ri ver conditions while the Creek Station was chose n t o 

in c lude any loca l variati on as a result of diff e renc e s in 

hydrology and substrate between th e riv e r and creek 

environments (see Ch a pter 3.2). 

5.2.2.2 Samplin g by harvesting 

Sa mplin g was carri ed out eve ry month from Septemb e r 1976 to 

Janu a ry 1978 except when only one sampling col l e ction was 

made for th e Nove mber /D ec emb e r periods. An effort was 

made to coincide sampling time with Low Spring Tid e s o 

that tidal removal effects on d ea d bi oma ss we r e consistent. 
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Qu a drat size 
2 

of 0,25 m wa~ chos e n as the largest SIze 

possible for efficient harvesting. This size is ac c epted 

as stand ~ rd for grassland studies (Milner Dnd Hughes, 1970) 

The minimum number of samples required for statistically 

acceptable results was determined from initial harvesting 

trials. Three samples of each lleight-form yielded dry 

Live biomass estimates of less than 10% error, which is 

within the limits allowed for clip-plot studies by IB? 

standards (Milner and Hughes, 1970). After February, 

however, the number of samples was increased to narrow the 

margin of error as far as was practicable. Logistic 

limitations were imposed by the sheer bulk of the 20 

harvested samples which required almost 3 weeks of each month 

to collect and process. 

At b oth Stations, the quadrats were placed about 2 m apart 

transect across the Spar tina zone , starting at 

its lowest limit. The first five quadrats were laid in the 

fringing belt of Tall Spartina and the last five plots in 

the ~ore elevated Medium height form. 

Samples included all shoots rooted within the quadrat which 

were cut at ground l evel, as well as dead shoot material. 

In the laboratory, shoots were washed c le an of mud and 

sorted into Liv e and Dead components on the basis of 

green tissue. Dry biomass was determined after the sorted 

material 
o 

had been dried in a forced - air drying oven a t 

80 C for 48 h. 

of early samples . 

Higher temperatures resulted in ignition 

Thus 80 0 C was considered safer , a nd 

judged sufficient to stop all metabolic activity (Squiers 

and Good, 1974). 

The number of Liv e and Dead flo werlng c~lms was noted each 

month . 

Subsamples of dried Live and Dead material were ground 1n 

a mill for analysis of composition. 

Biomass results were expressed per square meter. Differences 

in biomass amongst Tall aud Medium S. maritima at each 
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5 . 2 . 4 
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SI: n ti ol1, 311d vari ut ioll 3mongst IDnntbly s rm ples during tlle 

year \:crc t ested for sigifi~ancn by Qcans of two- wa y 

analysis of variance (Bisll0P> 1.966). 

Analysis of seasonal composi~_~o~ __ cf Spartina 

Nitrogen content of dried, 8round sub -sa mples o f Live and 

Dead S. maritima was det ermined by the standard micro-Kjeldail 1 

method (Hesse, 1971). Results were expr essed as a 

percentage of one gram dry mass. 

Carb o n content was analysed on a Carbon Nitrogen Hydrogen 

Analyser by the South African Wool and Textile Research 

Institute. Results were expressed as a percentage of 

one gram dry mass. 

Organic content (-ash-fr ee content) were determined by 

ashing dry, ground material in a muffle furnace at 450°C 

for Sh. Samples were removed from the cooled furnace, 

dried in an oven at BOoC for 4h, then cooled in a ~esiccator, 

before ",eighing. Thls figure was then expressed as a 

percentage of the original dry mass. 

Potential energy content was measured a l l dry, ground 

samples by means of an adiabatic bomb calorimeter. 

were expressed DS joules per one gram dry mass. 

Result.s 

All analyses were done 1n duplicate or repeated until the 

error was within 1% of the mean for energy values and 5% 

for nitrogen and organic contents. Consecutive monthly 

values were averaged for seasonal estimates . 

!!.~sur~ment of seasonal changes in community structure 

From Decembe r 1 976 to November 19 77 , three out of the five 

dried, harvested samp l es of each of the Tall and Medium 

shoots collected at the River Station were processed . 

All individual shoots within ea~h sample were wei ghed an d 

the dry mass sorted into class sizes of 0,1 g int e rv als . 

Results for the three samp l es were averaged and expressed 

as percentage frequency for the whole sample. Th ese 

percentage frequencies for each size class were expressed 

as histograms. 



5 . 2 . 5 

5 . 2.6 

A dJ itioll ~ l J u ra oi) t~iIlC d ~y this me t l10d were d e nsity and 

meon individu a l sh o ot mass. 

25 -2 d . d ' 0) m was eterlDlne eaen 

Average number of shoots 

Jnonth from thr e e quadrats 

and express e d n s density per squc~e meter. Average: 

In 

mOl1tllly density divid e d into ('orrespondlng biomass val u e 

gave me an individual shoot mass . Thus seasonal chang e s 

if I density and mean individual shoot ma ss we r e monitored . 

De t erminClti o n of 'Fresh hei=-g=h:..:t,---,---=D.::ro..y,- ,~lass _relatio n~ 
S. rna rTtT;'!~3' shoo t s 

TI le height of fresh, \~ashe.d slloots was measur e d. Each 

s h o ot was then labelled and dried in a forced - ai r oven 

Th e dried shoots were cooled in a 

desiccator a nd then weighed. The d ata were f itt ed to a 

power curve b y the me th od of least squar e s re g r ess1 0n ~ 

Gr owt h of S. ma ritim a 

At both River and Creek Stati ons " 50 Tall and 5 0 Hed ium 

S. maritima sho ots were l abe lled with nuwbered in sulating 

t o. pe and a plastic tag tied t o th e b ase of the shoot. 

Shoots were s e l ec t e d as th e nearest to a nylon thread 

st retche d b etwee n two s take s , s o that a ran ge i n si z e wns 

obtained. From March 19 76 to January 19 78 , monthly 

r ead in gs of shoot hei g hts from tagged base lev el to 

gr owi n g ti p we r e tak e n. Numbers of n e w and old leave s 

pr esent each mon th we re counted and development and lo s s 

by abscission were monitored by numbering leaves with a 

felt -tip ped pen. 

L eaf mass of a range of Slzes was weighed as dry weight. 
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Th ese data were grouped into s i ze classes small; medium; 

l arge, according to the siz e of shoot from which they we r e 

t a ken; 0-0,19 g; 0,2 - 1,09 g; '1, 1 g respectively . 

dry mass for each size class wa s calculated . These mass es 

were mu ltipl ied by the ap pro pri a te frequency of shoots p e r 
2 

squ a re meter (data from Fig. 5A correc t e d for m ) for 

estimation o f leaf production. 

Los s of labels , t em p o rary covering of ta g s by a fine layer 
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of silt and los: of mark a r s take!; by hum An inte r f ere nc e 

were so reL. of th e proble ms en count ered . Gaps in data on 

the 200 marked shoots necessitat ? d the combination of River 

and Creek Station results for an average growth curve f or 

Tall shoots and an averag e in growth curve for Medium shoots. 

Initial development was monitored from young shoots vhich 

grew in close proximity to marked shoots, thus giving 

height for shoots of known age. 

A curve of heigllt against months of the year was plotte~ 

for the plants of known age. 7his curve was extrapolated 

by plotti ng heights recorded for the other shoots agains t 

the appropriate months of the year. In this way age in 

terms of year s was estimated for older shoots. These 

plotted points of height recorded in different months 

accounted for seasonality. 

T~ree possible types of growth curve exponential; 

symmetrical; and unsymmetrica l sigmoid curves, were fitted 

by the method of least sq ll ares regre ssion to the above 

plotted dat a . The BMDP 3R computer program for non-linear 

regression was used (Dieckman, 1978). Maximum heights of 

Tall and Medium shoots were used for the asymptotic 

heights respectively . Coefficients of determination were 

calculated for the curves. 

The three typ es of growth curve are described by the 

equations below. 

1. The Von B~rta1anffy growt h equation : 

where L
t 

is the l ength (=height) at time t 

L is the asymptotic lengih 
00 

k is the growth rate and 

of growth (Jones, 1976). 

t 
a 

(=height) 

is the time of initiation 



2. The logistic equation: 

N 
t 

N 
ma x 

1 
-a( t-t) 

+ e 0 

I': 
t 

is length ( =h eight)at tim e t 

N is the 
max 

t is equ a l 
o 

asymptotic l engt h (=h eieht) 
N to max or age at hal f the 

-2--

a i s the growth rate (Die c kman, 197 8). 

3. The Gompertz equ a tion: 

t 
Y = abc 

asymptotic 
length 
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wher e a is the asymptotic length (=h e ight) ,.,hcn t = "''' 

band c are obtained by linear esti ma tion ; 

estimates of c lie at O<c<l and of b at O<b<l 

(Riffenbergh, 1 959; Newman, 1969). 

Th ere is no a Erlorl r ea son for preferring anyone of t h ese 

equation s and t heir use is b es t assessed on their 

" goodness of fit " to the data (Jones, 1976) . 

5.3 RESULTS 

5 . 3 . 1 Area covered by S. maritima on th e Swartkops marshes 

Po ss ible error incurred from aeroplane tilt was minimal 

according to the tilt indi cat ion on th e aerial photographs. 

Topographic variation on the marsh was not greater than 

1,4 m by definition (spring tide range = 1,4 m) so that any 

inaccuracy as a result of the method of remote sensing 

i s negligible, apart from possible edg e distortion on the 

photographs. 

Total area covered by ~. marit ima 82,3275 ha 

Total area of inter tid a l salt marsh = 363,217 ha 

Thus S . maritima covers 22, 7% of the total int ertidal marsh. 



5.3 . 2 

5.3. 3 

S e ;i S on <11 c_~ a i1 f!~' s j ~~ __ S ~! ~ :l:.~~_ b i~~ 

Pe rcentage e rro~ o f dry biom ~ s ses [ or a ll sites rar e ly 

exceeded 10%, and none 

yielded rep r esentati v e 

exceed e d 16%. Thus sampling 

r e sult s according to IBP s tandards 

(Hilner and Hu g hes, 1970). 

Tall shoots sampled at the River St a tion show e d marked 

fluctuations in Live mat t er hut le s s variation in Dead 

rr.aterial ( Fig. 5.1) . A mo re consist e nt seasonal 
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pattern was shown by the samples from t h e other thr e e sites 

( Fig. 5.1 and Fig. 5.2). 

Two-way analysis of varia!lce sho"ed a significant di ffe renc e 

i n biomass between River samples of Tall and Medium forms, 

probability = 0,02, but insignifican t differences during 

the yea;: . Th e marked biomass fluctuations of the Tall 

shoots at the River Station appear to be at random. This 

mqy hav e masked any si gni fic ant seasonality of the Medium 

shoots in the two-way analysis of variance test. A 

one -way analysis o f variance was performed on the Medium 

form bi omass data and seasonal variation was found to b e 

significa n t , with probability = 0,05 . 

Tw o-way analysis of v a r iance on Creek Station biom a ss data 

s h owe d a h ighly significant difference between Tall and 

Hedium shoots , probability = 0,01. Variation due to 

seaso nal effects was signif i cant fo r both forms at t he 

Cr eek , prob abi lity = 0,05. 

Peak flowering season of !. maritima extended fro m No vemb er 

to March for b o th Tall and Medium s h oots (Fig. 5 . 3). 

Seaso nal composition of Spar t ina 

Th e composition of Li ve and Dead S . maritima in ter ms of 

p otenti a l ene r g y, nitr oge n content and ca rbon was a lmost 

constant through the year. Tendencies towards a s p r in g 

maximum become c lear with th e avera ging of mon thl y results 

into seasonal values (T ab le 5 .1). 



Fig. 5 • 1 

01 

(0 

"' <U 
E 
o ..... 

OJ 

Tr\LL 

600 

400 -

~'sr-. '-o--',n ' --'--01 ,,--~,--r, ~I-'I'~--TI-~ 
n ·d f m a m j J a son 

200 

son d 

1977 

fmamjjason 

1977 

L.ive ( Cl) end Dead (0) biomass of Tall and Medium 

S.maritima shoots at the River Station. From Septembe~19(6-

Februar~1977, points indicate the mean of 3 samples, and from 

March onwards, the mean of 5 samples. Vertical lines indicata 

two standard error units. 

Live biomass of Tall and Medium 

p = 0,02. Seasonal variation in 

shoots significantly different , 

Tall L.ive biomass not 

significant. Seasonal variation in Medium Live biomass 

significant, p = 0,05. 
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Fig.~. 2 Live (0) and (0) Dead b io mass of Tall and Medium 

S.maritima shoots at the Creek Station. From Septembs;1976 -

FebruarY,1977, points indicate the me.an of 3 samples, and from 

March onwards, the mean of 5 samples. Vertical lines indicate 

two standard error units. 

Li ve biomass of Tall and Medium shoots significantly different, 

p = 0,01. Seasonal diff e rence in both Tall and Medium shoots 

significant, p=0,05. 
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The c.ommunity stl'ucture in terms 1..1 f size and number o f Tall 

and Medlilm sh oots were simi.l a r arId st 3 yed almost COllstant 

throughout the ye a r (Fig. 5. 1,). Dist u rbanc e of the Tall 

community did not appear to affect structure. The 

po?ulations we r e stronely skewed with about 50% of the 

shoots l ess than 0,2 g (- 17,5 em in height ). The other 

half of the populations were spread in decreasing frequency 

[rom size classes 0,2 g up to 2,7 g. Tall S . maritima 

samples included larger shoots than the Medium samples. 

5.3 . 4.1 D en_sit:.x_~r:..'!..._mean shoot mass 

5.3.5 

5.3.6 

The variable nature of Tall data does not allow for easy 

i nterpretation of density data (Fig. 5 .5 ), possibly 

because of the random effects of human interferenc e. 

The Medium shoots show a marked drop in density in March, 

but increase. gradually towa rds spring 

Mean s h oot mass decreases after Harch 

Fresh height dry mass regression 

(Fig. 5.5) 

(F ig . 5 .6). 

Po x: cr curves fitted to data on fresh height to dry mass 

o f 

of 

individual shoots gave 
2 determination, r =0,95 

~le dium shoots (Fig. 5.7). 

~2:9~~ r a I< t h 

high values for the 

for Tall shoots and 

coefficient 
2 

r -0,91 for 

Fig. 5.8 and Fig. 5.9 show the curves of best fit, determin ed 

by least squares re gress10 n, for growth data on Tall and 

Medium shoots resp e ctively. They were the Von Bertalanffy 

and Gompertz grol<th curves respectively. The coefficient 

of determination, r2, was high for both growth curves 
2 2 

r -0 ,90 for Tall shoot growth and r -0,97 for Hedium shoot 

growth. 
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LIVE 

Poteatial en(-'.rgy c.onten t 
-1 

(J g dry ,"ass) 

Organic. content 

(% dry ,rass) 

Ni trogen con tent 

(% dry muss) 
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Fig. 5.5 Density of Tall (0) andf1edium (0) S • maritima 

shoots each month at th e River Stat i on. 
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An avera g e of one n ew leaf wns produced, and one dead le a f 

was lost by abscis sion per shoot each montll during the 

year . Ta ble 5.2 gives the mean leaf mass for S ilOOts of 

different sized shoots. Th e lo w percenta ge err o r of the 

means of pa ch shoot cla ss is about 10%, which indicates 

the unif o rm gr adin g. The classes are thus assumed to be 

equally representative. 

Table 5 .3 shol! s th e almost constant monthly leaf p rodu ction 

of Tall and Medium shoots through the year. Hi ghe r 

frequen c ies in the largest size c l asses explain the higher 

leaf production for Tall shoots in comparison with Medium 

sho o ts. 

5 . 4 DI SCUSSIOK AND CONCLUSIONS 

T~le results show that S. maritima covers nearly a quarte~ 

of the Swartkops intertidal region . The Swartkops 

estuarine salt marshes are considerably smaller than thos e 

at Langebaan, which cov er an area 

241 ha ar e S . maritima stands 

of 2172, ha of which 

( Ch ' . m~ ) r 1 s t '- e , ~ per s co mm . 

Th e size of these major South African es tu~ries is very 

small in comparis6n with those in North America (see 

Turner and Gosselink, 1975) . F or example, t he area of 

St . Louis Bay salt marshes in Mississippi is 2300 ha 

( Gabriel and de l a Cruz, 1974); Chinc oteague Bay marshes 

ar e about 9500 ho..(Keefe and Boynton , 1973) and in North 

Carolin a , Oak Island marshes extend 28550 ha. 

De ad Bio mass for a11 sites showed no seaaona l pattern, and 

very little variation. The effects o f tid a l re moval 

wer e consistent as samp l ing was carried out at the same 

phase of the tidal cycle each month. 

dr o~ even after the floods in May. 

Va lu es did not 

This suggests that 

most dead material rerniins on th e ma rs h and that the 

amount of De a d material present does not reflect the 

changes in Live Biomass . The nignificance of these 

phenomena will be discu sse d below. 



TABLE 5.2 MEAN DRY MASS OF LEAVES fRO~ DIFFER ENT SIZE SIIOOTS 

SHOOT SIZE CLASSES 

Small Medium Large 

(0-0,19 g) (0, 2- J. ,09 g) ( 1,10 g) 

Hean leaf mass 0,0102 0,0317 0,0564 
(dry g) 

Standanl deviation :t 0,0024 ±O,0141 :!:-0,0190 

Standard error 0,0008 0,0036 0,0055 

Percentage error 8% 11% 10% 

The significant seasonal variation in biomass throughout the 

year shows maximal summer b~omass except for the data on 

Tall shoots at the River Station (Fig. 5 .1 ). 
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TALL 

MEDIUM 

TABLE 5.3 MONTHLY AND ANNUAL LEAF PRODUCTION* FROM TALL AND MEDIUM S. MARITIMA SHOOTS AT THg RIVER STATIO 

SEE CLASS D J F M A 

Small 2,20 3,88 2,49 1,71 3,67 

Medium 8,88 23,24 12,68 11,79 17,75 

Large 22,11 36,32 41,28 34,29 42,64 

TOTAL 33,19 63,66 56,45 47,79 64,06 

Small 3,47 4,12 6,16 2,41 4,53 

Medium 24,6 28,4 24,22 22,44 21,05 

Large 14,66 13,08 20,53 11 ,51 10,38 

TOTAL 42 ,73 45,6 50,91 36,36 35,96 

;< Va l ues obtained by mUltip l ying mean mass 

. . 1 f h -2 approp r1at e S1ze casso soots m . 

M J J A S 

4,24 1,06 2,24 2,41 5,06 

22,95 6,21 12,93 12,05 11 ,41 

44,67 36,10 44,44 40,16 32,94 

71,86 43,37 59 , 61 54,62 49,41 

5,10 3,55 3,51 5,26 3,59 

22,44 25,99 23,97 26,25 22,82 

7 , 90 13,76 14,44 13,99 20,08 

35,44 43,30 41 , 92 45,50 46,49 

of eath size class by relative 

Units expressed as 

° N 

4,73 6,24 

14,71 17 ,50 

44,89 43,99 

64,3J 67,73 

6,49 1',57 

22,19 22,57 

17,82 18,72 

46,50 45,86 

frequency of 
-2 

dry g m . 

ANNUAL 

676,08 

516,5 
----

en 
OJ 



59 

TIle dis cont iIl uo us r J ~ tl!rC of t he ri ver -f r in g illg commlln it y , b ut 

more probably the disturbance of adjac e nt substr a te by 

repe~ted bait-clinging caused the aseasonal fluctuations . 

Trends from the other three sample s sug g est that biomass 

de cr e ases are related t o winter temperatures of the air 

and water, and lower radiation (Fi g . 3.2 and Tabl e J .l). 

The influence of dissolved nutrients, particularly 

nitrogen and phosphorus, as limiting factors to bionlass 

is impossible to assess du e to the apparently aseasonal 

fluctuation s through the y e ar (Table 3.3). Higher 

nitrogen content in the substrate of Tall S . maritima 

(see Table 4.1) may be a contributin g factor to hi g h biomass. 

Taking this further, the v e ry high values of nitrogen 

reported for the substrate in Tippers Creek (Table 3 . 2 

and McLa c hlan, 1972) should result in appreciably higher 

biomass values for Creek Station s a mpl e s co mpared to River 

samples. This is not so, necessitating a factor other 

than nitrogen levels in the substrate to explain the 

difference in biomass . 

Factors determining signi f icant diff e rences in biom a ss 

between Taller, greener streamside comnlunities and the 

shorter, less robust stands, inland of the water courses 

at higher elevations have been investigated fo r other 

species of Spa r tina. Because most production estimates 

in the literature are a function of biomass va l ues 

(see Chapter 6.1), it follows that production values also 

differ between the height forms. 

S. alte rnifl ora s hoot s of heights greater that 2 m near 

streamsides and only 20 em tall further inland a r e 

re cognised by Stalter and Batson (1969) as varieties, 

var. Jlabra and var. pilo sa . Mooring, Cooper and Seneca 

(1971) found evidence that environmental rather than 

genetical effects govern the height forms. 

Primary envi ronmental factors governing the ecophenes 

( sensu Mooring, Cooper and Seneca 1971), have been 

proposed as salinity and tidal h eight (Adams, 19 63) 

Phleger (1971) found growth and survival of ~. foliosa 

bett er in fresh wa t er. However, the studies of Parrando, 
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Gosseli.~ k nlld Hoplcinson (1978) indicate wide s al.inity 

toler ances for S. alte r niflora auJ S . cynosuroiJes. 

They also found that drainage is Ilo t a limiting factor 

Their fi .ndings are in contrast to the 

speculation by Chapman (1974) that better drainage immediatel y 

adjacent to creeks and water courses affords a more 

favourable substrate environment to plant communities. 

The question of salinity affectinc growth is further 

complicated by the facultative C4 photosynthetic pathway 1n 

S. foliosa whicl. operates according to changes in salinity. 

The C4 strategy and higher photosynthetic rates were 

observed at high salinities, suggesting that the plant can 

facultatively adapt to the stress of high salinities 

(Mallot, Davy, Jefferies a nd Hutton, 1975). 

When nutrients, particularly nitrogen, were applied topically 

to salt marshes, an increase in production was observed 

(Sul l iv an and Duiber, 1974; Valiela and Teal, 1974). 

Thus Valiela and Teal relate variation in height, colour 

and standing crop of ~ . alterniflo':.'.'. to nitrogen supplies, 

but not to phosphorus. Nutrient concentration of waters 

was hi gh near ma r shes of high biomass, and sediment nitrogen 

a nd pllosphorous and surface NH3 concentrations were 

significantly related to local variation in streamside 

plant communities of S. alterniflora (Nixon and Oviatt, 

1973a). 

Steever, WaH<-" . and l\\iert"'9 (1976) determined a very good 

stati s tical ly significant relationship between tid a l 

amplit~des and streamside biomass in different sites 

at Long Island Sound, with a correlation coefficient of 

0,96. All other factors, salinity, climate, edaphic , 

soluble nitrate, NH 3 and phosphate were similar. 

Obviously a point is reached where physical stress of 

higher tidal flux outweighs the benefits. Odum and 

Fanning (1973) a lso found strea~side biomass proportional 

to tidal ampl itud e. Maximal biomass occurred at an 

optimal tidal range with ranges too high or too low 

providing too great a stress. The two studies support 

Odum's (1969, 1971, 1975) theory that salt marshes are 

systems subsidised by the energy of the tides, and show 

that tidal energy is a significant factor affecting 



This ~ o r e than compensat e s for 

the other prevailing stresses of salinity and temperature 

fluctuatj .ons and inundation. 

The variable nutrient content of the Swartkops estuery 

and the lack of overall correlati6n between high biomass 

and substrate nitrogen, suggest that tidal subsidy may 

account for differences in ~. mari tima. height forms, with 

th& Tall st reamside -form subject to longer per iods of 

tidal inu ndation. Tidal attenuation in the narrow Cr eek 

may result in lower tidal subsidy and hence explain the 

lower overall biomass at the Creek Station. 

A comparison of biomasses of S . maritima in different 

localities and \'lith other species of .§partina_ is shown 

in Table 5.4. It appears that Swartkops plants have 
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greater biomass than at Kowie, where the stands occur only 

2S fringes 1,5 m wide. S. maritima biomass data from 

Langcbaan Lagoon is higher that for Swartkops, suggesting 

a more favourable environment , perhaps in terms of the 

nutiient supplies from the nutrient-rich Atlantic Ocean 

waters in the vicinity. 

Other species of Spartina are listed for academic interest 

only, as different growth forms render direct comparisons 

meaningless. For example, 

tall with densities of only 

local species (Fig. 5.5). 

S. alterniflora grows to 2 m 
- 2 

100-200 m compared to the 

Generally, S. alterniflora 

appears to have higher dry biomass than S. maritima in 

South Africa . S. patens and ~. townsendii estimates are 

closer t o those of th e local species. 

Geographic and local variation in North American species 

hav e been discussed cri ti cally (Keefe, 1972; Nixon and 

Oviatt, 1973a, 1973b; Hatcher and Mann, 1975; 

Gosselink, 1975; Turner, 1976)·. The general consensus 

is that biomass decreases with increasing latitude, and 

local variation is due to environmental parameters, such as 

nutrients and tidal range which are not yet fully understood. 

In view of their .inconclusive deductions , and the putative 

role of tidal subsidy in this study, the differences 



TABLE 5 . 4 BIOMASS OF SPECIES OF SPARTINA IN DIFFERENT LOCALITIES 

SPECIES 

S . ",aritima 

S. a1 ternif10ra 

S. patens 

S. cynosuroides 

S. to,"nsendii 

BIOMASS 
- 2 (dry g m ) 

293 - 656 

285-429 

402~1002 

259d320 

250-2100 

493 

1332 

1 290 

413 

300 

840 

580 

640 - 1296 

805 

1 456 

700-1060 

LOCALITY 

Swartkops estuary 

Kowie estuary 

Langebaan Lagoon 

N, Caro lina 

N, Carolina 

Maryland - Virgin ia 

Vi r ginia 

Georgia 

Delaware 

New Jersey ~ 

Rhode Island 

Nova Scotia 

N. Carolina 

Virginia 

Virginia 

S, Englarid 

SOURCE 

This study 

Lubke and Curtis (1977) 

Christie (pers, comm.) 

Stroud and Cooper (1969) 

Hilliams and Murdoch (1966) * 

Keefe and Boynton (19 7 3) 

Wass and Hright (1969) * 

Tea 1. (1962) 

Morgan (1961)-* 

Good (1965)-* 

Nixon and Oviatt (197 3a) 

Mann (1972 in Nixon a n d Oviatt, 1 9 73a) 

Waits (1967 in Keefe a nd Boynton, 1973) 

Wass and Hright (1969)~ 

Hass and Wright (1969)* 

ll.am,ell (1961) 

* in Turner ( 19 76) 

C'" 
N 
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b c:: tJ;.,T e en ~' c.i. l ] a:r:..d H:-.diun: cc opbencs :-'n d bet\!e en Cr e ek Gnd 

Ri ve r St ,':..t: l.ons, are tr e :1Led h e re si lply as local v [t ri at ion,j . 

Thus aver a g ing of 211 sampl.e hioQ2SSeS g iv e s a rcprEs~nra ti v c 

estimate of S. marl tl m ~ of SW 2 ]~tkops estuarine marshes . 

The numb e r of flowerin g culms appe a rs lo~ in terlns of 

square meters, but the gro wth habi.t of the grass (Fig. 2 . 1) 

makes it irnpossib J.e to distinguish the number of indiviriual 

plants in a unit area without traci,ng all [he interlinking 

rhizo mes. Thus the number of flowers per plant is not 

kno\vn. The summer flowering period reported here agrees 

with the flowering season in the Northern Hemisphere, frem 

June to No vember (Mobberley, 1956). 

Seasonal variation In potential energy, organic, nitrogen 

and carbon content of both Live and Dead material was 

minimal , though there was a slight incr e ase in energy and 

nItrogen content in both samples towards spring, when b i omass 

begins to show an increase. This may be related to the 

growth strat e gy of the plant in trans locating nutrients from 

roots to the stem . 

Th e accumulation of nitrogen in aerial parts of S. alterni flor 

early in the growing season lias been observed by Squiers 

and Good (1974) and Mendelssohn and Marcellus (1976). 

High values of 2,01% nitrogen per g dry mass dropped to 

0,6~% by mid growing season, indicating that early growth 

of S. alterniflora is accompanied by a much hi gher nitrogen 

content compared to S. maritima (see Tabl ·e 5.1). 

Slight increases in caloric content 1n Live and Dead 

material are evident in early spring, perhaps related to 

higher percentages of cellulose and hemicellulose, 

coinciding with biomass increases. No seasonal variation 

in calorific content~ based on ash-fr ee values, was 

obs e rved in S. alterniflora by ~quiers and Good (1974) 

Ash-free values of S. maritima did not vary seasonally, but 

were similar to S . alterni f lor~ estimates of lIZ of dry mass 

(Ud el l , Zarudsky, Doheny and Burkholde~ 1969; 

Good, 1974 ). 

Squiers and 

It is noteworthy that L ive material appears to be of 



slightly lligher nutritiollal status tha n Dead mater ial 1n 

terms o~ nitrogen, and potential energy contcn~ . This 

suggests t hat micr obial cerichmcnt of Dead material is not 

yet impo r tant. The slight seaso!lal change in co rnposi tic~ 

in both Live and Dead ma terial is prob ab ly o f little 

significance. Tllus mean figures 'were used in determining 

the quality of nut r itional resources available to consumers . 

Although a high proportion of young shoots W3S noted 111 

December 1976 in both Tall and Medium ecophenes, the 

"peak ll of youn g shoots did not appear to increase in size 

over a tim e period of 12 months . The constant structure 

of the S. maritima population-may be explained by the 

extremely slow growth of the shoots ( see Chapter 5.3.6) 
-1 

The growth rate of 0,00133 g mo n th of Medium sho o ts and 

0,00045 g month- l of Tall shoots is insufficient for the 

limits of the smallest size class (0-0,1 g) to be exceeded. 

Thus data on the structure remained constant as the 

Heohort" was being measured each time . 

Half the population 1S sma ll er than 0,2 g per sh oot . 

A possible explanation i s that avera ge size at death is 
+ - 0,2 g (m17,5 cm ) according to the height mass 

regression (see Chapter 5.3.5) . 

supported by marked shoot data. 

This interpretati.on is 

The averag e height of 

40 monitored shoots which died during the measuring period 

was 17,82 cm. 

Mortality of larger plants ()l,O g) is apparent from the 

Medium plant data (Fig. 5.4). The absence of a similar 

pattern in Tall shoot histograms may be due to disturbance 

effects ( see Chapter 5.3.2). Though percentage frequency 

of size classes remains nearly constant, the low es t 

frequency in terms of actual numbers, of th e smallest 

size class « 0,1 g) was recorded in April. The lowest 

number of developing shoots thu~ follows the end of the 

flowe_ring season (Fig. 5.3) . 
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Mortality of older shoots In Med~um stands from April to 

Jun e ( Fig. 5.5) is compensaLed for by increase in density 

as a result of y oung shoot growth. 

coincid e ~ith seasonal biomas s . 

Changes in density 

The incre a se in individual shoot ~ass towards spring may 

indicat~ the rIse in numbers of young shoots. Alternatively, 

the results may be interpreted simply as a direct function 

of biomass and density trends. 

The high coefficients of determination for the regressions 

allow reliabl e conversion of growth data in em to dry mass 

in grams. The difference in str\lcture between tile more 

robust Tall shoots and the Medium shoots only becomes 

noticeable at heights of 15 cm. After this height, Tall 

shoots hav e greater mass per unit height in cm. 

The curves for the two height forms were bas ed on data 

from marked shoots growing at the River and Creek Stations 

giving an average measure which takes local variation iuto 

account. 

The faint trend in seasonal fluctuation in grow th rate 

apparent in the raw plotted data is not shown by the 

growth curves. The seasonal tendency was too slight to be 

shown statistically. Also the growth curves are simply 

an approximation since it is usual to find seasonal 

variations in growth rate superimposed on the annual growth 

pattern (Jones, 1976). 

The curves may be criticised as being theoretical, but 

increment calculations, using raw data of height measurements 

indicated the same order of magnitude of growth rate. 

It must be stressed that shoot growth is not the some as 

plant growth. Individual plants may develop a number of 

shoots which all grow slowly. Thus whole plant growth is 

in fact far greater than culm growth rates given here, being 

the sum of its component culm growth. Unfortunately 

it is almost impossible to distinguish individual plants. 

Growth curves of Tall and Medium shoots are expressed 1n 

terms of height. Tall shoots have greater mass per unit 



hE:::i.3ht tlu"'. n Hedium shootn .:!t hr:.ig hts greate r tb .J l1 15 em 

(see Fig. 5.7). T11US growth rate in t~rm f of heigllt 

alld in terms of mas s increment, is slower in Tall shoots. 

Hot eve r , Tall shoots have higher le,,[ production than 

Medium shoots. The discrepaney in shoot gro\ l th may be 
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explained by this di fference in growth stategy. 

Alternatively) Medium plants iD 3 Y give rise to fewer shoots 

and thus arc able to concentrate more energy into fewer 

shoots. Lack of data on actuol plant numbers does not 

allow this to be confirmed. 

From the crowt h curves in Fig. 5 .8 and Fig. 5.9, a 

maximum ag e of 14 years 1S predicted for the tallest plants 

in the commtlnity (up to 60 ern for Tall and 40 cm for Medium 

shoots) . Tllis estimate seems extremely high but 

unfortunately no similar growth meQsures have been done on 

S. maritima, or for that matter, on any other grass 

(Tainton, 1978 pers. comm.). Further evidence thot 

S. maritima i. s extremely slow growing is given by the 

absence of ony regrowth in the harvested plots, even a 

year after clearing and in spite of potential vegetative 

propagation from surrounding stocks . 

Le af loss for S. maritima was independent of shoot age and 

season . Other studies h ave fodnd that S. a l terniflora 

produced only 4,5 leaves per shoot in a year, while 

S. cynosuroides and S. patens produced 1 3 , 7 an d 9,5 leaves 

respectively. Obviously the leaves of S. alterniflora 

are considera bly larger than the local species leaves. 

There are certa i n similarities between S. patens and 

S.~aritima including similar leaf production, 

independence of l eaf number from shoot size, and lack of 

seasona li ty . The significance of these similarities wil l 

be discussed lat er in term s of production and seasonal 

behaviour. 

Interpretation of growth behaviour i s made difficult by 

the fact th a t shoot rather than individual plant 

characteristics have been measured . Considering the 

growth habit (Fig. 2.1), plant numbe r s must be considerably 

lower that s hoot densities. On this basis, the following 
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interpreL~tion of cllergy ])art itionjng 1n s . ~ariti~a is 

madt:: . 

The ext r erlely slow growth rates measured for shoots of this 

plant are sllpported by the absence of regroHth in cleared 

plots even after a year. Furthermore, the order of 

mag nitude of monthly growt h rate was too small to be 

detected in 12 months monitoring of the 0,1 g size class 

(s ee Fig. 5.4). The extremely slow growth of shoots may 

be the resu lt of divided growth resourc es of the parent 

plant which develops many shoots. In addition, most 

energy is directed into leaf production, rather than into 

shoot gro\.,Tth. In Spring, nit rogen, potential energy and 

carbon composition of shoots are maximal. Causal factc.l's 

may be tl"anslocation of reserves from roots to shoots) ane1 

full exploitation of spring resources such as warmer 

temperatures and higher radiation, allowing better use of 

available nutrients. This build-up in plant protein and 

carbohydrates coincides with the beginning of culm 

e)ong~tion and development of infloresc ences. 

extends throu gh midsummer (Fig . 5.3) till March, when the 

p2rent plant stock i. depleted of energy resources. 

Th~ actual number of young developing shoots «0,1 g) is 

at its lowest at thi8 time and shoot densities are miniI(Al 

During winter , young shoot numbers increase slowly. 

Towards Spring the plant begins to recover from the drain 

on its re sources. Biomass increases in spring to reach 

a peak in summer, when high light intensities and warm 

temperatures are exploited . 

flowering requirements again. 

Resources are restored for 

Variation in energy 

resources through t h e year are slight, and detected by 

sensitive - measures only . The changes with season are so 

small as to be indetectible by the gross scale measures 

used in the production studies . 
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CHAP n: R 6 

MEASUREMENT OF NET PRODUCTIO N OF S. MARITIMA 

6.1 INTRODUCTION 

Net ~roduction of higher plants is generally estimated by 

measurement of changes in biomass or determined . from 

photosynthetic and respira tion rates. The accuracy of the 

latter approach 1S limited by technical difficulties, 

particularly in dealing with r e g ularly inundated halophytes. 

Gas methods are unrealistic for vascular plants subject to 

subm e rgence due to the presen~e of air lacunae (Hartman 

and Browil, 1967). Further problems arise in converting 

Gross Production to Net production over long periods, 

correcting for effects of pl1otorespiration and conversion 

of data into production in terms of organic matter 

(Mathews and Westlake, 1969). 

Great difficulties are encountered in.simulating 

i.nterti.dal environments . Also it lS totally unrealistic 

to attempt to extrapolate hourly rates into monthly and 

even year ly rates, unless continuous radiation data-col1ecti. n ~ 

equipment is available. Annual estimates in terms of dry 

matter and energy content are essent i al for incorporation 

of p rimary production data into the energy flow model. 

In v iew of th e above -men tion ed difficulties, changes 1n 

biomass were selected as the means of measuring production 

of S. maritima. 

Ther e is much literature describing the production of 

Spartina species in North America (see Keefe, 1972 and 

Turner, 1976 for reviews), but none on the local species. 

The reasons for the great interest shown in the American 

species are the dominance of this plant in the extensive 

wetlands of the continent, its major role as a primary 

producer in the rich estuarine ecosystems , and its 

extremely high productivity, as high as that of 

subsidised cultivars, in the stressed intertidal 

env i ron ment (Teal, 1962; Odum and de la Cruz, 1967; 

Odurn 1969, 1971, 1975; Keefe and Boynton, 1973; 
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Provost, 1 (:76; Tur ner, 1 976; Iht2cl, 19 "J7). 

Producti o il metho ds llav e bee n revi~wcd and critici s e d by 

Keefe (1972), Turner and Gossc link (1 975 ) ~nd Turner (1976) 

No stan ~ 3rd procedure has been established for halophytes ~ 

though c e rtain methods have been recommended above oth ers. 

Essentially} all the methods measure increas e in biomass , 

in accordnilce with the definit i on of prod uction. This 

proves to be s uitable for the mark ed spring and Bumm~r 

growt h and w in te r die-back of North Amer ican spec ie s of 

~art i n.'=l . Onl y one pr od uct ion study h as be e n initiated on 

s. mariti",a~growing at Lan ge baan Lagoon (Christie, 197~). 

Th e abs ence of any marked seasolla l growth and winter dic -

b ack was n o t ed in the Swartkops pl ants . Thus th e lack of 

a single reliab l e method which accounts for continuous 

growt h through th e year necessitated the use of seve r al 

methods in this study. 

Aer i al biomass data r equired for prodtl ct ion measurement 

were coll ecte d as described in Ch a pt e r 5.3.2 Dnd 

corrected for monthly p erio ds . 

6.2 HETHODS 

Hethod 1 

Allen's graphical method of production meas ure ment was 

attempted h e re because of the high proportion of young 

shoots observed in December, 1976, whic h suggested the 

emergence o f a spring cohort. This method is widely 

us ed in animal production stud ie s but was consid e red 

feasible for plant studies after the preliminary work of 

Mathews and Westlake (196 9) . The rationale behind the 

method is d escr ib ed by Edmondson and Winberg (1971). 

The principle behind the method is the same for Method 5. 

(see Hathews and Westlak e , 1969). Briefly, the freque~cy 

(N) of a size/class of individuals of size w, followed over 

a time course t , will give an estimate of production from 

Net Production - N6W t wh e re 6 ~t is the growt h in mean mass 

of the population in the time in terva l . It is assumed 

th at each cohort (group of individuals of the same 
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generati o n) follows the S U 10e time course. Thus a 

sequential errangem c nt of the size classes gives the time 

course of a single cohort. Production is determined 

graphic~lly from the cllrve. 

Hethod 2 

Milner and Hughes (1970) and Gabri~l and de la Cruz (1974) 

used th e change in biomass between sampling periods to 

determine production (after Penfound, 1956). 

method : 

B - Il 
n n-l 

Monthly net production -

By this 

t h where B is aerial Live biomass at n sample period 
n 
.. h th I 11 . t 18 t1mc at ten samp.e co · ect10n 

n 
AnnULI. net production - t monthly production 

Ml'. thod 3 

Net annual production 18 measured as the difference 

between maximum a nd minimum Live biomass measured during 

tbe year. This method has been used by Smalley (1958), 

Stroud and Cooper (1969) and Williams and Murdoch (1969) 

Annual net production - Live biomass 
max 

- Live bioma ss 

during period of one year 

Method 4 

Edmondson and Winberg (1971) describe this method for 

estimating production of invertebrat e populations 

min 

mean biomass of population X tim e interval 
Net production -

turnover time of individuals 

The average height of Tall and Medium shoots which died 

during growth monitoring of marked shoots was calculated 

as l7,8 Z cm (see Chapter 5.4). The corresponding age 

was determined f rom the appropriate growth curves 

(Fi g. 5.8 and Fig. 5.9) . The av erage age of mortality 

of Tall shoots was 1169 days and 1153 days for Medium shoots. 

These ages indicate turno ve r time of individuals . 



Avel~3g e Live h io mi! SS 
, . 
;)]omcr SS ? 
----

Heth od 5 

Illis method was formulat e d on the same basis as Me thod 1 

and cive~ the same results with idealised data (Mathews 

and \'icst1ak", 19(9). 

A forn of Ricker's eqll~tion is u se d to derive production. 

Net production 
Bo + Bt 

(In(Wt/l-!o)) - ---
2 
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where Bo and Bt are Live biomass at start and e nd of timp 

period respecti ve ly 

Wo and Wt are mean dry mass of individu~l (see Fig.~B) 

at start and end of time interval 

Annual production = ~monthly net production 

Hethod 6 

Smalley's (19 5 8) method measures lncr eases 1n Live biomass 

during each sampling period and accounts for losses by 

death j g razing and removal from the area between santpies. 

Ne t production is calculated as follows: 

1. if there was both an increase in the Live biomass and 

an increase in Dead biornass~ then Net Production = tile 

su m of tIle incr e as e s; 

2. if both Live and Dead biomass decreased, then production 

\-l as zero . Since production is defined as synthesis 

of organic matter, it cannot be negative, and decreanes 

mu st be accounted for in terms of consumption, 

sedimentation or loss from the system; 

3. i f the Live biomass increases and Dead biomass decreased, 

pr oduc tion was eq\lal to the incre ase in Liv e matter . 

Any decrease in Dead biomass is assumed to be due to 

loss to the tidal waters, but an incr e ase in Li.ve 

biomass can only be due to net production; 
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~. if t h e Dead t~~.omnss i n r re a scd ~u d Live bioln~ss decrc3 s 0d, 

thc;y ',;ere 1 ddcd <:':.l l!\~brC1i c<!lly; 

ne sntive , production t,'as zer c, ; 

if the r esu lt was 

if the result was 

pO sil:ive, tIl e reSllltin ; figll re was equ al to ' productj,(ln. 

T h ,; "' C tho d h ? she e n· i. de l y ;) C c" pte d (T e;) 1, 1 9 (, 2 ; 

Will i ams an d Murdoch, 196 9; Stroud and Cooper , 1969; 

o d II m !:...t:. ~~.' 19 7 2 ; Tur ne r and Gosselink, 1975; 

G~l ln£ her, Pf e iffer and Pomeroy, 1976; Kirb y and 

Goso el ink, 1976) . Although it is difficult to 

det erm in e 11 0W a ccurate the method i~, and though leaf 

l oss ~s disregard e d, r esu lting in underestimation~ it 

1S a pref e rable nlethocl to annua l estimates based o n 

end-af-s ea son Live bio mass (Turner, 1976). 

Nethod 7 

Wiegert and Evans (1964) formulated tlleir method 

specifica l ly for ungrazed grasslands . Production is 

c a lculat ed from change in Live biom as s plus morta l ~ty 

lu [;scs) <Hhere mortality in c l udes amo unt of de.ad mater i a l 

pr o du~ed a nd lOGS by decompositioll. This method has heen 

u se d with su~ceHS by Kirby anJ Gosselink (1976) on 

S. alterniflora Bnd is high ly reco mmended by Turner (1976). 

The following pDrDm~te rs are measured: 

t. time interval (days) 
r 

a
i

_
l 

= s tanding crop Deav mater i al at start 

B. standing crop Dead mater i al at end 
J. 

b . 1 standing crop Liv e material at start 1-
b. standing crop Live material at end 1 
r. instantaneous daily 

l . 
rate of disappear a nce 

materia l during interval 

Amount of dead material 

disappearing during an interval 

Changes In standing crop of Live 

Changes 1n standing crop of Dead 

x , = 
1 

.. "b. 
1 

= "a i 

( a. + a·
l

) 
r r-

2 

= b -b . 1 i 1-

=a.-a 
1 i-I 

of dead 

X r.t . 
r 1 

The change in dead standing crop during an interval is equal 

to mortality (ie. the dead material added) and the disappear­

ing material (ie. decomposition) 
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1 .~ :1 i: C: 1: j .:! 1 + 
d ~.~ a d '" . .s t: d I J d ~ :l g 

Gro\! th and mortalj. ty result 1n a change in Live st a nding cr o p 

ie . live standing crop = growth - mortaliiy 

'" Live s tat:ding crop + mortality 

Net Production =L\D.+d. 
1 1 

The decomposition rates are expressed as instantan e ous daily 

rates ( g day) for use in the production measurenlents. 

Instantaneous rate of disappe~rance 

of de a d materi.:il 

where t. - t = number of d a ys 
1 0 

= r. = 
1 

In (H . N 1 ) o . 

tl - t a 

140 al!d '/1 are litter ,.,cights at: start and end of time 

interval 

(\.Jiegert and Eva ns. 1964 ) 

l :ethod 8 

This l.,ethod was especially devised to account for 

S. maritima s h oot growth and leaf loss during monthly time 

int.e.rvals. The g r~wth curves of Tall (Fig. 5 . 8) and 

Medium (Fig. 5.9) S. maritima shoots were divided into 

sections according to constant slope of curve. 

sections correspond to different size classes. 

The 

Height 

increments were converted to mass in crements by means of 

the height : mass regression s (Fi g . 5.7). The growth 

rat e for these different size classes was multiplied by 

the biomass proportional to the freque ncy of the 

appropriate size c l asses . The sum of shoot growth of all 

c l asses of the population equals monthly production. 

Leaf production measurement was described in Ch apter 5 , 2.6 

and the results given (Chapter 5.3.7) and discuss ed 

( Chapter 5 . 4) . 

Monthly n et production 

Annual net prcduction 

-2 ; shoot growth m + l eaf 
- 2 

produ ction m 

sum of monthly production 

All methods are summarised 1n Table 6 . 0 for easy referenc e 
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TABLE 6.0 S1J?11·1ARY OF }!ETHODS USED TO f1EASURE NET 
pp:-r;Duc:fI 0 I: 0 l'--S-;--}1iI:IfI"T 111A----

N1JHBER l·1ETHOD REFERENCE 

1 NP si z e frequency X .6.1.: E: an mass (Allen curve) 
of population in time interval Ha theIJs & Hl-s t lake (196 St) 

2 NP bLive biomass durin& time interval Hi1ner & Hughe. (19 70) 

----.-----------.------------.---. 

3 Annual NP = max biomass - min biomass Stroud & Cooper (1969) 

mean biomass x time" interval, 
4 NP Edmondson f, Hinberg (1971) 

turnover time of individuals 

5 NP grov"Tth rate X me an biomass Hathews & Hestlake (1969) 

If "Live and "Dead biomass both +ve, 6 Smalley (1958) 

7 

8 

:~p = l'!.Live + "De. d biomass 
If "Live and "Dead biomass both -ve) 

NP = 0 
If. ,~Live biomass is -ve, and .6.Dead +ve 
NP ;, "Live + "Dead biomass if 0, 
otherIJise NP = 0 
If 6Li ve biomass +ve and ilDead -ve, 
NP ~ bLive biomass 

1\1 t= NP 

ILl· Li ve Biomas s 

A2 t = Production of Dead 

IL2 . Dead biomass I 

A3 t = Decomposi tion X mean Dead biomass 

NP shoot groIJth + l eaf production 

Wiegert & Evans (1964) 

This study 
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6. Ii • 1 

lucol~pli . ~ e dut~ cn co;~rlunity structllr~ did not pEr~lit 

th e appl j c :~ tion of all methods of production meas ur eme n t 

t o T 3 11 ~ nd Med iu m shoots (T uble 6 . 3 and Table 6.4 

r espec tively) at th e Creek Station . Data all shoot prOdltcti o n 

requ ir ed for Hethou 8 on TalJ. anG !'1e di \ln1 ~pn~~ina at the 

Ri ver StatloD is g i ve n i n Tables 6.1 Rn d 6. 2 respectively. 

A compal"ison of production es l: imates from all, seven methoJs 

Kas poss ible for T J l l and :r c di u nl shoots (Tab] e . 6 .5 a n d 

T~ble 6.6 respe c tively) growing at the River S tation. 

Ne gative results were expre ss e d as zero pro d u c tion because 

neg a tive pro ducti on is a contra d iction in t erm s. Results 

from the most r e li a hle me tho d and representative of typi~al 

S. mariJ:.i ma shoots '.'cr e av erage d . The mean production 

estimate, aCC 011~ti ng for loc a l va~i ~ tion, was convert e d 

i n to unit s of ener g y and crude p~ot ei n (Tabl e 5.1) and 

exprRssccl for the whole estuary (Table 6.7) . 

DISCUSSION AND CONCLUSIO NS 

CO!1.J>.~EL:, . .£E_." f d iff e r en t me th o d s 

Re f er to Table 6.0 for su mmary of nlethocls u sed ) a~d TaLl.c 

6.5 and Ta ble 6.6 for results. 

Method ] is better - suited to non-id ea l data than Method 4 

and detects changes in population b e ll av iour, even though 

both methods are derived from the SBme principle 

(Chapter 6.2) . Because of the slow growth of the shoots , 

the size class structure remained cons t ant throug h the year 

( P i g. 5.4). The youngest shoots grew so slow l y in tile 

y ea r th a t their mass did not increase beyond t he first 

size cla ss (0 - 0,9 g) d uri ng the 12 mont h monitor i ng period . 

The meth od may hav e been successful if smaller s i ze classes 

were us ed and t h e monitoring period extended. I n terms of 

effor t and t i me i nvol v e d, this wo u ld ha v e been u n feasib l e . 

Method 2 concurs exact l y with the theore t ical def i nit i on 

of produ ctio n in meas urin g the increase in biomass for a 

give n time in terval . Practica l ly, however , this method 

ignores morta l ity and leaf losses , and relies on a marked 

seasonal peak in product i on. Monthly fluctuations in 

biomass result in nega t ive values where l ow b i omass is 



TABLE 6.1 MONTHLY AND ANNUAL SHOOT PRODUCTION* OF TALL S. MARITIMA AT THE RIVER STATION 
- 2 (Dry g m ) 

1977 ANNUAL 
CLASS SIZE GROHTH RATE D T F 11 A M J J A S ° N TCl'!,L v .- - .. ---

(g) - 1 (g month ) 

0-0,09 0,00045 0 , 066 0 , 053 0,056 0,037 0,061 0,07 0,038 0,048 0,055 0,099 0,087 0,089 

01,029 0,00032 0,053 0,049 0,046 0,044 0,048 0,057 0,034 0,048 0,043 0,042 0,045 0,045 

0,30- 0,39 0,00019 0,006 0 , 013 0,012 0,008 0,012 0,016 0,009 0,011 0,01 0,007 0,01 0,007 

0,4- 0 , 69 0,00042 0,031 0 ,054 0,066 0,06 0,063 0 , 086 0,077 0,072 0,068 0,038 0,063 0,067 

0,7-2,69 0,00042 0,082 0,027 0,084 0,06 0 , 052 0,036 0,143 0,096 0,085 0,071 0,:J87 0,0 /.3 

l{onthly Totals 0,238 0,196 0,264 0,209 0,236 0,265 0,303 0,275 0,26l 0,257 0,292 0 , 251 3,01.7 

- ? 
" Val ue obtained by mUltiplying growth rat e by appropriate biomass m - proportion&l to freql1.cncy 

of S]. Z e class in sample . 

" c· 



TABLE 6.2 MONTHLY AND ANNUAL SHOOT PRODUCTION* OF MEDIUM S. I1AR I T Ii ~A AT Tll E RI VER STATION 

(Dry - 2 g m ) 

1977 
ANNeAL 

CLASS SIZE G"Ol-TfH RATE D J F M A H J J .\ S ° N IO·;:iII, 
----------

(g) -1 (g month ) 

0-0 ,09 0,00133 0,144 0,126 0,181 0,076 0,11,- 0,144 0,097 0,11 0,15 0,13& 0,197 0,158 

0,1-0,49 0,00177 0,497 0,414 0 , 349 0,333 0,308 0,296 0,340 0,366 0,37 0, 444 0 ,345 O,J86 

0,5 0,00128 0,055 0,047 0,069 0,031 0 , 027 0,023 0,033 0,037 0,041 0,086 0,06 0,076 

Monthly Totals 0,696 0,587 0,599 0,44 0,475 0,463 0,470 0,513 0,561 0,664 0,602 0,620 6,69 
-----

" Values obtained by multiplying g r ow t h rate by appropriate biomass 
-2 

propo rtional ,m to 

frequency of size class ~n sample. 

-..., 
-, 



TABLE 6.3 MONTHLY AND ANNUAL NET PRODUCTION 
~2 

( dry gill) 
CREEK STATION DETERMINED BY DIFFEREN T MeTHODS 

1977 
METHOD S 0 N/D J F M A M J J A 

2 119 0 0 20 0 0 12 0 56 35 26 

\ 
3 

4 13 16 21 11 10 11 11 11 8 10 11 

5 

6 119 0 22 32 12 0 12 0 56 63 2 6 

7 0 0 0 79 0 0 31 0 46 76 6 

8 

(Incomplete data) 

OF TALL S. ;IARITINA AT THE 
(see T:lb1e 6.0) 

S 0 N/D ANNUAL Nr 
43 48 66 306 

492 

II 13 1 4 133 

82 48 66 419 

95 56 389 

'J 
00 



TABLE 6,4 

METHOD 

2 

3 

4 

5 

· 6 

7 

8 

MONTHLY AND ANNUAL NET PRODUCTION (dry g m~2) OF MEDIUM S . MARITIMA AT THE 

CREEK STAT I ON DETERMINED BY DIFFERENT liE TH ODS (see Tab le 6 . 0) 

1976 1977 

S 0 NID J F }! A M J J A r ., 0 !~ /D At\~JU ,\j, l\P -----
51 0 lOL 5 0 0 11 0 56 4 19 6 20 0 2 ,<) - -, 

~ ~ ~ 208 

8 - 10 6 10 9 7 6 7 6 7 7 8 8 9 9 1 

~ ~ ~ ~ ~ 

51 0 115 5 25 0 11 0 73 9 19 6 29 26 318 

44 0 77 38 0 0 29 0 94 28 15 3 50 33L, 

~ ~ ~ "' 

(Incomplete data) 

'-J 

'" 



TABLE 6.5 

METHOD ---

2 

3 

4 

5 ! 

. 6 

7 

8 

MONTHLY AND ANNUAL NET PRODUCTION (d=y g m- 2 ) OF TALL S. MARITIMA GRO l7ING 
AT RIVER STATIO~ DETERMINED BY DI FFERENT METHODS (see Table 6.0) 

1976 1977 

S 0 NID J F N A 1-: 7 J A S 0 N/D f\:.~NF:\L :~ :? ., 
41 0 0 155 0 72 37 6 0 0 0 92 0 t~ 12 

597 

16 18 16 14 17 14 16 18 20 19 18 17 20 17 205 

228 0 0 0 471 0 13 C 65 0 777 

41 0 0 223 51 72 87 0 0 15 0 92 19 559 

30 0 0 292 0 99 99 79 0 0 0 99 0 668 

33 64 57 48 64 72 44 60 55 50 65 68 680 

(Incomple t e datal 

ex: 
o 



TABLE 6 . 6 MONTHLY AND ANNUAL NET PRODUCTION 
-2 

(dry g 1'\ ) 

RIVER STATION DETERMINED BY DIFFERENT METHODS 

1976 1977 

METHOD S 0 NID J F M A M J J A S ---_. -
2 44 0 0 22 0 31 a 0 27 36 65 0 

3 

4 10 11 11 10 10 7 8 8 7 9 10 11 

5 0 27 0 0 0 136 0 76 0 

6 44 0 20 44 0 59 0 80 27 67 65 0 

7 62 0 0 96 0 105 0 0 54 99 76 0 

8 1,3 46 52 37 36 36 44 42 46 47 

(Incomplete data) 

OF MEDIUM S. C1ARITUIA AT THE 
(see Table 6.0) 

0 N/D ANNUAL NP 

6 0 187 

308 

10 10 112 

50 290 

17 0 379 

49 479 

47 1.,7 523 

'" ""' 



TABLE 6.7 

Tal l S. maritima 

(m- 2) 

ANNUAL AERIAL NET PROD UCT ION OF S . MARITIMA PER SQUARE METER AND FOR THE 
HHOLE OF THE SWARTKOPS ESTUARY (Results f r om Me.thod 8) 

ORGAl'HC POTENTIAL CRUDE CARBON 
DRY MASS MATERIAL ENERGY PROTEIN" CONTENT plB 

(g) (g) (J) (g) (g) 

680 614 11733400 55,22 293,62 1,04 

Medium S. maritima 523 472 9024365 42,47 225,83 1,15 
-2 (m ) 

Mean 

(m-2) 

Total estuarine 
product i on 

602 543 10378883 

3 3 9 495 , 6xlO kg 447,lxlO kg 8,5xlO kJ 

48,85 

3 40,2xlO kg 

259 , 73 

3 213,8xlO kg 

1 ,10 

;, = crude prot ein dete r mined by mul tip lying N content by 6 , 28 (Squier s and Good, 1974) 

P annua l pro duction 

B = mean bioma ss 

<YO 

'v 
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preceded by a higll cr biolnass . Tll e ~lmost const an t natur e 

of the production of S. ma ri tima is accounted for in 

Method 3, which measures a ny seasonal annu nl produc t ion 

as the difference between hlaximu~ and minimum biomass 

during the year. 

again ign ored . 

However, l e af and mOTtali. ty loss es are 

Mort al ity, as a function of a vera ge lifespall is used 1n 

Method 4 to modify monthly biomass values. The . ag2 of 

mortality or turnover time is almost constant th rough the 

year, (see Capter 5.4), so that it does not appear t o affe c t 

production seasonally. Again, l eaf l osses a re not accounted 

for. Growth rate as an expon e nt ia l function of individu~l 

shoot mass increment over time interv al , multiplied by 

average biomass, is used in Net h o~ 5, However , indi.viduel 

sho o t mass is a dir ect function of biomass, and monthly 

changes in mass wer e so met imes ne gat iv e (see Fig. 5.6). 

This method fails , as growth, by def i nition, may net be 

negative. These values are not valid an d exp re ssed as 

zero. It i. int eresting to note that Methods I Rnd 5 , 

based on the same theoretical principle (Nathews and Westl a ke, 

1969), failed for different reasons. 

Lo sses by mortality are comb ined with Live Qaterial changes 

in Method 6. Thi s method has been criticised on the 

grounds that the magnitude of inaccuracies can n dt be 

determined (Turner, 1976), On th e wh o le, though, this 

method is mo r e repr e sentative than either Me thod 3 or 

where net production i s assumed to equal maximum biomass 

in the y ea r (Turner, 1 976) . Method 7 has been recommended 

as the most accurate means of measuring overs e as species of 

Spartina (see Turner, 1976). Production is corrected for 

losses by morta lity as well as amount of dead material lost 

by decomposition . This method is again dep en d ent on a 

continuousl y increasing biomass followed by a winter die off. 

The " abberant" behaviour of S. maritim~ g ro wing continuously, 

but with variable biomass results in zero production for 

some months . 

A genera l criticism may be l eve lled at all the above 

mentioned overseas methods and which became apparent in 

tllis study on grass[ands with very slow growth and low 
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product:: O~-J. Pro du ct ion of Nort!! Am c .:ican spccie.~ ;nu.~t 

be so . great as to cxcedc nat ur al 

seasoncl increases and d ecr eases 

var i ation. Il~ S. mar:i.LJ_~'_~, 

in pr o ductio n are slight 

and are masked by va riation in the stands. This occurs 

even tllOUg h the accuracy of tlle monthly sampling was l ow , 

the per cen tage er r or b e in g aboutlOZ , ~ccept8ble by IEP 

standards (Miln e r and Hughes, 1970) . In effect then, 

the overseas methods, devised for meas~re s on vig o rous 

producers, prove to b e too crude fo r th e subtle seasonal 

changes of S. maritima production in Sw a rt kops. 

Tables 6.5 and 6.6, show clearly the conflict ing mont hly 

and anDual produ ct ion estimat~s determined by the different 

methods . Production measure d by Met hods 2- 7 fo r a 

particular site during anyone month , show little 

correlation, whi c h s uggests that values are Ilarte.fac ts l
! 

as a result of th e methods used, and do not reflect the 

true nature of S. maritima production. Thi s crit~cism 

can not be levelled at Method 8, which i s ba se d direc tly 

on the growth h a bit of the shoots. 

A point worth raising is apparent in Tabl es 6 . 5 and 6.6 . 

If monthly pr o duction is i g n o red and annual production only, 

is calculated by a n yone metho d of Methods 2-7, the result 

appears to be satisfactory, when if fa ct , it is a 

misreprese nt ation . The closeness in annual production 

estimates from Methods 2-7 to Method 8 may be related to 

the fa ct that l eaf production coinc~des with l eaf loss. 

Thus turnover is hi g her than is apparent from the almost 

constant biomass from one sampling period to the next. 

The la st method, Method 8, was devised t o tak e into 

consideration the nature of the plant. Leaf monitoring 

showed that each plant produced, and simultaneously lost, one 

leaf per mon th. Leaf production is shown to be relatively 

high in Table 5.3. Shoot prod~ction, however, is almost 

negligible, 

age (=5ize) 

even when weighted to account for different 

classe s (Tables 6.1 and 6.2). This method is 

proposed as th e most reliable method, giving the most 

representative results for S. maritima production measurement. 

Seasonal pattern is not a pparent, but the variation, accordin g 

to raw data on growth of marked shoots, is in the order 
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of 0,0001 g . This small s c~le seaso nal variation is 

un detectible at the scale of measure used in production 

measures. 

Co mpa ris ol, of pr oduct i on of other specips of Spar_tin a 

Table 6.8 shows that in general, North American species of 

SpRr.E..~n a have higher net production than ~. maritima 

production. This is probably the result of production 

measures based directly on biomass values. Higher 

bio mas s values for North American species have been 

discussed (Chapter 5.4). Mo~e valid cUlllparisons are 

possible by cOlnporing production biomass (riB) ratios 

(see Table 6.8). S. maritima has lower P/B values than 

the vigorous S . alterniflora, and is similar to the other 

sp ecie s, S. cynosuroides and S. patens. 

Comments made earlier on the methods of production 

me as ures are applicable to overseas data . Method 2 and 3 

underestimate production by ignoring le af and mortality 

lo sses . Method 6 also ignores th ese leaf l osses, but 

accounts for lo ss of dead material. Turner (1976) has 

given a critical evaluation of this method when used on 

ov e rseas species. 

S. alternif l ora dominated communities produced 1108 g 
-2 

m 

yr - l (G b . 1 d d I C 1971.;). a r1e an e a rux, Though these authors 

found no difference between normal and treated production 

(regrowth after repeated clipping), Hubbard (1970) reports 

th at regrowth and increased density of S. anglica shoots 

werc stimulated by c u tting . The disc r epancy in species 

behaviour renders this method unreliable. Furthermore, 

observations of harvested plots showed no regrowth of 

S. mari!ima shoots even a year after harvesting. 

Efficiency of conversion of radiation by S . alterniflora is 

0,2 - 0,35% (Turner, 1976) which is 

than that of S. maritima, ,,,hich is 0,14-0,11%. 

(Efficiency = energy fixed by net production (J 

expressed as a percentage of solar radiation (J 

higher 

-2 
m 

-2 
m 

-1 
yr ) 

- 1 
yr )) . 



TABLE 6.8 NET PRODUCTION OF SPECIES OF SPARTI NA IN DIFFERENT REGIONS 

PLACE SPECIES METHOD 2 METHOD 3 METHOD 6 HETHOD 7 

1. Swartkops estuary S. maritima 187-412 208- 597 318-559 334-668 
(This study) 

2. Louisiana S. a1ternif1ora 700-752 1005-1409 1.323-2645 
(Kirby and Gosse1ink, 

1976) 

3. Georgia S. alterniflora 354- 1098 643- 1098 
(Smalley, 1958) 

4. N. Carolina S. alterniflora 223-1170 329-1296 
(Stroud and 
Cooper, 1969) 

5. Mississippi " mixed 
(Gabriel and 
de 1a Cruz, 1974) 

6. ConnECticut S. patens 360 
(Steever, 1972) 

7. Virginia S. cynosuroides 563 
(Mendelssohn, 1973) 

8. Massachusetts S. cynosuroides 2190 
(de 1a Cruz, 197.) 

* denotes Method of regrowth 

METHOD 8 

523-680 

1108;< 

p / B 

1,19 

1 ,35 

1,33 

1 ,75 

1,23 

1,03 

1,18 

en 
c ' 



The difierenc2 i.n gro\1th s trategy between ~. maritima and 

the overseas species ~. alternifl o ra, is clear in tile 

vel lies expr.essing leaf production as a percentage of net 

producti on. Though the values W2re dcri~ed by diffcren~ 

rrethods~ the discrepancy is obvious. S. maritima leaf 

production is a l mo st 99,9% of net product ion, (se e Tables 

5.3, 6.5 and 6.G) , wher eas it vari es from 15 , 6% 1n 

Georgia (Odum and Fanning, 1973) to 19,3% i n N. Carolina 

(Williams and Murdoch, 1972) to 29% in Nova Scotie 

(Hatcher and Mann , 1975) for S. alterniflora. 

N " t I' rod u c t ion 0 f ~_. .1' E. ten s a I' pea r s com par a b 1 eta t hat a f 

S. maritima when data is treated by the same method, vi •. 

81 

Method 6 (s ee. Table 6.8). It is noteworthy that S. pate~~ 

is the o~ly North American species which overwinters, with 

25% of the population surviving through winter to the 

next growing season (Hardinsky and Reimold , 1977). 

Other similarities betwee~ this species and S. maritima nre 

the indep e nden ce of leaf production from culm elongation 

and no seasonal leaf abscission (Chapter 5 . 3.7, and 

Har disky and Reimold , 1977). These authors concede that 

the "problem of assessing annual primary productivity is 

complicated by this carry-over of material" and are the 

on ly authors to have acknowledged this. They stress that 

the study of individual culms, is essential for community 

production studies of all species of ~rtina. 

The s tat ements of Hardisky and Reimold (1977) support the 

reliability of the method devised in this study for 

production measurement. 
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DECOMPOSITIO ~ R~T E AND D[TRITUS PRODUCTION 

7 .1 INTRODUCTION 

7.2 

7 . 2 . 1 

Day (1 967) states that the main source of basic food in 

the South African estuary, Knysna Lagoon, is org ~\ni c detrit'Js. 

Thus fo r a complete study of the energy flow through the 

Swartkops estuarine primary producer, S, maritima, the rate 

of d e compo9 ition and th e produc t ion of detritus were 

me as ured s eas onally. The rate of formation, the amount 

and the nutritional value of Spar tin a det r itus as a food 

source for detritus feeders on the Swartkops salt marshes 

was tl1 US determine d. 

Decomposition rate of S", maritima was estimated f rom lo ss es 

of dead material from nylr, 'l mesh litterbags placed .i.!': situ 

for given time intervals. Litterbags are 

me-suring degradation of salt marsh plants 

de la Cr uz, 1967; Gessner and GODS, 1 9 73; 

widely used 

(OduIn and 

Hay, 1. 974; 

in 

Gosse link and Kirby, 1974; Odum and He a ld, 1975), The 

alternativ e method recomm en(erj hy Reimold ~! Al (1 975 ) and 

modified by Lominicki, Bandola and Kankowska (19 68) is 

the "paired-plots" method, devised by Hiegert and Evans (1964) 

HETHODS 

Seasonal loss of dead material 

In the winter month of Jttne, 1977 and in the spring month of 

October, 1977 a series of 192 litterbag s were prepared and 

placed in the field to monitor seasonal breakdown of 

S . maritima. (A winter series initiated in April of 1977 

was destroyed by human interference and was thus repeated 

in June). 

Dead standing plant material was placed ~n litterbags to 

simulate the stage when detrit u s formation begins ~n 

nature. The litterbags were made of nylon mesh of th ree 

s iz e s : Fine 0,4 
2 

Ne dium 0,5 
2 1 , 5 = mm ; = mm Coarse = 

Each bag was numbered, filled with a known mass of dried 

mm 
2 . 



7. 2.2 

89 

~ateria! and se~~ closed . The bags were secured to tll~ 

Dl Ud surface by rn~ans of nylon threads tied to stakes in a sta n 

of Hediu m shoots (see Fig . 3. 1,). The bags lay flat on 

the marsh surface aGd were subject to regular tidal inund n tio n 

The site was selected for minimal chance of human 

interference, which had proved tobe a major pro~lem 1n th2 

past . 

Major errors incurred 1U litterbag studies are not due to 

oven drying effects, but due to inaccuracies in mass 

measurement as a result of spillage during transportation 

from the laboratory to the f ield (Suffling and Smith, 1974) 

On the day of initi a tion of both summer and wi~ter serie~, 

15 litterbags, (5 of each mesh size) were returned directly 

to the labor atory , dried at BOaC for 24h, cooled in a 

desiccator and weighed . Loss by spillag e in transit was 

expressed as a percentage of initial mass in grams . 

After time intervals of about 5, 10, 20, 40 ... • • etc . days, 

five bags of each mesh size were collected and washed clean 

of mud. Animals pr esent in the detritus were removed for 

later identification. The plant matter was oven dried 

(SOoC for 24h), cooled in a desiccator and weighed. 

Subsamples from th e winter series were analysed for nitrog en 

content and energy value (see Chapter 5.2.3). 

Litter remaining in the bags after give n time pe r iods was 

expressed as a percentage of origi n al mass. 

Determination of decomposition rate 

Daily instantaneous rates of disappearance of dead material 

were estimated over monthly per i ods using the same method 

of litterbags described above. Five litterbags of each 

mesh size were placed in ,si tu and collected after a month. 

Contents of the bags were processed as above. 
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were cal ~u lated as fol]. ows; 

:= --------
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\·,he re Wo and WI are dry dead litter mass at start and end 

of ~ime int er val respectively 

t - t = time inte rval in days 
1 0 

(Wieg ert and Evans, 1964) 

The relationsh~p between r
l 

~nd ambient and estu r rine water 

temperature was tested statistically for li.llear re gress10n 

by the method of least squares (Hewlett Packard 65, 

Stat Pac 1-22). The n a ture of tbe data allowed the goodness 

Df fit to be expressed as the correlation coeff icient, r, 

and for the significance of the relationship t o be tested 

(Bishop , 1966) . 

The method of "paired""'plots" for decomposition measurer.:ent 

was attempted here. Unfortunately, repeated theft of the 

plot frames forced this approach to he abandoned . 

Brief ly, t he method involved enc losin g a fixed area of 

At time t , (refer to decom po sition 
o 

equation above ), dead material was removed from onc half 

of the plot , washed and weighed (=W ). 
o 

At a later time 

dead material from the other half of the plot was 

collected and weighed (=W
I
), 

equation, r, is calculated. 

From the above decomposition 

The method gives a more 
L 

representative estimate by allowing effects of grazers to 

be measured. 
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Det(:.rmiu;: Lion of 

Rate of Jetritus PCOdtlction was d ot ermined from Wi ~ gert 

and Evnn s f ~ethod (1964) of determi.ning amotlnt of ~aterial 

disappe a ring during a given time i n lerva] (Rcimold eta 1. .. --. 
1975). Mean dry ma ss of Dead bic} ma ss during a tilne intcTvdl 

was multi pl ied by the disappcarallce rate of dead material 

per day. 

Detritus production X. 
L 

( 8 .+8. 1) 
~ 1 - . 

2 

". 1 and a. are Dead bionass at start 2nd end of 
J. - ~ 

Hhere 

time interval tl 

r - instantaneous daily rate of disRppear~nce of 
1 

dead material duri ng time interval (see Chapter 6.2) 

(Wiegert Rnd Evnns, 1964) 

Annual detritus production - sum of mon~hly values 

RESULTS 

Seasonal decomposition 

Errors incurred by spillage losses were considered to be 

negligible in litterbag studies h ere (Table 7.1). 

TABLE 7.1 Percentage litter lost from litterbags by 
~pillage during transportation 

l1esh size of litterba&. 

FINE HEDIUH COURSE 

(0,4 2 
mm ) (0, 5 2 

mm ) (1,5 2 mm ) 

Ihnter series 2,0 9,92 5,61 

Summer series 0,45 3,02 1,31 

Decomposition curves for winter (Fig. 7.1) and summer 

(Fi g . 7.2) indicate the rate of release into the water 

of soluble material and particles small enough to pass 

through the mesh of the bags. 
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Linear t ( : ~ ' rassions were fitted tel ~!le percentage values 

only fron Day 6 ol1\.Jards, c',Ting to [he initial, rapid 

leaching losses during the first five dBY~ (Hewlett PackGrd 

65, Stat Pac 1-22). 

During tIle first SlX days, loss of material was rapid 

(almost 10%), but evened out to a constant loss rate indicated 

by the straight slopes in Figs. 7.1 and 7.2. Rate of loss 

of different particle sizes was not significantly different 

(see standard error units) in tI,e first 40 days of exposure 

in winter , and 110 days in summer . Overall, summer lo ss 

rate of mean particle size was slightly faster (0,0018 g 

g-l d- l ) than in winter (0,00i6 g g-l d- l ). The half-life, 

t 
0,5 a f ~. maritima litter 1n summer months was predicted 

at 216 d and in winter months, about 245 d. 

Nitrogen and energy content of litter monitored during tI,e 

winter months showed an in~tial drop, then gradually 

increased to a value higher that the original (Table 7.2). 
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TABLE 7.2 COMPOSI TIOJ OF LiTTER ~ ONITORED DLRING WINTER BREA I:DO~N 

Period of exposur_~ Nj~E.£J;~~ont.~':£ Pot.ential EnerBY 

(days) (% dry mass) (J) 

° 1,0865 15263 

36 0,6076 

55 0,7989 14598 

77 0,7174 l3190 

105 0 ,9337 15167 

151 0,9007 14929 

228 1, 1726 16014 

Denotes no data 

All samples repeated until percentage error less th an 

3% fo r ni trogen analysis and 1% for energy determination. 

The p a ttern of animal succession of S . maritima litter could on ly 

be ten t atively suggested due to insufficient data (Tabl e 7 . 3) . 

No fauna such as amphipods, gastropods , deeapods or inse c ts were found 

in the Fine mes h bags. 

7 . 3.2 Decomposition rate 

Instantaneous daily rates of decomposition based on monthly 

periods of litterbag expos ur e showed a sig ni ficant linear 

r e lationship with mean mont hl y ambient temperature, with 

the corre l ation coefficient , r = 0,86, probability = 0,01, 

and with mean monthly estuarine water temperature, 

Hi th r 0,80, probability = 0 ,01 (Fig. 7.3). The 

strong correlation a llowed missing decomposition rates 

for the months January, February, and Marc h (as a r esu lt of 

human interference with the 1itterbags) to be predicted 

from temperature data. Fig. 7.4 shows da ily instantaneous 

decomposition rates , r 1 ) measured over monthly periods as 

means of data from all three mesh size litterbags. 
't 

Averages were used because loss rates from the meshes during 

the first 30 days are not significantly different 

(Fig. 7.1 and 7.2). 



TABLE 7,3 

SERIES 

Apri l 
Series 

Hinter 
Series 

Summer 
Se r ies' 

MESH 
SIZE 

Medi um 
Coarse 

" 
" 
" 
" 

Coarse 
" 
" 
" 

Medium 
" 

Coarse 

MACROFAUNA FOUND IN DiFFERENT MESH SIZE LITTERBAGS PLACED IN SITU FOR GIVEN TIME INTERVALS 

INITIAL 
DATE 

30.3 . 77 
t1 

t1 

" 
" 
" 

22. 6 .77 
" 
" 
" 

19 .10.77 
" 
" 

LATER 
DATE 

6.4.77 
6.4.77 
2.6.77 

11.11.77 
" 
" 

8.9 . 77 
6 . 10.77 

" 
21.11.77 

11.11.77 
11.1. 78 

6 . 2 . 78 

NO 
DAYS 

7 
7 

63 
225 
225 
225 

77 
105 
105 
151 

23 
84 

110 

NO ANIMALS 
PER LITTERBAG 

8 
10 

l, 

85 
2 
1 

1 
1 
4 
5 

17 
, 

12 

SPECIES 

Anurids. maritima 
" " 

Assimineo cf, ponsonbyi 
Assimine8. globulu$ 
~leistostorna edwardsii 
Ochaetostoma sp . 

~lobulus 
C. edwa:rdsi i 
Assiminea bifasciata 
As. bifasciata 

An . maritima 
As. globulus 
As . bifasciata ----------

,? 
C'> 
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p e t .E.i-_ t u '-; _l"_~.:!_.~~.E t :L 0 1:' 

Fig . 7.5 [;hows appreciable scaso n -l fluctuation I Tl detril~~ 

producti c)u measured for Ta l l and Medi um S. marit i mR stanus 

at both tIl e River and Creek Stat ions. This is a direct 

r es ult of decol:tposition ra t e ratl1 er than an expre. s sion of 

Dead bi o ~,3SS, which shows li ttl~ se asonal vari a tion 

( Figs . 5.1 an d 5.2). More specifically, d e tritu s production 

is an estinl a te of the amount of dead S. marit ima breaking i--- ---
IOm • down into particles smaller than 1,5 

Annual detritus production of parti cle s >1,5 2 mm 

calculated from the sum of monthly data and e xpress a d as 

a n a v e ra ge fo r all sites . Thus lo c al v a riation afforded 

by the diff e rent Stations a nd eco phe n e s was accounted for. 

S. maritima detritus production on the Swartkops marshes 

1S given in Table 7 . 4 . 

7.4 DISC USSI ON AND CONCLUSIO NS 

7. 4 . 1 Se asonal breakdown of S. maritima 

The tern de co mpostion is us ed here to enco mp ass d ecay , 

degradation and breakdown of formerly livi ng plan t material 

into detritus. Import ant mechanisms involved in decay 

are chemical dissol~tion, auto ly sis, hydrolysis, oxidati.on, 

mechanical fragmentation by waves and mastication by fauna 

and enzyma~ic lysis by ba c teria and fungi (F e nch" 1, 1972). 

Litt erbag studies have been criti c ised as being unrealistic 

in excluding mastication effec ts of large macrofauna 

(Odu m, Zi e man and Heald, 1972). Conf irmation of this 

possible error by comparison with results of the "p aired-plot E 

method (Wi e gert and Evans, 1964) was not possible in this 

study due to repeated interf e rence with the plot fr a mes. 

Litterbag studies and labor atory incubation studies of 

S . alterniflora have been done in other studies and 

similarities allow certain assumptions to be made concern in g 

S. maritima decay. 

Generally, the process of breakdown may be treated a s three 

phases (Odum ~_ ~., 1972). Each phase is r e presented by 

a change in slope of the decomposition curv e , thou g h this 

study terminated before dev e lopment of phase III 
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TABLE 7.4 

Mean production 
-2 -1 (m yr ) 

Total estuarine 
production 

- 1 (yr ) 

ANNUAL DETRITUS PRODUCTION OF S, MARITIMA PER SQUARE METER AND FOR THE 
WHOLE OF THE SWARTKOPS ESTUARY 

ORGANIC POTENTIAL CRUDE 
DRY ['lATTER HATE RIAL ENERGY PROTElN CARBON 

( g) (dry g) (J) (dry g) (dry g) 

373,5 6013723,5 323,08 21,83 152,09 

3 307 ,5x10 kg 3 265,9xlO kg 4,9509482 3 17,9,,10 kg 125,2x103kg 
1 12. x 0 kg 

>-" 
o 
,~ 
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(Figs. 7 and 7, ~) • P,rit.~. [lY$ 2 ,:t.~ ·t" phase~ indict· t(;d by 

a ch-lngc in rate. of 10ss, is thr . rum \~l[jt:iYc! eff ~ct of the 

clj ffe r e1i.t mechanisms of dcc.1.Y, a~~ t ing at varying 

intensiti es on the decomposing s~bstrate. 

Phase I 

The initi a l steep slope 15 caused by rapid leaching of 

soluble organic compounds. Varying losses expressed as 

percentages of original mass have been rcp ort~d for 

s. alterflora, ran!;lng froQ 25% (Fenchel, 1970; Od"m et a l. 

1972) to 40% (Witkamp, 1966). In ~. ~~itim~, l eaching 

during the first six days appears to account for sbout 10% 

of mat~ria l lost. The dissolved organ i c cOfflpounrls are 

important as they are converted directly aad efficielltly 

into bacterial biomass which acte aR a food source to 

filter and deposit feed e rs (G a ll gha r, Pfeiff er and romeroy, 

1 976) . After this initial period of rapi d loss, l eoching 

becomes l ess important in the degradation process 

(Odum ct al. 1972) . 

PlJase II 

The more grad u&l slope usually represents microbial break­

down by bacteria and fungi of mode rately labile compounds 

and initial mechanical reduction by larger fauna, such as 

amphipodo and gastropods. 

The insignificant difference 1n losses between the Medium 

and Coarse mesh litt er ba gs , which contained animals, and 

the fallua-free Fine mesh bags suggests that the rol.e of 

insects, gastropods and amphipods in mechanical 

fragmen tation is not of major importance during the first 

seven months of decomposition. The ra t e of loss during 

the second phase can thus be attributed primarily to 

microbi al breakdown . Rate of decomposition may be 

underestimated as a result of litterbag exclusion of 

larger macerating agents ego cr~bs which have the effect 

of increasing microbial numbers and thus increasing 

breakdown (Heinle, Harris, Us tach and Fremer, 1977). 

The activities of microbial colonisers are limited by 

temperature, surface area of particles) 02 diffusion and 

availability of nutrients (Fenehel, 1972). In this study, 
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faster suremer dpcomposition rate . The small 5cusonn l 

variation between summer and wi nter rates , 
-1 · ·1 

0,0018 g g d 

and 0,0 0 :, (, g 
·· 1 -1 

g d respectively:; 1 S 

of tbe mild climate of t he SWRrt!' opa r eg ion (Chlpter 3.1). 

In Julys (nlid-willter) mud s u rfac:e te I~ pE ]:at ures as hig h JS 

19,9 0 C have b een r e corded. 

Bacterial and pr otozoa n action results in macera tion and 

breakdo~n of cellulose Dnd ligni n (G osse link and Kirby, 1974) 

The mic l:o -organisms mineralise so me of the ~ . altern i flo r8 

p h o t osynthate and r ele~se anot her p0rtion into the estu~rine 

wate rs as disso lv ed org ani c compounds (G es sncl~ a nd GODS, 1973; 

Gallagher et ~1:. ., 1976) . En e r gy i s derived fron 

detritus, and nitrogen and phosphorus are assimila ted from 

estuarine waters ( Ne we ll, 19 6 5; F e n c hel, 1972). The 

conversion of cell ulose into bacterial and pro tozoa n 

protoplasm, the incorporation of nitro ge n a?d pllosphorus , 

the conc en tration of trace elements such a s Mg, Mn, Zn, Mo 

by copropha gy effects and microbial activities (Kraeuter, 

1976 ) all have the effect of raising the nutritional value 

of detritus to a much h ig her statu s than that of the 

original pl ant mate rial. Incr eases in nitro sen content 

of S. alterniflora detritu s with time have b een re po r ted 

(Burkholder a nd Bor~side, 1 9 57; Teal, 19 62 ; Darnel l , 1967; 

Odum and de la Cru z , 1972; Squiers and Good, 1974) . 

In this stndy, d ecn mp os ing S . maritima litt e r showed an 

initial drop in nitrog e n content (T ab l e 7 . 2). The l oss 

of amino acids during leaching may account for this, as 

suggested by Hall, We imer and Lee (1970) for S. alterniflora. 

With time, S. maritima detritus increased in ni trogen 

content . After about eight months, th e nitr oge n value 

exceeded that of r ecen tly dead material (Tabl e 7 . 2). 

Nitrogen levels 1n Live material were not attained by 

detrital particl es , as ex pected from other studies 

(Teal, 1962 ; Odum and de la Cruz , 1967). It is probable 

that the series was not monitored for lon g enough . 

Alternatively, the fraction of particles associated with 

70% of bacterial activity ranges from 14-180 pm (Hanson 

and lVi e he, 19 7 7) . This putative nitrog en-ri c h fraction 

is lost thr o ugh the litterbag mesh a nd i s not accounted for. 



Stl1d '; ;:;s TE'quiring this le v el of d n j- ;"i 1 must therefore 

involve laborntory incubation mctll~ ds . of microbial study 

(H;~rriso ;:-l and I'lann, 197()). 

DCt .l ilC' :l ~;tlldjcs h<J.vc sh o 'i·rn th n t :Ittach c. d microflo~:.:l .:;nd 

raicro-o rga llisDlS on detri.1:us par tic le s are tIle actual 

food source for detritus consumers (NeHell s 

Darnell, 1967; Fenchel, 1970, 1912; Odum, 

1965; 

1971) It lS 

generally concluded that microfau n a such as amph ip ods play 

an insignificant role in chemic ~ l breakdown as detritus 

passes out undi g ested n ne! ljclep. ni~dll of all attach e d mic'(o-

organisms. Mechanical breakdo'ln~ however, by masti~ation 

into s.!lall.eT particles increa~es avail a ble surface area, 

resulting in greater recoloni~ation (hei nIe et al. 1977) 

Ph a se III 

This pllu se, cl1aracterised by the most eradual s1.ope, and 

thus the slowest rate of loss) is a manifestation cf a 

contintla tiol1 of the earlier mentioned processes acting on 

the .residual, r esista nt materials. Presumably, this s tlidy 

was not continued long enough for this s lower phase to be 

repres en ted in the decomposition curves. 

Lilterbag studies allow comparisons of break--down rates 

to be made in terms of decomposition half-life (t 05) , 
which is the time taken for SOl of litter to be de c raded 

(Louisi e r and Parkinson, 1976). Drcompositi.on ra l:es are 

difficult to compare where clim~te and mesh size var~ 
2 . . + 1 . Here, S. ~ar~ma to 5 ; - 7 montls for mesh Slze 1,5 , mm . 

Similar studies on S. alterniflora in .Georgia, gave 

to 5 --, 
1967) . 

study 

of 82 

6 

l ... a s 

for 

- 2 
months for mesh size of 2,5 mm (Odum and de la Cruz, 

The loss rate for the first month of the Georgia 

25%, Hhich was very mllch greater than the value 
2 

1 mm mesh size measures by Gessner and Goos (1973) 

However, to 5 for both studies was , 6 months. A standard -

isation of lnesh Slzes is essential before meaningful 

comparisons can be made. 

Only a faint trend was seen in animal succession in the 

litterbngs (Table 7.3). Earliest colonisers appear to be 

Anurida .!llaritima, folloued by species of Assiminea. 



7.4.2 

7.4.3 

lOS 

It 1. 8 Cl '2 Cl Y that [l C'onsi.der8.bly ;15 ghE:r num~)er of litt:=rbL G 

samples nre required b efore aS8~ .. ;ptions can be made atouL 

faunal Stlcccssion asSocial"ed with d~tritRl formation. 

Dai 1 y. i n.3 t an tane OliS rat e s 0 f de c0111po S i_~i.0n 

From the discussion and interpretation of the ~rowth curves) 

it is apparent that decomposition in the first 30 days i. 

the result of leaching and microbial breakdown. Thus 

instantaneous daiiy rates of decomposition, r
1

, calculat e d 

from monthly measures are a manifestation of Phase I and 

II mechanisrr.s. The significantly high correlation 

between decomposition, and estuarine and ambient temperatures 

indicate the direct relationship of microbial activity to 

temperature (Fig. 7.3). The finding is important as a 

predictive means of estimating decomposition rate from 

temperature data . 

MOllthly and annua] detritus production 

The full importance of the temperature-dependent nature 

of s. maritima decomposition is shown when monthly detritlls 

production is monitored (Fig. 7.5). This agrees with 

Tirner's (1976) review on North American studies that dead 

material turnover increases with increasing temperature. 

The seasonal variation is mostly a function of the 

instantaneous rate of decompos ition, as Dead bionlass is 

almost constant thr ough the year (Figs, 5.1 and 5 .2). 

Overall differences in detritus production at the different 

sites are attributable to the varying amounts of Dead 

biomass produced by the Live biomass present. Av erage 

production is highest for Tall S. maritima at the River 

Station, by virtue of its highest amount of Dead biomass. 

Although decomposition rates are high er, the average monthly 

production of detritus here is considerably smaller than 
-2 -1 

Georgian salt marshes with values of 198-113 g m month . 

The difference is probably attributable to the appreciably 

higher source of Live production of S. alterniflora 

(T able 6.8). 

At this point, it is stressed that the detritus particle 

i-lith its attached IIl oa d" of interacting micro""'organisms , 
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aJsorbe~ C GRp OUlld~ ~ n d l:rnC e el c:rellt s ~ and th e e f fects of 

masticat i. o ll, coprorl1~g y, an d recJcling on thl. p~rticlc 

forms Z! Jl ecosystem of its own . The complexities and 

processes are described by Darn0ll (19 6 7), Odum ( 1971), 

Pe nch e1 (1972), Odum and Heald ( J 075), Odum et "-.1. (1972 ) 

For si r;.' p 1 i cit y, t 1: e del r i t u 3 p a:!" tic 1 e ~ l a. s bee nco 11 sid [2 r c: J 

here as a single lluit. 

ProductioD of detritus represents the potential input 

of food resources to the estuarine ecosystem . The 

insta ntaneous decomposition rate fr om the marsh ~s a measure 

of the 1'a l:e at which grams of dead mate rial are entering 

the detritus food web. 

There is a discrepancy between Live Productio n and 

Detritus Production (Tables 6.7 and 7.4, respectively) 

Detritus production is about 62~ of Live production. 

Turner and Gosselink (1975) estimate that 25-50 % of organic 

mass o f S . alterniflora is lost just before culm death by 

translocation into the roots and leaching. 

Values of detritus production may be underestimates, 

resulting from the use of litterbags for rate measurements . 

Smalley (1959) estimated that 90% of aerial primary 

production of salt marsh plants enters the detritus food 

we b when the plants die. 

Ti,e time-lag between Live production and Dead production 

accounts for the discrepancy. The two processes obviously 

function at different rates during a monthly period. 

The significance of this time~lag will be discussed later. 

It is sufficient to say, that the instantaneous decomposition 

TRte is a measure of the rate at which grams of dead 

material are entering the detritus food web either through 

microbial growth, tidal harvest or incorporation into 

the soi l system (Rei mo ld ~ !'..~., 1975). This rate 

term was used in determining tIle potential detritus input 

to the estuarine system by S. maritima. 
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CHAPTER 8 

EXPORT OF S. MARITIMA M ATERI~L 

8.1 INTRODUCTION 

The importance of salt TIlarshes to estua ri ne and coastal 

waters in North temperate reglons is undisputed and well -

docu mented (Lagna, 19)5). Assumptions on the effect of 

salt marsh production on South African estuarine and 

coastal waLers has been based,largely on overseas findings. 

The only export study on a South African estuary i. that 

of Liptrot's (1978) on the Swartvlei estuary, which 

showed a minimal export of organic pa rti culate matter. 

TIlliS in order to assess the contribution of organic Qaterial 

from the S . maritima salt marsh stands to tile estuarine and 

hence coastal waters, tidal import and export was measured . 

This fulfils the requirements for understanding the 

importance of primary production to the estuarine ecosyst~rn 

( see Chapter 1.1 and Odum et al . 1972) . 

8.2 HETHODS 

Measurements were made on 2 separate occasions, one as an 

estimate of maximum, irregular tidal flushing at Equinoctial 

Spring Tid e , and the other to assess regular Spring Tide 

~laters . Tidal transport by the waters of Tippers Creek 

was selected for lo gis tic reasons. The sampl ing site 

was established near the confluence of the Cree k and the 

main Swartkops channel (Fi g. 3.4). The catchment area 

of the Creek covered by!. maritima was determined by 

planimetry from the vegetation map (See Fig. 4.1). 

At mean Neap tide, the morphometry of a transect across 

th e Creek channel (See Fig. 8.1) was surveyed and drawn 

to scale with the water level rel ative to the jetty. 

A system of nets was designed to trap particles floating 

and submerged in the tidal waters. A pole projected 

from the jetty, and suspended vertically by a weighted 

rope were three nets held at adjustable depths in the 
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chcnnel ( !.~ i g . 8.2). The nc~s ~cr ~ secured at different 

depths by means of brns s holts to ensure representativ e 

samplin g in t1le water column, wl!ich v a ried in height durin g 

the tid,,). cycle. A fourth n e t was suspended at ,~ater le ve l 

to sample floating particles. Nets of mesh size of 
2 1,5 mm were selected to trap P ; i ~ijcles ~orrcspon~ing to 

the lar gest litter bag mesh. The nets were in operation for 

15 minutes out of every hour for 6 hours of ebb and 6 hours 

of f lo~.;. Water levels relative to the jetty were recorded 

for calculation of the water transect width and Rrea for 

the appropriate stage in tidal cycle . Debris collected 

was wasl. ed off the nets and sorted into : Live and Dead 

fractions of S. maritima; other plant species; animal 

matter and unidentifiable detritus. Samples tJere dried, 

and potential energy, nitrogen composition and organic 

content determined (Chapter 5.2.3). The mass of imported 

and exported materials was calculated from the sum of 

t~ree samples collected hourly during tidal ebb and 

flow re ~pectivel y. 

Ma te~ial ( g) transported past study site per hour 

Floating material + Submerged material 

(Wx(4x n et width)x Nf x4) + (Ax(l,33) x H x 4) - s 

Where 1·)" 

(i. x net width) 

1, 33 

H 
s 

= 

width of Creek 1n meters , corrected 
for tidal height 

correction for net width into meters 

dry mass of surface sample 

conversion of 15 min sample to I h 

area of Creek i n square metres, 
corrected for tidal height 

co rr ection for area of 3 nets into 
meters 

dry mass of submerged sample 

( modified fram Liptrot, 1978 ) 

Net Import and Export were calculated as the difference 

b etween total import and export values. Total F-xpot't 

values divided by the catchment area gavB an estimate of 

contribution of S. maritima to estuarine waters. 
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8.3 RESULTS 

The S . maritima catcllm e nt area of Tippers Creel~ was calculated 
2 as 201993,75 m. De bris corried by tidal wat e rs included: 

Live a[! ~ Dead fractions o f S. mariti l:1!:.; leaves of Zoster a 

and some ~nter.omorpha sp . . The plant detritus was too 

mixed and decayed for more detailed sorting. Animal 

detritus consisted mainly of dec a ying crab and prawn 

exo-skeletons. 

The equinoctial sp ri ng cyc le res1llted 1n a Net Export of 

all materials while the regular Spring Tide cycle resulted 

in some Net import and some Net export (Table 8.1) . 

Contribution of S. maritima in terms of quality and 

quantity to Equinoctial Tidal waters and hen ce estuarine 

waters is given in Table 8.2. 

Acco r ding to catchment area 

S . mari tima per Equinoctial 

measures ~ total export of 
-2 

cycle is 6 26 dr y g m 

The earlier floods in May, and the resultant l oss of 

debris from the marshes may have resulted in an under-

estimation of "average" e quinoctial export . The figure 

thus can not be expressed as a half yearly estimate . 

8.4 DISCUSSION AND CONCLUSIONS 

Regular Spring Tides appear unimportant for tr anspor t of 
2 detritus > 1,5 mm from the source of production on the 

marsh to aquatic consumers (Tab l e 8.1). Even measurements 

on Equinoctial 

of particulate 

was negligibl e 

Spring Tidal waters showed that transport 
2 

matter )1,5 mm from the salt marshes 
- 2 only 6,26 dry g m in comparison to 

Live and Detritus production o f S. maritima (see Tables 6 . 7 

and 7.4 respectiv ely ). 

Marsh 

grasses probab l y contribute the l owest percentage of their 

net production to nearby bodies of wat e r, Irregular 

flooding results in long periods for microbial respiration 

on the marsh (OduP.1 ~ ~., 1972). Only 45% of aerial 

production of S . alterniflora was transport ed by estuarine 
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Fig . 8 . 1 Profil e of Tipp ers Creek at site of Export study. 
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Fig_~~ Diagram of equipment uS8d to measure import and 

export by tidal waters. 
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\\l .1lcrs I n C.:~or g ia (T~ ;ll, 19(2) Cll"' (: SJ/~ in a Louisi ~l n.;] 

marsh (G ellI ] ct 0.1., 1972). Spl:i ne Tide 

~lippr;rs Crc:ek, 9,5 le e) contrasts l....:·:th tran'Jptrt (C1 similar s~ze(. 

S. alte rnif lora Georgi ;ln salt m~r shes. Odum and d e 1a Cr'uz 

(1967) measured Spring Tidal QXp0r r s of 140 kg organic matt ., ," 

and 25 k; in a Neap Tide cycle from a 10-25 ha marsh area . nLso .. 
/ 

comparisons are not strictly valid considering the gross 

difference in growth form of the t'JO speci.es of Spartina. 

S. altel~niflor~ plants of up to 2 0 in height must give rls~ 

to high ~ r litter production. 

The lo w detrital particle losses indicate that spring tide 

removal of litter does not affect the accuracy of Dead 

biomass estimates greatly. 

Entire marsh "flushing '1 by estuarine waters occurs at 

lea st twice a ye a r as a result of Equinoctial tides and 

irregular flooding . Floating masses o f S. mariti~. litt er 

have been observed out in Algoa Bay as a result of high seos 

combined with Spring Tides and strong off-shore winds. 

Th e small amount of tidal transport and the irr egular 

nature of salt marsh contribution to estuarine and coastal 

wate rs ore sllggested h e re to have important consequ en ces . 

Theories have been proposed els e ~!h ere as stabilising 

strategies but are modified here to explain the findings 

of this study (Darnell, 1967; Odum, 1969). 

A strategy for stabilising the irregular supply of energy 

and nutrients lies in the nature of plant litter transported 

to coastal waters. Th e slow and highly involved recycling 

of decomposing organic material ensures a steady supply 

of food resources between the irregular supplies to the 

aquatic consumers in th e sea. 

It 1S obvious that dissolved organic compounds are lost to 

tidal waters. Also subparticu1ate matter is more readily 

transported by water currents to other areas than 

particulate matter. It is hypothesised that particulate 

organic d etritus stays on the marsh and is an important 

storage place for energy and nutrients which may be used 

locally (Darn ell,1967 ). In this way th e marsh i. a se lf -

per~etuating system, retaining nutrients for usc by primary 

producers. 



TABLE 8.1 

EQUINOX EXPORT 
TIDE IMPORT 

NET EXPORT 

SPRING EXPORT 
TIDE 

IMPORT 

NET IMPORT 

NET EXPORT 

IMPORT AND EXPORT IN TIPPERS CREEK BY EQUINOX AND SPRING TIDAL CYCLES 
(Expressed as dry mass in kg) 

ENTERONORPHA PLANT ---
S. MARITIMA Z. CAPENSIS A. PE,{ENNE T. BULBOSUM SP . D'lTRITUS - ---

LIVE DEAD 

742,031 527,436 24 ,6 37 3,329 1,306 0,063 20,551 

3,561 0,673 0,095 0,119 0,001 0 0,805 

738,470 526,762 25,542 3,209 1,305 0,063 19,7L,5 

0 5,108 5,310 0,006 0 0 0,049 

0 14,607 5,006 5,005 0 .0 0,260 

0 9,495 0 0 0 0 0,211 

0 0 0,303 0,001 0 0 0 

ANUl'lL -----
Dr".'f}U'l'US 
-----.-.--

4,958 

0, 00:) 
----

4 , :751 

0 

0, 430 

0,1,:;0 
----------_. 

0 

,-

"-
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TABLE 8 . 2 

ORGAl'qC CRUDE rOTF.]JI!!1 
DRY W.SS :-lA TERIAL PROTED ENERGY CONTENT 
-(j;:g-)- (kg) - (kG)- (J) 

Live 
1010 S. ma.ri tima 738,~7 666,83 59 , 96 1 , 2742303 x 

Dead 
1010 S . maritima 526,76 455,65 30,15 0,9035D31,f)60 x 

Total 
WlO S . maritima 1265 , 23 1122,1,8 90 , 12 2 , 1777337 x 
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GENERAL DISCUSSIO N AND COIICLUSIONS 

9.1 S . MART T T: iA AS A PR ll iARY PRODUC Erl 

Primary productivity is related to the plant's ability to 

transfor ~ available nutrients and solar energy into or g anic 

biomass (Odum, 1971) and is perhaps the most fundamental 

dimension of an ecosystem (Whittaker, 1970). 

Production of S. maritim~, as a function of biomass) showed 

local variation at Swartkops between Tall streamside and 

Medium height inl a nd shoots. The variation is definitely 

related to factors associated with tidal inundation 

(Fig. 4.2). Substrate nitrogen cannot be assumed as a 

limiting factor here (Chapter 4.4). The highc~ production 

of streamoide shoots, and the overall higher biomass of 

River shoots compared to Creek shoGts is possibly determined 

by variable l'enErgy subsidies!' afforded by tidal waters 

(Steever ICt ~., 1976 and Chapter 4.4) . In addition 

the general distribution of S. maritima is clearly associated 

"ith water levels (Fig. 4 .1). This is imporLant in 

estuarine management as restriction of the ti.dal 

prism will adversely affect s . maritima abundance and 

production (Odum, 1971; Steev~r et al. 1976) . 

The continual all year round growth of ! . maritima led to 

considerable difficulty in adapti~American methods of 

production measure to this study. Hardisky and Reimold 

(1977) are the only authors who have acknowledged this 

difficulty when measuring the production of !. patens 

growing in a region of mild seasonal change. The Swartkops 

study has emphasised the importance of measuring growth 

characteristics in order to understand the nature of 

S. maritima production. Almost all energy goes into 

leaf rather t h an stem production in contrast to energy 

partitioning in S. alterniflora (Chapter 5.4). 

Live production estimates, 
-2 -1 

601 g m y of S. maritima 

were lower than for other Spartina species (Table 6.8) 

and less efficient in the conversion of solar 
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I h 0 ugh t 11..... g E: n t: s 

Sp a:c..~~i n ~_ i:Cts a rc pllL atiun for high prccluC: L.ion (i':~cfe ) 197?) , 

all rep(;!~ts 

( t-1 ohbe rl ~y 

on S. Tnaritima st res ! 

195 6 ; 

its lack of vl. go ur 

Marchant and Goodman, 

1 9(9 ) . This casts doubt on the a s sumption by Ellis (1977), 

b ased on 3 natomical studies only, t hat S. maritima 11 8S a 

C
4 

photocynthetic pnthway. Sola r efficiencies calculated 

as ene r gy trapped by net producti.o n as a percentage of 

availab le radiation energy are uIlcier-estimates: as b e low­

ground pr od uction is ignored a nd sO are losses by 

re s pir at ion . Houever, comparison may be possible if 

si miJ.arly calcul.ated efficiencies are us eJ. Solar 

convcrsi.on efficiency of differ e nt species is d i fficult 

t o compa re as tllis pro pe rty is often influenced more by 

li fe-cycles of th e pl ant th a n the efficiency of its 

photosynthetic mechanism (W e stlake, 1963) . The marked 

groh1th of ~ . ~terniflo T: a during i ts s hort grotving season 

is difficult to compare with the continual growth of 

S. maritima throughout t he year . 

Tot a l live production of ~ . maritima in S~artkops estuary, 
- 1 

495611 6 kg yr gives an estimation of th e total am o unt 

of poten t iQl food (T BblQ 6.7), but undere s timat es uhole­

pl an l produc ti on by i g n ori n g rool and rhizome growth. 

Be low -ground production is extremely tedious to meas ure, 

and 1S considered relatively unimportant from an aqu at ic 

trop hi c standpoint, as much of it seem to go into subst r ate 

formation rather than estuarine food "eb s (Od.u m, ~ ~., 

1972) . Live production as a I1potential" food source is 

emphasised particularly in this study as littl e information 

exists on direct use of live shoots. From fie ld 

observations, the only live plant consumer noted was a 

member of the Miridae. As only eight spec im e n s ~ere 

seen in the one and a half years of study, their rol e as 

grazers was considered negligible. Less th an 5% of 

n et produ ct ion of S. alterniflora "as found to be grazed 

directly (Odum and Smalley, 1959). Detailed s tudies on 

lo cal fallna are es sential for confirmation of the 

assumption th at direct grazing is negligible. 



De t r i t 11 ~" ;; :. (l due t ion 

~stuary 

from Ji . maTi I ": r· .~. i 1.1 --_._--_ .. 
·-1 

Y tckc:.s int ~ ;-ccount th 0 

IlG 

forl.ntion 

rate of :.net t he amount of availabJ.L foo d (O(lum a!1d Hc:&. ld ) 

1975; Odum et ~., 1972 ; P.eimold et al. 1975) . 

A g.:li n, t h" v a 1 u c sob t.:l i ned h (c;: e (T.1 10 1 c 7. 4) aTe con sid e r " 10 .l )' 

lO',v2r than in North American studies . Detr itus production 
-? 

salt marsh "as 1845,8 g ill -from 
-1 

yr 

i1 Georgian ~. alterniflor 3. 

1975) . Obviously detr itu s production 

is a dirl2ct function or live production, e .plaining the 

discrepancies between local and overseas results. The 

difference betwe en S. ma ritima live production and detritus 

production~ however is very large. About 90% of aerial 

prOcitlction of ~. ~lter ni flora was calClllated RS entering tbe 

detritus food"eb (Smalley, 1959). Only 63% of annu al 

n e t produc.tion of ~. ~r~.E.ima appears to form detritus. but 

the discrepancy may be explained by the time-lag between 

the two processes. If both live production and detritus 

formation are expressed as rates for the same time 

interval, the slower process of decomposition will 

cause the difference in rate between live productioTl und 

detritus formation to appear g r eater than in reality. 

Though utilisation of live material may account for some 

lo s s of liv~ production, as well as translocation to roots 

before death, it is logi c~l to assume that matter 

produced ultimat ely becomes detritus or dissolved organic 

compo un ds. 

The contribution of S. maritima detritus ()l,5 mm 2 ) 

on the Swart kop s salt marshes to estua rine and coastal 
-2 waters was minimal, being 6 ,26 g m of marsh at equinoctial 

tides (Chapter 8.4) . This low percentage of tidal export 

of either live or detritus production on the marsh supports 

the theory that detritus plays a vital r o le in storing energy 

and nutrients on the marsh surface (Darnell, 1967; 

Fenc h el. > 1972). Furthermore , the retention of nutrients 

on the marsh by detritus is ben~ficial to overa l l marsh 

production by ensur ing that recycled nutrients are 

available to the prima r y producers (Mendelssohn and Marcellus 

1 976) . 

The formation of detritus is a highly complex process 

invo l ving several auto - and heterotrophic cycles. 
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predatie:l by protolo ~ ns and n C Qa~od c s on otller micro-

organJ..su~; 

r esulting in eve n greater microbial recolonisation, are 

just a few of the processes invo j.ved (Burkholder and 
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Bornside, 1957; 

Kracutcr, 1976) 

Darnell, 1967; Fenellcl, 1970; Hay , 197 /;, ; 

The associated ruicroflora and fauna and 

adsorbed Q): Banic compounds are the actual fc)od source of 

detritus fecdQra (Newell, 1965; Fench~l, 1970, 1972; 

Hetzel, 1977). F~nm the above, it is clear that detritus 

for~ation should not be re~arded simply as a link in 

energy rIOH. It is on the dc~ritus particle that 

nutrie.nts a r e recycled Bnd the primary r.>roduct " enr iched ': , 

A c:;"oser stu(ly of d8tritus, as the basis of the estuHr j np 

foodweb is warranted. Tlli.s is essential in order to 

\ !nderstar~cl the rol e of prim a ry production 111 estaarine 

ecosystCGs) and to answer the q uestion s , what part of Jud 

W}lere is pri mary production utilised? This study has 

shown clearly that product i on studies would be more effici e tlt 

1U terms of time and labour input, and informati,on gain, 

if the answers to these two questions are known before 

th~ iTlitiation of primary production stlldies. 

Howev er, within the requirements of the production 

~ 1) proacl1 to the Swartkops estuarine ecosystem, the 

essential processes which control primary production and 

which ultimately dictate the value 0f eac h plant species 

to the ecosystem are the amount of l eaf production, 

continual shoot mortality and the pulses of detritus 

e x port which are all species dependent (Hardisky and Reimold, 

1977) . 
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9 . 2 r:STU A R l : ~r E'COS YSTEH S_T!-~.l ·Lr]l 

Sdlt ma J-~ }las a ( 2 cite~ a s cl~~si~i~l examples of IJ i g llly 

stresseJ systemc with li tt ]. 8 hioJ0gic a l str uctur e and lo w 

d i v e r ~ j t~ (Nixon) Oviatt: Ga r ber 2 nd Lee, 1976). The 

l ow div ~rsit y o f p lant sp e cies, t ~l e few niches a nd biorna~ s 

r es tric ted by t idal re moval leads to broad t unrestricted 

food h~bits (Toal, 19 62) . Though the la tte r pllenom~non 

of tidal remov a l is not signific a nt in the Swartkops 

est uary ( Chapte r 8 . 4), the sim ilar ities in terms o f 

stres s ed conditions and low div er sity are c lose enotlgh to 

accept th e i dea of a wide detritus diet by second ary 

pr o ducers as a strategy for stability. 

Th e time-l ag between Liv e p rod uction and Detritus pro duction 

i s co nsid ered t o be anot her stabilising s trategy. In 

North Americ.a, primary pr oduc tion of ~ p a r-E~rla is sLrungly 

s easo nal. It is theorised that by l eve lling out the 

effects of temporal v ariation in primary productioLI and 

by reabsorption of dissolved nutrients, detritus is 

vitally i mpo rtant in stabilising the ecosystem (Odum a nd 

de l a Cruz, 1967; Odum, 19 7 1; Fenchel, 1972). 

The dang e r of blind e~tr a polation of overseas conc epts to 

our own estuaries becam e apparent In this study. 

Th e concept o f detritu s-stab ilised p r odu c tion is n ot 

applicable here as th ere is a continuum of plant production 

as a r esu lt o f the groHth patternof S. maritima, an d the 

mild climate. It is apparent that in N. America 

estuaries are fa r more i mportan t than in South Africa In 

terms of a rea alone (Ch apter 5.4, Turner,1916;Turner and 

Gosselink, 197 5). In addition, s. maritima is a lower 

pr od ucer compare d to the Am e rican species, S. alt ern i f lora . 

Furthermore, little is known about the exploitation of 

d e tritus by secondary producers. 

Transport of marsh detri t us from Swartkops marshes into 

th ese waters occurs in discrete suppli es during th e 

equinoxes a nd at the tim e of fl oods. Decompos ition of 

th e litter carried in th e se waters probably continu es 

at a slow r a te, dampening the discontinuity in supplies 

of energy a nd nutrient s and prolon g ing availab ilit y of 
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Th e f; ed t.:, j" "( i t 11 S 0- bas e. d l: t rat C' g i e s : '.l r s ta L i lit y fur t he r 

emph~si~e the import a Ilcc of a s rc ~ific cietritus study 111 

E COSYS TE ~ ~ 

The. ro l e of S. y..a_ri_ti"!flrl as a primary producer in the 

Swartkops cannot be fttlly evaluated until utili s ation of 

live and detrital material, by s e condary produce r s bas 

bee.n detcr ;n ined . The necessity for closer studies of 

detritus exploitation h a s been stressed abo ve. 
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The fact that S. maritima may be an exotic further complic&te s 

an evaluation of its role In the Swartkops estuary . The 

plant is apparently a highly successful coloniser and 

outcompetes Zostera capensi~ (~lacnae, 1956, 1957) In 

England, a similar situation is reported ~here 

S. t01.Jnsendii outcompe l es ~. nana. (Oliv er, 1925) 

Primary production of Zostera In highly important in overseas 

estuaries (Penhale, 1977) and 1n South Africa Z. 5'apensl s 

ha s been shown to play an important role in t he Sedgefield 

estuary (Li ptrot, 1978). Zostera production may be high e r 

than Sp~E.tina production, and the successful establishmC?nt 

of the exotic, in olltcompeting Zostera} may have had t he 

effect: of r educing primary production in the Swartkops 

estuary. However, production estimates alone are 

insufficient for evaluation of roles until nutrient 

cycling by the two plant and th e ir exploitation by 

secondary producers is known. Potential roles of 

S, marit.~ma , determined for S. alterniflora are 

involvement. in nutrient cycling as phosphorus "pumps" 

(R eimold and Daiber, 1970) and absorption of sewage 

pollut ion (Nixon and Oviatt, 1973b). The latter would 

prove particularly important inview of the urban and 

industrial surroundings of the Swartkops River. SubstI2te 

stabilisation has been found to be a function of Spartin~ 

on the Kow ie estuary (Lubke and Curtis, 1977). 

S. maritima appears to be a better buffer of erosion than 

Zoste~a in that Spartin~ stallds are unattractive to bait 
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digg£rs (pe rsonal observ ~t. ion). i. · :l1~ thQ_ J: r~o r c , ZostCl~': 

distrib uLion sho '.: s season al bella'.Y.LO u:c at S\.Jartkops , ~:llcri_':':'! ; 

Spartin ~ stands arc per e nnial, providing 31J-yeal"-rnund 

sU])H trat 0 stab il isation . 

9.4 EVALUATION OF PRODUCTION APPROACH TO ECOS YSTEM STUDIES 

The approach to ecosys tem studies, based on primary 

productivity and the energy flow pathways should be 

criticully evaluated. My cri ticisms of this approach 

gre th At an estimate of prod uction does not lead to 

greater understanding of the system. Th e resultant 

figure Dlay not wa rrant the effort involved. These 

thoughts are shRred by Orians (1974) who states that the 

producti0n and energy bud ge t approach to ecos ystem study has 

serious limitations impli cit in its goals and methods. 

Firstly, the dir ect answer to production studies in one 

system, cannot be extende~ to other ecosystems , except 

by repeating the laborious field work which was invested to 

obtain the first estimate. Secondly, the eff ects of 

selective agents, and more particularly) those of Man, 

and th o resultant changes are Dot recognised by this 

approach. 

Finally, the point made clear in this study and apFropriately 

stressed, was stated as early as 1961 by Odurn - a management 

system based on utilisation rather than production, is 

needed in orde r to avoid serious mistakes in conservation 

of estuarine ecosystems. 
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