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FiglLrc 3 . .\1can mOlllhly minimum and maximum air temperatures recorded at 1'0It 
Alfred weather station for 20()4 10 2006 (South African \\'cather Bureaul. 

RIET ESTUARY 

rhe Riel esl\mry (JJc'33'S, n"OO'F) is the smalle,l esl\lm-ythat wa, sampled in the sl\ldy. 

It LI approximalely 1.75 km in IJa\igablG lenglh wilh an approximate maximum channel 

widlh 01" 50 m (Table L Figure 4). The surl:1ce area of lhc eSluary i,l approxlInalcly 

8.94 ha, "hich incllLdes a floodplam and ~alllllarsh area of 4.5 ha. No prevlOlLs data Oll 

mouth condilions arC available for lhis sy~tcm. TIle calchmclll of the estuary [omisls 

maillly of llatural aglicultural lalld \lsed filr cattle gnl7.lllg. The est\lary is brgely 

supratidal alld only show·s tidal illfl\lellCe above the motllh when a deep channel is formed 

alter very heavy rainfalls. lZesidenlial hOlLsing de,elopmcnls cxist on the westen! bank 

oclwcen the moulh and the bridgc. Further developmcnts are plarmed on lhc agricullural 

land on thc Iowa ca,(cm bank. 
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Methods 
~-~-~---------

Figu re 4. Aeriol view of the ]{ iet e't\lJry cJtchmel1t and ~olUJry 

The estuary ,las divided into four regions for the purpo'e of this otudl" 

Region I stretched from the mouth 400 m up the e'tuJry (figur~ 7). Thi' re)pol1 was 

c.haraclerised by ~ saHmarlh on the western bank and housing developmel1t> and bwns 

reaching to the ,,·aters edge un the ea,;lern bank. The appro.\;matc surface area of this 

region wao 4 ha. 

I{egion 2 was approximately 5()() m H\ length "'ith a surface ~re~ of approximately 

4.19Ila. The eaSlern bank in this region was I~rgcly flJ! agricultUl-;J.11~l1d used for c~ule 

gmZlng. rhe nJ! western bank c.onsi,!ed or a saltm~rsll ~nd llu;xlplain. 

Region 3 ""oS approxi=tely 4()() m il1lel1gth wilh a surrace area ur(}.53 h~ m'.lts eastern 

bal1k cOl1,ioted of largely undlS!urbed ,alley bushvcld vegetJtlon. while the dirt road 
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figure), Aerial VICW ofthc East Kl~inem(lnde (upper) and We,t Klclllel11l1nde (lower) 
~olu"ri~5 . 

file estuary "IL~ di\ideJ mlO foor "'j,,"ons for UHS siudy. ReS,on 1 (Figure 7) reached 

fronl u:c mouih /ino 111 10 .he Imln lood bfld~c. [I cornl'ri~d an arc,l 01 appm:l.irualch 

7.5 h", Hou)ing de~elop~lent. jlank~'<.1Ilo!h b~n\.., ",ilh J.\WI1S rU'\nI!lll up tl) U,G "ala', 

~Jg~ , Hum~n 'liSt~rt>illl~e lhrO'Jgh boatin¥", ung hn )t and ,wi milling wa.1 11lgh e>1 In thIs 

regIon. 

R"!(lOn 1 w~s d~illll:llcd from !he !>ridS., to l.v km upstream. II had a wrlil~" ~ • .,.~ of 

~l'l'rox i lH;udy ~O,75 1\3, ot "hid Jrl'ro~il1"Ht:ly 18.0 ha eO!lsi~uxt or nooJl'lall~ Lhal 

"ere ulUndu4cd ",l1cn ""liter level> were high. The main "hunnd w~, I ~btl~ely wide in 

th" region, 
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Region 4 rq)r~"eml.J the llpper rcach.:.:s or the .y~\em wi ll! an inc rc~,i)\~.ly shall(m, rod y 

a ~ ,j ~arrow ch:mnd II !\;ld an ~pproxJJlI.l1~ ~urfJ«: ~re~ of 9.15 ha, a ma~imU\ll wiilll! of 

50 m nnd ,,'as 1.1( J.m in lel'glh. The oonlr.~ ,n Ihi; regIOn "cre steeper ~nd rockicr " jib a 

fe"" O\crlllU!;ing Iret, allhc far lOp. 

figure 6. Aerial \ , ~w (jrBir~ e~tu;lry and catduncm. 
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max width survey area catchment 

Riet -2 -50 48 

West Klcinemonde -7 -330 101.2 4x 94 

East Kleinemonde -3.5 -120 34.0 2x 46 

Bira -9 -300 116.3 13 x 106 255 

1 
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Methods 

Data analysis 

For analysis all recorded birds were divided into feeding guilds according to their feeding 

method and diet. The used guilds were pursuit-swimming piscivores (darters, cormorants, 

grebes), aerial-diving piscivores (kingfishers, terns, gulls, raptors), wading piscivores 

(herons, egrets, spoonbills, hamerkops), invertebrate-feeding waders (waders, ibises, 

thick-knees) and herbivores (ducks, geese, coots). 

The data were not normally distributed and non-parametric tests were used for analysis. 

The count data were summarised by mean number of individuals, season, month, time of 

day, feeding guild and activity. 

The percentage of birds of a feeding guild recorded for each activity was compared 

across seasons using Chi-square tests for independence. For this analysis the activities 

maintenance and resting (non-feeding related activities) and orientation and feeding 

(feeding related activities) were combined due to low sample sizes in the maintenance 

and orientation categories. 

Activity times were calculated to estimate the amount of time the individuals of a feeding 

guild spent carrying out each activity on the estuary. Activity times were calculated as the 

sum of the recorded number of birds of a species performing an activity divided by the 

maximum number of recorded individuals of that species, multiplied by 90 minutes, for 

each time period. 
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Methods 

RESULTS 

BIRD COMMUNITY COMPOSITION, DISTRIBUTION AND DYNAMICS 

Avifauna of the four estuaries 

Overall abundance 

Waterbird abundance varied greatly between the four sampled estuaries (Figure 8). 

The Riet estuary, the smallest of the four systems, had very low numbers of birds 

(Table 4, Figure 8) with the number of recorded birds ranging from eight to 22 

individuals per count. Abundance was lowest during the first two counts in December 

and then remained relatively stable for the remainder of the study period. The mean 

number of birds recorded was 15.8 (SD ± 3.3). The Riet estuary data were normally 

distributed (Kolmogorov-Smimov; d = 0.17, p > 0.05). The difference between the 

mean number of birds during the closed and open phase was not significant (ANOVA; 

LSD test; MS = 9.95; df= 20; p > 0.05). 
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Figure 8. Numbers of waterbirds recorded at the four studied estuaries (December 2005 to November 2006). Note the differences in scales. 

Methods 

33 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Results 

Bird abundance at the East Kleinemonde estuary ranged from 27 to 144 individuals, with 

a mean number of 78.1 (SD ± 29.0). Overall abundance was low at the beginning of the 

study period in December 2005 and early January 2006 (Figure 8). It then increased, 

reaching a peak on 10 February 2006, after which it decreased until 18 May 2006. The 

maximum number of birds was recorded immediately after the first breaching event (N = 

144) on 24 June 2006. The data were normally distributed (Kolmogorov-Smimov; d = 

0.07; P > 0.05) and there was no significant difference in mean bird numbers between 

open and closed estuary mouth conditions (ANOVA; LSD test; MS = 830.07; df = 32; P 

> 0.05). Immediately after the breaching of the mouth many dead fish were lying on the 

previously inundated floodplains at the West and East Kleinemonde estuaries. Many 

small fish were trapped in receding puddles and small pools of water. At the East 

Kleinemonde estuary 60 Reed Cormorants were recorded the day after the first breaching 

event roosting near the floodplain and wading piscivores such as Little Egret and Grey 

Heron were observed feeding in the puddles and small pools. 

The West Kleinemonde estuary had the highest number of birds with a mean of 368.3 

(SD ± 132.4) birds per count (Table 4). Bird numbers ranged from 153 to 606. Total 

waterbird abundance increased from the beginning of the study in December 2005 to 

June 2006 (Figure 8). It then decreased until the end of the study in November 2006. The 

data were normally distributed (Kolmogorov-Smimov; d = 0.11; P > 0.05) Overall bird 

abundance was significantly higher when the estuary mouth was closed. (ANOV A; LSD 

test; MS = 11230; df= 31; P < 0.001). 

The Bira estuary, a relatively large system, had a mean of 52.9 (SD ± 21.1) birds with 

numbers ranging from 23 to 99 individuals (Table 4). Total abundance was low during 

the closed phase from December 2005 to May 2006 (Figure 8). It then rose considerably 

once the mouth opened and except for one count with low abundance in July, remained 

high for the remainder of the study. The data were normally distributed (Kolmogorov­

Smimov; d = 0.12; P > 0.05). Numbers were considerably lower than at the West 

Kleinemonde estuary, despite the similar size of the systems. In contrast to the West 
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Results 

Kleinemonde estuary, at Bira bird numbers were generally higher when the estuary 

mouth was open. This difference in bird abundance between open and closed mouth 

conditions was highly significant (ANOV A; LSD test; MS = 246, df = 19; P < 0.001). 

Table 4. Mean bird numbers recorded at the four studied estuaries from December2005 
to November 2006. 

AU counts Closed mouth Open mouth 

Mean±SD Range Mean±SD Range Mean±SD Range p-level 

Riet 15.8 ± 3.3 8 - 22 14.6 ± 3.6 8-20 16.7 ± 2.8 12-22 n.s. 

West 
368.3 ± 132.4 153 - 606 429.0± 115.2 201-606 262.2 ± 86.6 153-380 <0.001 

Klcinemondc 

East 
78.1 ± 29.0 27 - 144 72.9 ± 29.4 27-127 84.7 ± 28.0 44-144 

Klcincmonde 
n.s. 

Bira 52.9 ± 21.8 23 - 99 35.3 ± 7.8 23-47 66.0 ± 19.5 29-99 <0.001 

The West Kleinemonde estuary had the highest density of waterbirds with a mean 

number of 3.6 birds per hectare (Table 5), followed by the East Kleinemonde estuary 

with 2.3 birds/ha. The small Riet estuary had a higher bird density (1.8 birds/ha) than the 

large Bira estuary which only had a mean number of 0.5 birds/ha. Estuary size was not 

correlated with bird densities. 

Table 5. Waterbird population densities recorded over the entire study and under open 
and closed estuary mouth conditions at the four sampled estuaries. 

Average density (nlha) ± SD 

Survey area (ha) All counts Closed Open 

Rict 8.94 1.8 ± 0.4 1.7 ± 0.4 1.9 ± 0.4 

West Klcincmonde 101.19 3.6 ± 1.3 4.2 ± 1.1 2.6 ±0.9 

East Kleinemonde 34.00 2.3 ± 1.0 2.1 ± 0.9 2.5 ±O.8 

Bira 116.25 0.5 ±0.2 0.3 ± 0.1 0.6 ± 0.2 
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Results 

Community composition 

Riet estuary had the lowest diversity of waterbirds with 25 recorded species from 13 

Families in four Orders (Table 6) and a Shannon's diversity index of 1.85 (Table 9). At 

Bira and East Kleinemonde estuaries a total of 38 and 37 species were recorded 

respectively. East Kleinemonde had the second lowest Shannon's diversity index (2.26). 

West Kleinemonde had the highest diversity of waterbirds and the highest Margalef's 

species richness score (4.l3) with a total of 55 recorded species from 18 Families in 5 

Orders. Bira estuary's Shannon diversity score was slightly higher (2.33) than that of the 

West Kleinemonde estuary (2.32). While the West Kleinemonde estuary had a higher 

species count and Margalef's species richness score than Bira estuary, the population 

there was dominated by a few species, namely Yellow-billed Duck and Reed Cormorant. 

Table 6. Taxonomic composition of the avifauna at the four sampled estuaries. 

East West 
Order Family Riet Kleine- Kleine- Bira 

monde monde 
Anseriformes Anatidae Ducks, geese 3 3 7 5 
Coraciiformes Alcedinidae Alcedinid kingfishers 1 2 2 2 

Dacelonidae Dacelonid kingfishers 2 2 2 2 
Gruiformes Rallidae Moorhens, coots 0 0 2 0 
Charadriiformes Scolopacidae Greenshanks, whimbrels, 

stints, sandpipers, ruff, 2 8 10 5 
turnstones 

Rostratulidae Painted-snipes 0 0 0 
Burhinidac Thick-knees 1 1 1 
Haematopodidae Oystercatchers 1 1 0 
Recurvirostridae Stilts 0 1 1 0 
Charadriidae Plovers, lapwings 3 5 6 6 
Laridae Gulls, terns 1 2 7 4 

Ciconiiformes Accipitridae Typical raptors, ospreys 1 1 2 1 
Podicipedidae Grebes I 1 I 1 
Anhingidae Darters 1 1 I I 
Phalacrocoracidae Cormorants 3 3 3 2 
Ardeidae Egrets, herons 5 5 4 4 
Scopidac Hamerkop 0 0 0 1 
Threskiornitidae Ibises, spoonbills 0 2 2 0 

Ciconiidae Storks 0 0 0 

Total number of species 25 38 54 35 
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Results 

Charadriiformes formed the largest Order at the East Kleinemonde (48.6% of recorded 

species), West Kleinemonde (51.9%) and Bira (50%) estuaries. Ciconiiformes was the 

largest Order at the Riet estuary (45.8%) (Table 6). 

An analysis according to diet showed that piscivorous bird species made up the largest 

group in terms of species diversity on all four estuaries (Table 7), followed by 

invertebrate-feeding species and finally herbivorous species. 

Table 7. Percentage of recorded species in a dietary guild. 

Piscivorous species Invertebrate-feeding species 
(%) (%) 

Riet 60.0 28.0 

West Kleinemonde 44.4 38.9 

East Kleinemonde 47.4 44.7 

Bira 51.4 34.3 

Herbivorous species 
(%) 

12.0 

16.7 

7.9 

14.3 

Piscivorous birds also dominated the avifauna in terms of abundance at Riet, West 

Kleinemonde and East Kleinemonde estuaries (Table 8). Only at Bira estuary was the 

proportion of recorded individuals that were invertebrate-feeding waders slightly higher 

than that of piscivores. 

Table 8. Percentage of all recorded individuals in a dietary guild. 

Riet 

West Kleinemonde 

East Kleinemonde 

Bira 

Piscivores (%) 

54.0 

62.3 

69.8 

41.2 

Invertebrate-feeders (%) 

31.3 

14.6 

25.7 

47.5 

Herbivores (%) 

14.7 

23.1 

4.5 

11.3 
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Table 9. Total number of recorded species, mean Margalefs species richness and mean 

Shannon diversity indices for the four sampled estuaries. 

Riet 

West Kleinemonde 

East Kleinemonde 

Bira 

No. of species 

25 

54 

38 

35 

Species richness (d) 

2.49 

4.13 

3.30 

3.55 

Species diversity (H') 

1.85 

2.32 

2.26 

2.33 

38 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Results 

Factors influencing community composition 

Influence of habitat on bird communities 

A multiple regression analysis of bird numbers under closed conditions with area of 

habitat types was significant for an feeding guilds (Table 10). Overhanging trees/rocks, 

exposed bank and unvegetated channel did not show any significant correlations with any 

feeding guild. Reedbeds showed a significant correlation with aerial-diving piscivores 

and herbivores, while shallow margins were correlated with aerial-diving and wading 

piscivores. The size of floodplain was correlated with all feeding guilds except aerial 

diving piscivores and vegetated channel was correlated with all guilds except wading 

PlSClvores. 

Estimated habitat sizes and corresponding feeding guild abundance are presented in 

Appendix II. 

39 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Results 

Table 10. Multiple regression results of mean bird numbers and habitat sizes under closed 
mouth conditions. ***: ~ < 0.00 1; **: ~ < 0.01; *: ~ < 0.05 

Regression coefficient (Beta) 

Over-
Unvege- Vege-

hanging Exposed Reed- Flood- Shallow Overall model Intercept 
treesl bank beds plain margins tated tated 

rocks channel channel 

Pursuit- adjusted R2 = 0.96 

swimming F(7,8) = 54.11 -1.03 0.09 -0.15 -0.03 0.34 -0.01 0.12 0.81 
** *** 

piscivores p <0.001 

adjusted R2 = 0.79 

Aerial-diving F(7,8) = 9.23 5.34 -0.05 -0.44 -0.51 0.17 0.54 -0.10 0.74 
waders ** ** * 

p < 0.01 

adjusted R2 = 0.92 

Wading F(7.8) = 24.6\ -2.32 0.12 -0.32 0.12 1.08 0.42 0.14 -0.28 
piscivores *** ** 

p < 0.001 

adjusted R2 = 0.93 

Invertebrate- F(7,8) = 31.15 1.68 0.00 0.13 -0.03 1.30 0.11 0.01 -0.60 
feeding wader *** ** 

p < 0.001 

adjusted R2 = 0.99 

Herbivores F(? .8) = 284.70 2.06 -0.03 0.03 -0.16 1.07 0.05 -0.06 -0.15 
*** *** * 

P <0.001 

Influence of mouth condition on community composition 

None of the estuary mouths opened during the first five summer months (December 2005 

to April 2006) of the study period. All mouths were however open in the next summer 

month of November 2006. Since only 1 - 2 counts per estuary were conducted in 

November 2006, and all other sampling dates on open mouth conditions fell within the 

winter months, the comparison between open and closed mouth conditions was largely a 

within-winter issue. Details of the mouth dynamics during the study are provided in 

Appendix III. 
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Chi2 tests of independence revealed that feeding guild composition was significantly 

different under open and closed estuary mouth conditions on all four estuaries (Table 11). 

Table 11. Chi-Square test of independence results for feeding guild distribution under 
open and closed mouth conditions (degrees of freedom = 4). 

Riet West Kleinemonde East Kleinemonde Bira 

57.1 495.6 36.3 67.6 

p-value < 0.001 < 0.001 < 0.001 < 0.001 

At Riet estuary aerial-diving piscivores formed the majority of the bird population under 

closed mouth conditions, followed by invertebrate-feeding waders (Figure 9). Pursuit­

swimming piscivores and herbivores were largely absent when the mouth was closed, 

while wading piscivores occurred in low numbers. Under open estuary mouth conditions 

the proportion of birds that were pursuit-swimming piscivores and herbivores increased 

considerably. 

At West Kleinemonde estuary the bird community was dominated by pursuit-swimming 

piscivores and herbivores under closed mouth conditions. Under open conditions pursuit­

swimming piscivores also formed the largest group, followed by invertebrate-feeding 

waders (Figure 9). The proportion of herbivores, wading piscivores and aerial-diving 

piscivores decreased substantially when the estuary mouth was open. 

While the change in feeding guild composition was still significant at East Kleinemonde 

estuary, it was not as pronounced as on the other estuaries (Table 11, Figure 9). The 

proportion of wading piscivores and herbivores was greater when the estuary mouth was 

closed than when it was open. 

At Bira estuary the avifauna was dominated by invertebrate-feeding waders and aerial­

diving piscivores under closed and open mouth conditions. Pursuit-swimming piscivores 
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were virtually absent (single record of African Darter) when the estuary was closed to the 

sea, but cormorants, darters and grebes were present when the estuary mouth was open. 

ANOVAs testing for differences in the mean number of birds of a feeding guild recorded 

under open and closed mouth conditions varied considerably from estuary to estuary 

(Figure 9). Aerial-diving and pursuit-swimming piscivores, such as kingfishers and 

cormorants decreased significantly at Riet estuary under an open mouth state, while they 

increased significantly at Bira. There were no significant changes in mean numbers of 

these groups at East and West Kleinemonde estuaries with changes in mouth state. 

Wading piscivores such as herons and egrets decreased significantly at West 

Kleinemonde estuary but increased at Bira. They showed no significant change in mean 

numbers at Riet and East Kleinemonde estuaries (Figure 9). There was no significant 

change in mean invertebrate-feeding wader numbers at any of the four estuaries (Figure 

9). The mean number of recorded herbivorous waterfowl increased on all estuaries except 

the West Kleinemonde, where it showed a significant decrease. The increase in waterfowl 

at Bira was however not significant (Figure 9). 
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Table 12. Comparison of changes in Shannon-diversity and species composition from 
the closed to open mouth state at the four sampled estuaries. 

Riet 

West Kleinemonde 

East Kleinemonde 

Bira 

Shannon's diversity index (H') Species composition 
T-test 

increase (p < 0.01) 

increase (p < 0.05) 

increase (p < 0.0 I) 

increase (n.s.) 

p < 0.001 

P < 0.05 

P < 0.001 

p < 0.01 

The SIMPER routine showed that at Riet estuary 52% of the dissimilarity between closed 

and open mouth conditions was accounted for by six species. These were Pied Kingfisher 

(19%), Yellow-billed Duck (7%), Three-banded Plover (7%), Blacksmith Lapwing (7%), 

Common Sandpiper (6%) and South African Shelduck (6%). Pied Kingfisher, which was 

much more abundant when the estuary was closed (Mean closed = 6.6; Mean open = 2.8) 

is a piscivorous aerial-diving species, while three of the other five species were 

invertebrate-feeding waders and two herbivorous waterfowl. Pursuit-swimming 

piscivores accounted for a combined total of 11 % of the dissimilarity. 

At the West Kleinemonde estuary 52% of the dissimilarity in species composition 

between open and closed mouth state was accounted for by five species. Reed Cormorant 

contributed 21 % to the dissimilarity, followed by Yellow-billed Duck (17%), African 

Spoonbill (5%), Common Tern (5%) and Curlew Sandpiper (4%). Only Curlew 

Sandpiper, an invertebrate-feeding wader, increased its mean abundance from the closed 

(Mean = 6.0) to the open mouth state (Mean = 13.0), while the other four species 

decreased in abundance. Wading piscivores contributed a combined 11% to the 

dissimilarity. Overall the difference in species composition was therefore due to a 

decrease in Reed Cormorant, Yellow-billed Duck and several species of wading 

piscivores. 
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At the East Kleinemonde estuary 54% of the dissimilarity between open and closed 

conditions was also accounted for by six species, but all of these differed from Riet 

estuary: Reed Cormorant (14 %), African Spoonbill (12%), Great Egret (10%). Water 

Thick-knee (6%), Grey Heron (6%) and Little Egret (6%). Except for Reed Cormorant all 

of these species are wading piscivores. The greatest change was that of African Spoonbill 

which had a mean abundance of 1.0 when the mouth was closed which increased to ] 1.9 

when the mouth was open. Water Thick-knees and Grey Heron also had a higher 

abundance when the mouth was open. However, Great Egret's and Little Egret's mean 

abundance was lower when the mouth was open. 

50% of the dissimilarity between open and closed mouth at the Bira estuary was 

accounted for by 6 species. These were Common Greenshank, White-fronted Plover, 

Yellow-billed Duck, Three-banded Plover, Pied Kingfisher and Water Thick-knee. Their 

respective contributions to this dissimilarity were more evenly distributed and ranged 

from 6% (Water Thick-knee) to 10% (Common Greenshank). All of these species except 

for Common Greenshank were more abundant under open than under closed mouth 

conditions. 
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Figure 10. Similarity dendrogram of species composition under closed and open estuary 
mouth conditions at the Riet estuary. 
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Figure 11. A two dimensional MDS (multi-dimensional scaling) plot of bird count data 
under closed and open estuary mouth conditions at the Riet estuary. 
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Figure 12. Similarity dendrogram of species composition under closed and open mouth 
conditions at the West Kleinemonde estuary. 
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Figure 13. A two dimensional MDS plot of bird count data under closed and open mouth 
conditions at the West Kleinemonde estuary. 
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Figure 14. Similarity dendrogram of species composition under closed and open estuary 
mouth conditions at the East Kleinemonde estuary. 
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Figure 15. A two dimensional MDS plot of the East Kleinemonde estuary bird count data 
under closed and open estuary mouth conditions. 

48 



Univ
ers

ity
 of

 C
ap

e T
ow

n

• closed -1 o open 

-

-

I I 
20 40 

I 
r--

---1 

r-- ~ 
-

L-...j 

I 
60 

Bray·Curtis Similarity 

I 
80 

I 

Results 

.1/3012006 

.1/21/2006 

.3/3012006 
07/4/2006 
010/6/2006 
09/9/2006 
011/10/2006 
.3/7/2006 
.2/13/2006 
.2/6/2006 
.9/2/2006 
.1/1812006 
.5/1/2006 
05/3012006 
05/28/2006 
06/112006 
05/31/2006 
06/512006 
05/29/2006 
08/612006 
05/26/2006 

100 

Figure 16. Similarity dendrogram of species composition under closed and open estuary 
mouth conditions at the Bira estuary. 
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Figure 17. A two dimensional MDS plot of bird count data at the Bira estuary under 
closed and open mouth conditions. 
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Figure 18. A two dimensional MDS plot of the combined bird count data from all four 
estuaries under open and closed mouth conditions. 

When combining the data from all estuaries and applying a similarity analysis, the West 

Kleinemonde estuary data under open and closed conditions separated away from the 

other estuaries and mouth conditions (Figure 12 & Figure 13). There was also a 

separation of the Riet estuary from the other systems, however the stress on this analysis 

is relatively high and the results should be considered with caution. 

An ANOSIM analysis showed that the separation between rivers was more significant 

(R = 0.83; P < 0.01) than the separation between mouth states (R = 0.36; P < 0.01). 

Estuary was therefore more important in determining species composition than mouth 

state. Each estuary had a distinct community composition. 
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Figure 19. Similarity dendrogram of species composition under open and closed mouth 
conditions at Riet, East Kleinemonde, West Kleinemonde and Bira estuaries. 
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Water level and abundance offeeding guilds at East Kleinemonde estuary 

There was a significant positive correlation between water level and the number of 

pursuit-swimming piscivores recorded under closed estuary mouth conditions 

(r2 = 0.1264; p < 0.05; Figure 20). However, the correlation was weak and no 

correlations were found between water level and pursuit-swimming piscivores under 

open conditions. 
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Figure 20. Relationship between pursuit-swimming piscivore numbers and water 
level at East Kleinemonde estuary under closed mouth conditions. 

Overall, wading Plsclvore numbers decreased significantly with increasing water 

levels (r2= 0.16; p < 0.01, Figure 21). Under closed estuary mouth conditions (Figure 

22) wading piscivore numbers peaked at water levels between 1.4 m and 1.7 m. 
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Figure 21. Relationship between wading piscivore numbers and water level at East 
Kleinemonde estuary. 
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Figure 22. Relationship between wading piscivore numbers and water level at East 
Kleinemonde estuary under closed estuary mouth conditions. 

South African resident waders, such as Black-winged Stilts, Water Thick-knees and 

White-fronted Plovers were more abundant in the winter months (Mean = 13.3 ± 9.9) 

than in the summer months (Mean = 6.8 ± 4.9) and their numbers decreased with 

increasing water levels (Figure 23). When separating the data by season a significant 

correlation (? = 0.20; p < 0.005) was found between water level and number of 

recorded individuals in the winter months. The correlation between water level and 

abundance was not significant in the summer months (r2 = 0.11; P > 0.05). 
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Figure 23. Relationship between resident wader numbers and water level at East 
Kleinemonde estuary in the winter months. 

Aerial-diving piscivores such as kingfishers, terns and raptors showed a significant 

decrease in numbers with increasing water levels (r2 = 0.19; p < 0.001; Figure 24). 
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Figure 24. Relationship between aerial-diving piscivore numbers and water level at 
East Kleinemonde estuary. 
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Spatial distribution of birds 

The highest abundance of birds at the Riet estuary was recorded in regions 1 and 2 

(Figure 25), while the density of birds was lowest in these regions. These are the areas 

that include the floodplain and they were larger in size than regions 3 and 4. 

Herbivores were most abundant in the floodplain area of region 2, while aerial-diving 

piscivores and invertebrate-feeding waders were most common around the mouth 

region of the estuary. Wading piscivores were most abundant in region 3. 

At the West Kleinemonde estuary bird densities were highest in region 4 which was 

the smallest region in size. The highest overall abundance of birds was found in 

region 3 of the estuary which is the area of the large floodplains (Figure 25). The 

majority of birds in region 3 were herbivorous waterfowL Region 2 attracted large 

numbers of pursuit-swimming piscivores, mainly Reed Cormorant that fed in the wide 

and deep channel and roosted on the banks of this region. Region 1, which is flanked 

on both banks by housing developments, showed an overall low abundance of birds, 

as did the upper reaches of the estuary. In region 4 most recorded birds were pursuit­

swimming piscivores, especially White-breasted Cormorants and African Darters. 
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Figure 25. Mean bird densities and numbers in the different regions ofthe four studied 
estuaries. 
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At the East Kleinemonde estuary overall bird abundance was highest in region 2 of 

the estuary which encompasses a large floodplain and saltmarsh area. This region also 

had the highest bird density (Figure 25). The majority of birds in region 2 were 

wading piscivores, specifically Grey Heron, Great Egret, Little Egret and African 

Spoonbills. The majority of birds found in region 1, below the main road bridge, were 

invertebrate-feeding waders. Aerial-diving piscivores were most common in region 3, 

which is characterised by a wide and relatively shallow channel. 

Bira estuary showed a more even distribution of birds along the estuary than the other 

estuaries (Figure 25). Most birds were recorded in region 1, below the bridge and the 

majority of these were invertebrate-feeding waders, specifically Water Thick-knees 

and White-fronted Plovers. The lowest abundance was recorded in region 3, an area 

with flat sandy banks, a wide and relatively shallow channel and no overhanging 

vegetation on its banks. Densities were highest in region 4, which was also the 

smallest area (Figure 25). Aerial-diving piscivores were distributed along the Bira 

estuary relatively evenly, while wading piscivores preferred region 1. Herbivores 

were not found in region 1, and were recorded in highest numbers in the top reaches 

(region 4). The majority of pursuit-swimming piscivores were found in the deep and 

wide channel of region 2. 

Abundance of different species 

Pied Kingfisher was the most abundant bird species (Table 13) at Riet and Bira 

estuaries where overall bird abundance was lowest (Table 4). Pied Kingfisher 

accounted for 27.3% of all birds at Riet estuary and 13.2% at Bira. The most abundant 

species at the East Kleinemonde estuary were Reed Cormorant (13.4% of birds) and 

Pied Kingfisher (10.8%, Table 13). At the West Kleinemonde estuary Reed 

Cormorant was also the most abundant species (28.9%), followed by Yellow-billed 

Duck (16.4%). 
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Table 13. Descriptive statistics of bird count results conducted on the four sampled 
estuaries between December 2005 and November 2006. The most abundant species is 
highlighted for each estuary. 

Riet West Kleinemonde East Kleinemonde Bira 
Species Mean±SD Range Mean±SD Range Mean±SD Ranl!;e Mean±SD 
African Darter 0.1 ± 0.35 0- 1 2.6 ± 3.13 0- 13 17.9 ± 12.54 0-48 1.2 ± 1.86 
African Fish Eagle 0.2 ± 0.53 0-2 0.3 ± 0.59 0-2 1.7±1.08 0-4 0.8 ± 0.81 
African Oystercatcher 0.4 ± 1.71 0-8 0.1 ± 0.50 0-2 0.5 ± 1.00 0-4 
African Spoonbill 5.8 ± 8.22 0-33 15.2± 18.75 0-59 
Black Stork 0.3 ± 0.89 0-4 
Blacksmith Lapwing 1.6 ± 1.22 0-4 2.1 ± 1.8 0-9 6.5 ± 2.89 0-12 2.2 ± 1.12 
Black-winged Stilt 0.1 ± 0.48 0-2 4.5 ± 4.49 0-19 
Cape Cormorant 0.1 ± 0.29 0-1 1.0 ± 1.67 0-6 1.7 ± 2.85 0-14 
Cape Shoveller 0.0±0.17 0- 1 
Cape Teal 0.6 ± 1.17 0-5 
Caspian Tern 0.0 ± 0.21 0-1 0.5 ± 0.71 0-3 0.9 ± 1.34 0-6 0.5 ± 0.68 
Common Greenshank 0.1 ± 0.47 0-2 2.3 ± 3.38 0- J3 9.4 ± 9.56 0-44 5.1 ± 5.01 
Common Moorhen 0.2 ± OJ6 0- 1 
Common Ringed Plover 0.2 ± 0.63 0-3 3.3 ± 10.93 0-49 0.4 ± 0.87 
Common Sandpiper 0.5 ±0.91 0-3 1.4 ± 1.46 0-6 0.8 ± 1.08 0-4 2.0 ± 2.75 
Common Tern 0.1 ± 0.38 0-2 14.833.27 0-146 0.2 ± 0.4 
Curlew Sandpiper 2.4 ± 7.65 0-34 9.1 ± 14.34 0-54 0.2 ± 1.09 
Egyptian Goose 0.7±0.95 0-2 0.8 ± 1.27 0-4 6.5 ±4.28 0- 13 OJ ± 0.73 
Giant Kingfisher 0.7 ± 0.65 0-2 1.1 ± 0.78 0-3 1.8 ± 1.50 0-5 I.l ± 1.28 
Goliath Heron O.O± 0.21 0- I 0.0±0.17 0- 1 0.8 ± 0.60 
Great Egret 0.2 ± 0.39 0-1 5.9 ± 7.03 0-24 7.0±7.15 0-15 
Great CrestedTern 0.2 ± 0.89 0-5 
Greater Painted-snipe 0.0±0.17 0- 1 
Grey Heron 0.6 ± 0.85 0-3 8.4 ± 5.08 0-23 9.1 ± 5.36 1-24 2.6 ± 2.06 
Grey Plover 0.2 ± 0.66 0-3 0.3 ± 0.73 
Grey-headed Gull 0.1 ± 0.24 0-1 
Half-collared Kingfisher 0.6 ± 0.58 0-2 0.7 ± 1.09 0-4 2.2 ± 2.38 0-8 1.3 ± 1.59 
Hamerkop 0.5 ± 0.98 
Kelp Gull 1.3 ± 1.30 0-5 6.3 ± 9.61 0-41 0.8 ± 0.87 
Kittlitz's Plover 0.1 ± 0.34 0-2 0.1 ± 0.38 0-2 0.1 ±0.44 
Little Egret 0.3 ± 0.72 0-3 4.9 ±6.00 0-29 11.2 ± 17.79 0-72 1.1 ± 1.30 
Little Grebe 0.4 ± 0.73 0-2 0.3 ± 1.14 0-6 3.2±4.14 0-16 0.3 ± 0.58 
Little Stint 0.2 ±0.86 0-4 
Little Tern 4.5 ± 12.12 0-61 0.0 ± 0.22 
Malachite Kingfisher 0.1 ± 0.44 0-2 0.4 ± 0.61 0-2 0.3 ± 0.46 
Marsh Sandpiper 0.1±0.28 0-1 0.0±O.l7 0-1 
Osprey O.O± 0.17 0- I 
Pied Kingfisher 4.3 ± 2.44 I - 11 8.5 ± 3.47 0-16 11.8±5.ll 1 - 23 6.1 ± 3.74 
Purple Heron 0.2 ± 0.48 0-2 0.0±0.17 0-1 0.0 ± 0.22 
Red-billed Duck 7.9 ± 7.33 0-33 0.2±0.6 
Red-knobbed Coot O.O± 0.17 0-1 
Reed Cormorant 0.6 ± 0.91 0 10.4 ± 14.84 0-60 104.1 ± 64.83 0-289 2.0 ± 2.56 
Ruddy Turnstone 0.5 ± 2.62 0- 15 
Ruff 0.1±0.70 0-4 8.1 ± 19.88 0-83 
Sacred Ibis 0.9± 1.54 0-6 2.5 ± 5.26 0-6 
Sanderling 0.2 ± 0.S4 0-4 0.7 ± 2.21 0-7 0.2 ± 0.54 
Sandwich Tern 0.5 ± 2.31 0-13 
South African Shelduck 0.7 ±1.16 0-4 0.7 ± 1.09 0-4 10.6 + 8.11 0-32 0.6 ± 0.93 
Three-banded Plover 1.0 ± 1.17 0-4 1.6±2.31 0-9 1.5 ± 2.25 0-7 5.0 ± 3.13 
Water Thick-knee 0.8 ± 0.92 0-3 6.9 ± 5.15 0-19 0.4 ± 1.09 0-5 2.3 ± 3.65 
Whimbre1 0.2 ± 0.64 0-3 0.1 ± 0.48 
White-breasted Cormorant 0.1 ± 0.35 0- I 2.2 ± 5.36 0-29 14.2 ± 12.99 0-52 1.l±3.31 
White-fronted Plover 0.5 ± 0.91 0-3 1.3 ± 2.94 0-14 2.9±3.9J 0-17 5.1 ±4.34 
Wood Sandpiper 0.1 ± 0.36 0-1 2.3 ± 3.25 0-14 
Yellow-billed Duck 0.9± 1.23 0-4 2.0 ± 3.67 0- IS 59.2 ± 64.59 0-233 3.9 ± 9.64 
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Frequency of occurrence of different species 

There was no definite common pattern in distribution stability within feeding guilds. 

However, invertebrate-feeding waders tended to be less stable in terms of their 

occurrence than other feeding guilds. Eleven of 20 species of invertebrate-feeding 

waders were recorded on less than 25% of occasions on all four estuaries, while this 

was only the case for 5 out of 12 species of aerial-diving piscivores and for 3 of 9 

species of herbivores and 3 of 9 wading piscivores (Table 15). Only one species (Pied 

Kingfisher) occurred on more than 75% of observations on all four estuaries. Five 

species occurred on more than 50% of observations on all estuaries. These were three 

aerial-diving piscivore species, one invertebrate-feeding wader and one wading 

piscivore. 

All four estuaries had a high proportion of rarely recorded specIes « 25% of 

occasions,Table 14). The West Kleinemonde estuary showed the highest proportion 

of regularly recorded species (31.5%) but also the lowest proportion of occasionally 

recorded species (9.3%). The proportion of frequently recorded species ranged from 

13 - 20% on an estuaries. 

Table 14. Summary of frequency of occurrence of species at the four sampled 
estuaries. Regular: > 75% of occasions. Frequent: 50-74.9% of occasions. 
Occasional: 25-49.9% of occasions. Rare: < 25% of occasions 

Regular Frequent Occasional Rare 
Total 

% % °/0 °/0 number of 
species species species species 

s2ecies 

Riet 4.0 4 16.0 9 36.0 11 44.0 25 
West 

17 31.5 9 16.7 5 9.3 23 42.6 54 
Kleinemonde 
East 

8 21.1 5 13.2 11 28.9 14 36.8 38 
Kleinemonde 

Bira 6 17.1 7 20.0 10 28.6 10 28.6 35 
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Table 15, Frequency of CK:currence as a percentage ofloral observations. 
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ACTIVITY PATTERNS OF WATERBIRDS AT THE EAST KLEINEMONDE 

ESTUARY 

The estuary mouth was closed to the sea on 27 sampling days and open on 12 days. 

Large overwashing events took place on two count days while small overwashings 

occurred on five count days. 

Wading piscivores were the most numerous group making up 62.7% of all recorded 

individuals (Table 16), followed by pursuit-swimming piscivores (23%). Invertebrate­

feeding waders, aerial-diving piscivores and herbivores (7%, 4% and 3% respectively) 

only contributed 14% to the total number of recorded individuals. 

Table 16. Summary of bird count results from June 2004 to May 2005 at the East 

Median±SE Mean±SD % of total 

Pursuit-swimming piscivores O± 0.1 1.7 ± 4.5 0-42 23 

Aerial-diving piscivores O±O.O 0.3 ± 1.0 0-18 4 

Wading piscivores 1 ± 0.3 4.7 ± ILl 0-106 63 

Invertebrate-feeding waders o ± 0.1 0.5 ±2.3 0-34 7 

Herbivores O± 0.0 0.3 ± 1.0 0-11 3 

All birds o ± 0.1 1.5 ± 5.7 0-106 100 

Overall, 70% of all birds were resting, followed by feeding birds (15%). 11 % of birds 

were performing maintenance and only 4% were recorded in the orientation category. 

The predominant use of the estuary was for resting by wading piscivores which made 

up 50% of aU records. The second most important use was as a roost site for pursuit­

swimming piscivores (16%). In general, the estuary was used more for non-feeding 

(resting & maintenance) than for feeding purposes (feeding & orientation), with 

maintenance and resting making up 81 % of all records (Table 17). 
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Table 17. Summary of activity counts for feeding guilds at the East Kleinemonde 

Mean Median Standard error Range %of 
total 

Pursuit-swimming piscivores 

Resting 4.6 1 0.4 0-42 66.7 

Maintenance 0.2 0 0 0-4 2.9 

Feeding 0.8 0 0.1 0-32 11.6 

Orientation 1.3 0 0.2 0-23 18.8 

Aerial-diving piscivores 

Resting 0.3 0 0.1 0-18 27.3 

Maintenance 0.2 0 0 0-4 18.2 

Feeding 0.6 0 0.1 0-18 54.5 

Orientation 0 0 0 0-2 0.0 

Wading piscivores 

Resting 14.7 9 0.9 0-106 79.9 

Maintenance 0.4 0 0.1 0-30 2.2 

Feeding 1.5 1 0.2 0-61 8.2 

Orientation 1.8 0 0.2 0-28 9.8 

Invertebrate-feeding waders 

Resting 0.6 0 0.1 0-30 31.6 

Maintenance 0.1 0 0 0-5 5.3 

Feeding 1.1 0 0.2 0-34 57.9 

Orientation 0.1 0 0 0-5 5.3 

Herbivores 

Resting 0.2 0 0 0-8 20 

Maintenance 0.3 0 31 0-11 30 

Feeding 0.4 0 0.1 0-11 40 

Orientation 0.1 0 0 0-4 10 
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Seasonal trends 

Bird numbers were significantly higher in summer than in winter (Mann-Whitney U 

test; p < 0.001, z = 7.79, U = 6961597). While the average number of birds 

performing feeding, orientation and maintenance activities decreased significantly 

from winter to summer this was outweighed by a highly significant increase of resting 

wading piscivores from winter to summer (Table 18, Table 19). A heronry was 

established on the estuary at the end of winter and a number of Great Egret, Black­

headed Heron and Grey Heron bred there successfully. These birds mainly utilised the 

survey area for nesting and roosting but went elsewhere to feed. 

Table 18. Mann-Whitney U test results for changes in average bird numbers between 
summer and winter months. (+/-) indicates an increase/decrease from winter to 
summer. 

swimming diving 
Wading Invertebrate-

Herbivores All birds 
2iscivores 2iscivores 

piscivores feeders 

Resting n.s. n.s. p < 0.01 (+) p<O.Ol (-) P < 0.05 (-) P < 0.001 (+) 

Feeding p<O.Ol (-) n.s. n.s. n.s. p<O.OOl (-) p < 0.001 (-) 

Orientation p<O.Ol (-) p<O.Ol (-) n.s. n.s. p < 0.05 (-) p < 0.001 (-) 

Maintenance p < 0.05 (-) n.s. n.s. p < 0.01 (-) n.s. p < 0.001 (-) 

Pursuit-swimming and wading piscivores recorded on the estuary spent the majority 

of their time in resting and maintenance activities in both seasons (Figure 27), while 

aerial-diving piscivores and herbivores spent most of their time at the estuary in 

feeding and orientation activities in summer and winter. Invertebrate-feeding waders 

spent 85% of their time in feeding and orientation activities in winter but this 

decreased to 50% in summer. 
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A Chi-Square te.t of independcnce for each fccJin~ ~ll ild soo\\'ed th~t there was a 

~ignific~nt dl ff.:1"L'ftcC In \he ,iis\ribution (ir r~e(ling ;tnd non-f ~ed, Ill! ~CI1" lies between 

~ummer and ",nll'r lor all fn'<iing guild, e'Cl'P! aerial diving r!$C; ,(ln.'~ (Table 19) 
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Table 19. The average number of birds recorded in summer (Nov - Mar) and winter 
(AEr - Oct). Chi2 tests were done to comEare summer and winter ratios. 

Pursuit- Aerial-
Wading 

Invertebrate-
SUMMER swimming diving feeding Herbivores Total 

piscivores piscivores 
piscivores 

waders 

Resting 1.9 0.3 22.0 0.2 0.1 24.5 

Maintenance 0.4 0.0 2.6 0.0 0.0 3.0 

Feeding 1.2 0.7 2.0 1.0 0.1 8.0 

Orientation 0.1 0.1 0.6 0.0 0.2 1.0 

Total 3.6 1.1 27.2 1.2 0.4 36.5 

WINTER 

Resting 8.1 0.4 5.4 1.2 0.3 15.4 

Maintenance 2.5 0.0 0.7 0.3 0.1 3.6 

Feeding 1.7 0.6 0.9 l.3 0.9 5.4 

Orientation 0.4 0.3 0.2 0.1 0.5 1.5 

Total 12.7 l.3 7.2 2.9 1.8 25.9 

Che value 19.2 0.2 31.8 89.8 18.2 

p-value < 0.001 n.s < 0.001 < 0.001 < 0.001 

Daily trends 

Mean bird abundance was lower during the first and last count of the day than during 

the day in summer and winter (Figure 28), indicating that many birds probably did not 

use the study area for overnight roosting. They could however be utilising other 

regions of the estuary at night. There was no significant difference between count 

numbers in summer (Kruskal-Wallis test; H = 9.7; df: 9; N = 4480; P > 0.05), but the 

difference between counts was significant in winter (Kruskal Wallis test; H = 17.2; df: 

9; N = 3460; p < 0.05). 
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In summer mean pursuit-swimming, aerial-diving and wading PlSClvore numbers 

increased after sunrise (Figure 29). In winter there was an increase in mean pursuit­

sWlmmmg PlSClvore, wading piscivore and invertebrate-feeding wader abundance 

after sunrise. 

Changes in abundance over the course of the day were significant in summer only for 

pursuit-swimming piscivores. In winter, mean pursuit-swimming piscivore, aerial­

diving piscivore and herbivore abundance changed significantly over the course of the 

day (Table 20). 

Table 20. Chi2 test results of changes in feeding guild abundance over time of day. 
Degrees of freedom 9 (summer) and 8 (winter). 

SUMMER WINTER 

Chi2 p-value Chi2 p-value 

Pursuit-swimming piscivores 24.0 <0.01 48.7 < 0.001 

Aerial-diving piscivores 11.6 n.s. 17.5 <0.05 

Wading piscivores 4.7 n.s. 3.9 n.s. 

Invertebrate-feeding waders 10.6 n.s. 11.5 n.s. 

Herbivores 4.4 n.s. 20.0 <0.05 

The proportion of orientation activities was highest at sunrise when birds were 

observed flying into the survey area, and lowest in the middle of the day (Figure 30) 

when the proportion of birds resting was highest. The percentage of birds observed 

performing maintenance activities remained relatively stable. Feeding activity was 

lowest 7.5 h after sunrise. 
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Activity times 

The activity time results give an estimate of the amount of time the average bird 

spends on the estuary on an average day performing the different activities. 

Overall waterbirds at East Kleinemonde estuary spent the majority of their day with 

resting activities, followed by feeding, maintenance and orientation. 

In winter on average more time was spent on the estuary per day by waterbirds than in 

summer. This increase was significant for all activity groups (Table 21). 

Table 21. Estimated mean daily activity times (minutes per individual spent with an 
activity) at East Kleinemonde estuary in summer and winter months during daylight 
hours. 

TOTAL SUMMER WINTER Mann-Whitney 
Mean± 

Range Mean±SD Range Mean±SD Range U test SD 

Resting 
156.5 ± 

0-654 150.4 ± 190.0 0-654 163.1 ± 139.1 0-578 P <0.05 167.3 

Maintenance 
28.5 ± 

0-210 23.9 ± 40.7 0-144 33.6 ± 46.9 0-210 P < 0.05 43.9 

Feeding 
78.2± 

0-450 73.1 ± 90.9 0-450 83.7 ± 63.3 0-315 P < 0.01 78.9 

Orientation 
25.1 ± 

0-180 17.9 ± 35.5 0-180 33.1 ± 38.5 0-180 P < 0.01 37.6 

Pursuit-swimming piscivores spent significantly more time at the estuary per day in 

winter than in summer (Table 22, Figure 31). This increase was due to significant 

increases in orientation and feeding activities in winter. The increase in time spent 

with resting and maintenance activities was not significant. 

Overall, aerial-diving piscivores did not increase their time spent at the estuary 

significantly from summer to winter (Table 22). There was however a significant 

increase in orientation time in winter. 

Wading piscivores spent the most amount of time on the estuary per day out of an 

feeding guilds in summer, as weB as in winter and the majority of this time was spent 
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resting (Figure 31). In summer resting and maintenance time was significantly higher 

than in winter (Table 22) but the decrease in time spent at the estuary per day from 

summer to winter was not significant. 

Invertebrate-feeding waders significantly increased time spent at the estuary from 

summer to winter. Increases in resting and maintenance activities in winter were also 

significant (Table 22). 

Herbivores also spent significantly more time at the estuary in winter than in summer. 

Increases in resting, feeding and orientation activities were significant (Table 22). 

Table 22. Mann-Whitne~ U test results between summer and winter activit~ times. 
Pursuit- Aerial-

Wading 
Invertebrate-

swimming diving feeding Herbivores 
piscivores piscivores 

Piscivores 
waders 

Resting n.s n.s. p < 0.01 P < 0.01 P < 0.05 

Maintenance n.s n.s. p < 0.01 p < 0.01 n.s. 

Feeding p < 0.01 n.s. n.s. n.s p < 0.001 

Orientation p < 0.001 P < 0.01 n.s. n.s. p < 0.05 

All activities p < 0.001 n.s. n.s. p < 0.001 P < 0.001 
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DISCUSSION 

Very limited information exists on bird communities in intermittently open estuaries and 

it is thus difficult to make any predictions on how they are affected when changes in their 

environment take place. Urbanisation and industrial development pose a threat to the 

health of estuaries in South Africa. Also, increasing retention of freshwater by dams for 

domestic, industrial and agricultural purposes causes the frequency and duration of mouth 

opening events to decrease (Reddering & Rust 1990, Whitfield 1992, Cooper et al. 1999). 

It is therefore important to have baseline information on how future management 

decisions will influence the avifauna. Since bird numbers on intermittently open estuaries 

are very low compared to large permanently open systems statistical analysis is very 

difficult. These systems have therefore been largely ignored by researchers in the past, 

despite their potential collective importance in terms of habitat for South African coastal 

birds. 

How does habitat structure influence community composition? 

Habitat diversity within and between wetland systems is known to influence waterbird 

diversity (Brock et al. 1999), as different species can occupy more niches in a diverse 

mosaic habitat (Perrings et al. 1992, Gray 1997). As mentioned above, each estuary had a 

distinct bird community composition. The results of this study indicate that habitat 

structure is a major factor in determining the community composition of intermittently 

open estuaries, through effects on the abundance of different feeding guilds. 

Floodplain habitat had the strongest influence on bird abundance. The West Kleinemonde 

estuary, which had the highest abundance and diversity of birds also had the largest area 

of floodplain. In addition, the channel was vegetated with submerged macrophytes, which 

was the habitat that correlated with bird abundance the second strongest. By contrast, the 

Bira estuary which had the lowest abundance and density of birds, had no visible 
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submerged macrophyte growth in its channel and also only a small area of floodplain 

habitat. The East Kleinemonde estuary had the second most diverse and dense bird 

community and also had a relatively large floodplain area. While submerged macrophyte 

growth in the channel was low, wading and aerial-diving piscivores were attracted by the 

shallow margin habitat, which covered a large portion of the estuary. 

Pursuit-swimming piscivores abundance was strongly correlated with vegetated channel 

habitat and was also correlated with floodplain habitat. The most abundant pursuit­

swimming piscivore species was Reed Cormorant, which prefers to fish in water 30 - 200 

cm deep (Whitfield & Blaber 1979b). Possibly the concentration of prey fish is higher in 

waters with submerged macrophytes as they provide shelter and refuge. 

Aerial-diving piscivores showed the weakest overall relationship to habitat (adjusted R2 = 

0.79). Many of these species (for example terns and gulls) can feed over the entire water 

surface area and are therefore less reliant on the availability of specific habitat types. Prey 

availability possibly plays a greater role in this feeding guild. 

Wading piscivores were strongly correlated with floodplain habitat and less strongly with 

shallow margins, both habitats in which they are able to feed. Wading piscivores have a 

maximum wading depth (Whitfield & Blaber 1979a) and this result was therefore 

expected. 

Invertebrate-feeding waders were most strongly correlated with floodplain habitat. Water 

levels in the floodplains on the studied estuaries varied greatly, so that very shallow water 

and margins provided a suitable feeding ground for these species. It is interesting to note 

that they were not correlated with exposed banks, which are relatively unproductive in 

these largely non-tidal systems. 

Herbivorous waterfowl correlated strongly with reedbeds and floodplain habitat, but also 

with vegetated channel. Since waterfowl are reliant on macrophyte and other plants for 
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feeding this was also an expected result. The floodplain in the West Kleinemonde estuary 

in which most waterfowl occurred was well vegetated and reedbeds provide shelter. 

How do breaching events and mouth condition affect the avifauna of IOEs? 

As the estuary mouth breaches and water levels drop, communities of plants and animals 

colonising the substratum can be exposed (Perissinotto et al. 2000). Fish and 

invertebrates can be stranded on floodplains and immigration of fish and invertebrates 

into remnant pools occurs, providing highly concentrated feeding opportunities for 

waterbirds (Kushlan 1976). The increase in bird numbers immediately following 

breaching events on the Riet, East Kleinemonde and Bira estuaries demonstrates that 

birds are initially attracted to intermittently open estuaries following mouth breachings 

and utilise these highly unpredictable events as feeding opportunities. 

However, bird numbers decreased immediately following the first breaching event at the 

West Kleinemonde estuary, and decreased further as the estuary mouth remained open. 

The West Kleinemonde estuary has large areas of floodplains which were inundated 

when the estuary mouth was closed and water levels were high. Macrophyte cover was 

visibly high during the closed phase of the study as the estuary had been closed to the sea 

for an extended period of time before the beginning of the study. Herbivorous waterfowl 

such as Yellow-billed Duck and Red-billed Duck favour feeding in the littoral zone 

where aquatic vegetation is closest to the surface and thus easily accessible (Whitfield & 

Cyrus 1978), while wading piscivores such as Grey Heron and Great Egret hunt for prey 

in shallow waters ofa maximum depth (Kushlan 1976). These feeding guilds were 

attracted to the floodplains of the West Kleinemonde estuary in high numbers during the 

closed phase. As the estuary mouth opened these floodplains drained within a very short 

period oftime and a large area of wading and feeding habitat was lost. Herbivorous 

waterfowl and pursuit-swimming and wading piscivores departed. The tidal influence 

was low at the West Kleinemonde estuary and water levels were extremely low, even at 

low tide, so that the water surface area of the system was greatly reduced. Thus, the 
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initial influx of birds which was recorded at the other three studied estuaries was 

outweighed by the loss of available feeding habitat on this estuary. The overall high 

abundance and density of birds (3.6 birdslha) at the West Kleinemonde estuary can 

therefore be attributed to the extensive floodplains found in this system. As no other 

water bodies in the area are known of by local bird watchers in which waterfowl occur in 

similar numbers (A. Williams, pers. comm.), the West Kleinemonde estuary could 

potentially be of regional importance for herbivorous waterfowL 

At Bira estuary a strong initial influx of birds was recorded when the mouth opened, and 

bird numbers then dropped again but settled at a higher level than when the mouth was 

closed. Bira estuary showed a high tidal influence reaching approximately 10 km up the 

estuary, and water levels remained relatively high at high tide. The drop in water levels 

and tidal influence at Bira could have led to an increase in available wading habitat for 

birds with a maximum wading depth, such as egrets and herons, as deeper areas in the 

channel became shallower. The strong tidal influence is also likely to be the reason that 

pursuit-swimming piscivores were attracted to the estuary after the mouth opened, as a 

narrower channel leads to a higher concentration of fish, making it easier to hunt 

underwater. 

While there was a sharp initial influx of birds at the East Kleinemonde estuary, bird 

abundance dropped thereafter to a similar level as when the estuary mouth was closed. 

While there was a loss of floodplain wading habitat after the opening, this did not affect 

overall abundance. The floodplain, which lacks significant pans, did not attract the large 

numbers recorded at the adjacent West Kleinemonde and so this loss of wading habitat 

did not seem to have made an impression on overall numbers. In addition a heronry of 

Great Egret and Grey Heron was in use near the road during the opening events and this 

obviously kept wading piscivores from leaving the area. They were observed flying in 

and out to feed, but remained at the estuary to breed as they had the previous summer. 
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Waterbird abundance did not increase significantly when the mouth opened at the Riet 

estuary. This differed from the other systems in that when it opened to the sea, no deep 

channel was formed at the mouth and tidal influence was minimal, because the system 

was more perched. The water level dropped only slightly, with water trickling out at the 

mouth at a rate probably similar to water running in from the top. Most of the exposed 

sandbanks became supra-tidal rather than inter-tidal, which causes the food items of 

waders (small shallow-burrowing invertebrates) to desiccate (Perissinotto et al. 2004). 

Only a limited intertidal area was therefore available for invertebrate-feeding waders and 

wading piscivores to utilise as a feeding ground. Since the water level did not change 

substantially after opening, there was no drastic changes in habitat available to 

waterbirds. 

This study demonstrates that responses to mouth opening events are highly variable and 

differ from system to system. The key factor which influences the abundance of birds in 

these systems is how habitat availability changes with changes in mouth condition. Birds 

are highly mobile organisms and are attracted to estuaries for a variety of reasons. 

Seasonal migration patterns, food availability, lack of disturbance, as well as habitat 

availability all playa role (Ntiamoa-Baidu et al. 2000). The occurrence of birds on a 

system are likely to be influenced by conditions elsewhere as well as conditions on the 

estuary itself. Piscivorous birds, waterfowl and wader numbers increased abruptly and 

significantly on the Oosterschelde estuary after the artificial closure of the adjacent 

Grevelingen estuary (Doornbos 1984, Lambeck et al. 1989, Slob 1989). 

The results indicate that each estuary has a distinct avifaunal community, which is related 

to the unique morphology and habitat composition of each estuary, which was therefore 

investigated further. Also, species compositions at one estuary under open and closed 

conditions resemble one another more closely than species compositions of the same 

mouth condition at different estuaries. Species composition and feeding guild 

composition changed significantly from the closed to the open mouth state, and two 

distinct communities were found at each estuary. There was a shift from a piscivore 
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dominated community to a more diverse community with an increased proportion of 

invertebrate feeding waders at the Riet, West Kleinemonde and East Kleinemonde 

estuaries. Only at Bira were more piscivores attracted to the estuary under open 

conditions, which can be attributed to the prevailing geomorphological conditions and 

greater fish recruitment arising from a prolonged marine connection. While a significant 

change in species composition still took place when the mouth opened, diversity was not 

increased significantly. Generally however the intermittently open estuarine (IOE) 

avifauna is a piscivore dominated community, which changes towards the type of 

community typical of permanently open estuaries when the mouth opens. If an increase in 

open mouth phase duration takes place it can be expected that the typical IOE avifauna 

will be replaced. It is unknown to what degree waterbirds, particularly piscivores rely on 

intermittently open estuaries as feeding and roosting grounds and where they move if 

conditions become unfavourable. 

How does the bird community respond to changes in water level? 

Water level fluctuations affect available feeding habitat as well as prey availability and 

species exhibit different responses to changes in water level (Kushlan 1976, Kushlan 

1986, Dimalexis & Pyrovetsi 1997). The correlations found between water level and 

bird abundance at the East Kleinemonde estuary highlight that different feeding groups 

respond in different ways to changing water levels. An increase in water level at the 

estuary increased available diving habitat and led to an increase in pursuit-swimming 

piscivores. Wading piscivore numbers peaked at a water level between 1.4 and 1.7 m 

above mean sea level which leads to the conclusion that wading habitat was maximised at 

this water depth. Resident invertebrate-feeding waders also exhibited a decrease in 

numbers with increasing water levels, as the water became too deep for them to wade in. 

Aerial-diving piscivores also declined when water levels increased above a threshold of 
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approximately 1.6 m above mean sea level. Prey concentration possibly was reduced too 

much when water levels were too high and easier fishing conditions could have prevailed 

at other nearby estuaries. Overall these correlations were not very strong due to the high 

variability in numbers and the multitude of factors influencing abundance, such as 

weather conditions at the site and elsewhere and seasonal migration patterns. 

How do densities of birds on intermittently open estuaries compare with other types of 

estuaries? 

Overall waterbird densities ranged from 0.46 birdslha at the Bira estuary to 3.64 birds/ha 

at the West Kleinemonde estuary. Few analyses of total waterbird densities on South 

African estuaries exist (Hockey & Turpie 1999a), with many studies focussing only on 

invertebrate-feeding waders (Martin & Baird 1987, Hockey et al. 1992). Large 

permanently open systems generally have higher waterbird densities than the 

intermittently open systems studied here. Martin & Baird (1987) recorded 11.5 birdslha 

on Swartkops estuary, while Smits (1981) found densities of 8.5 birdslha on the Wadden 

Sea in Europe. At Langebaan Lagoon high densities (15.9 birds/ha) were recorded in 

summer of which the large majority (14.7 birdslha) were waders, with densities dropping 

to 4.5 birdslha in winter (Underhill 1987), due to the departure of migrating waders. 

Martin et al. (2000) recorded 2.7 birdslha at Knysna estuary, a large estuarine bay, but 

attribute this relatively low abundance to high levels of recreational disturbance and low 

availability of macro benthic invertebrates. The high bird densities in permanently open 

systems are largely due to high numbers of invertebrate-feeding waders that utilise these 

systems, especially in the summer months (Martin & Baird 1987, Underhill 1987, Martin 

et ai. 2000). Invertebrate-feeding wader numbers did not increase significantly during 

open mouth phases at the intermittently open estuaries in this study. However, the estuary 

mouths were all closed during the majority of the summer months and were only open in 

October and November and therefore unlikely to attract many summer migrants. 

Moreover, resident intertidal-feeding waders were not attracted by open mouth conditions 

and seem to prefer the more stable and predictable environment of permanently open 
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estuaries and shoreline habitats. Small intermittently open estuaries therefore probably do 

not play an important role for intertidal-feeding waders. 

The avifauna of all four studied systems was dominated by piscivorous resident (non­

migrating) species. Despite the low densities of birds recorded in this study, compared to 

permanently open estuaries mentioned above, IOEs collectively provide a large area of 

feeding, roosting and breeding habitat for piscivorous birds in South Africa. The degree 

to which they rely on these habitats requires further investigation. 

For what primary use do birds utilise intermittently open estuaries? 

The East Kleinemonde estuary was used more for non-feeding than for feeding purposes. 

Aerial-diving piscivores, invertebrate-feeding waders and herbivores present at the East 

Kleinemonde estuary spent the majority of their time with foraging activities, while 

wading piscivores and pursuit-swimming piscivores spent the majority of their time with 

roosting and maintenance. It has been shown that foraging time is inversely related to 

body size in marine, shore and estuarine birds (Pearson 1968, Engelmoer et ai. 1984, 

Zwarts et al. 1990, Ntiamoa-Baidu et al. 1998) and that foraging time is also related to 

feeding guild in waterbirds (Ntiamoa-Baidu et at. 1998). The pursuit-swimming 

piscivores and wading piscivores at the East Kleinemonde estuary were generally much 

larger in body mass than members of the other three guilds. In addition, these guilds were 

often observed flying from their roosting sites towards the adjacent West Kleinemonde 

estuary. This in combination with the relative decrease in energy expenditure with 

increase in body mass can explain the difference in foraging times between feeding 

guilds. 

A heronry was established at the East Kleinemonde estuary in 2005. It was in use during 

the summer months of the study period. It was situated on the western bank adjacent to 

the northern side of the main road bridge. Black-headed Heron, Grey Heron and Great 

Egret successfully bred there during the study. Reed Cormorant, African Darter and Little 
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Egret also used the heronry for roosting but did not nest there. Breeding birds were often 

observed returning from the West Kleinemonde estuary and regurgitating food for their 

young. Many ofthe roosting birds also flew from the heronry across to the West 

Kleinemonde estuary in the mornings, returning in the afternoons. Many birds therefore 

used the East Kleinemonde estuary for breeding and roosting but fed elsewhere. The 

presence of this heronry possibly confounded some results of this study to some degree, 

but it also highlights the importance of these systems for non-feeding related activities. 

Many studies make inferences from bird abundance to the amount of biomass removed 

from a system (Cowley 1998, Beamish 2002, Brown 2003, Terorde 2005), but the 

findings of this study suggest that this approach can overestimate consumption rates. The 

majority of birds utilised the East Kleinemonde estuary primarily for roosting purposes 

during the day. Due to the small size of most IOEs, birds move frequently between 

adjacent systems to feed and roost and it is thus difficult to estimate the amount of 

biomass removed without including an analysis of time spent at the estuary. 

Many waterbirds, especially intertidal-feeding waders, have clear feeding patterns in tidal 

estuaries (Hockey & Turpie 1999a). However, piscivorous birds do not show a distinctive 

pattern in foraging activity over the course of the day as they can feed independent of the 

tides (Whitfield & Blaber 1978, Whitfield & Blaber 1979a, Whitfield & Blaber 1979b, 

Hockey & Turpie 1999a). In this study the proportion of birds feeding showed a flat 

pattern over the course of the day, probably due to the absence of a tidal regime and the 

fact that piscivorous species dominated the community. 
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CONCLUSIONS 

This study has shown that habitat structure plays the most important role in determining 

bird community composition in intermittently open estuaries. Water levels influence bird 

abundance by changing habitat availability. It has demonstrated that changes in mouth 

state influence avian community composition and diversity. Breaching events attract 

waterbirds and provide feeding opportunities. Intermittently open estuaries are important 

habitats for waterbirds not only for foraging but also for roosting. 

While diversity increased when the mouth of the studied estuaries opened, speCIes 

composition also changed. An increase in mouth opening events could therefore lead to 

the distinct intermittently open estuarine avifauna being replaced by communities 

resembling those ofpermanentiy open estuaries. 

In order to make informed management decisions about particular IOEs baseline 

information as provided by this study needs to be gathered for individual estuaries. This 

study has demonstrated that variation between estuaries is great in terms of bird 

abundance and responses to changes in environmental variables. Therefore we need 

information not just on system size, geographic location and mouth condition, but more 

detailed information on the ichthyofauna, bathymetry, vegetation, habitat diversity and 

tidal influence of the estuary to predict how prey and habitat availability will change in 

future scenarios. Since the perched intermittently open estuaries of KwaZulu-Natal differ 

from warm-temperate estuaries in having extensive reedbeds and oligohaline conditions 

for much of the year, a comparative study between these two types would be of value. 

More comprehensive studies over a wider geographic region are necessary to establish 

how important intermittently open estuaries are collectively for waterbirds in South 

Africa and to what degree birds depend on the health and integrity of these systems, both 

in terms of food and habitat availability. For this it is important to understand movements 

between these systems and other wetlands to establish their degree of dependence on 

intermittently open estuaries. 
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The possibility of using estuarine avifaunal community structure as an indicator for 

estuarine health should be explored further. This study has shown that there is no typical 

species composition characteristic of intermittently open estuaries in general, but that 

each estuary has a distinct avifaunal community influenced by a variety of factors. To 

enable us to make predictions about the impact of future developments on the health of 

estuaries, it is necessary to know their natural state and how global and regional changes 

in the environment affect these systems. Therefore, long term monitoring studies should 

be conducted that document the changes in diversity, abundance and community structure 

that arise naturally as well as of a result of anthropogenic influences. 

While this study has contributed to the understanding of population dynamics of 

waterbirds in intermittently open estuaries in a small region of the Eastern Cape of South 

Africa, much information is still needed to fully understand and protect the estuarine 

avifauna in South Africa. 
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APPENDICES 

Appendix I. Sampling days at the Riet (R), East Kleinemonde (E), West Kleinemonde (W) and Bira (B) estuaries November 2005 to 

December 2006. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

Dec 05 E R W E 

Jan 06 R E E W B R B E W E 

Feb OS R E/W R W B B RlE B W 

Mar 06 E B W E R EM 

Apr 06 E W E R/W 

May OS B E W E WIB RIB 

Jun 06 RIB RIB E/W R E E 

JulOS RIB E W R W 

Aug 06 E EM RlEIWIB EIW EIW E/W EIW E W W W 

SepOS R E B W E W 

OetOS EIW B R W E 

Nov 06 R E WIB E W 

100 

29 30 31 

W 

R B 

B 

RIB RIB 
RIB 

W 

E 
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Appendix H. Habitat sizes and feeding guild abundance in the different regions of the four studies estuaries. 

Mean number of birds Estimated area covered (m2
) 

Pursuit- Aerial-
Inverte- Over-

Estuary Region swimming diving Wading brate Herbi hanging Exposed 
Reedbeds 

Vegetated Shallow unvegetated vegetated 

piscivores piscivores piscivores feeding vores trees I bank floodplain margins channel channel 
waders rocks 

1 0.0 2.2 0.4 2.1 0.0 0.0 2000.0 2000.0 16000.0 4000.0 8000.0 8000.0 

2 0.1 1.8 0.7 2.1 0.0 837.5 1256.3 4187.5 25125.0 418.8 5025.0 5025.0 
Riet 

3 0.0 2.4 0.2 0.8 0.2 lO56.0 264.0 528.0 0.0 528.0 1584.0 1320.0 

4 0.0 1.3 0.1 0.4 0.0 1125.0 112.5 0.0 0.0 225.0 675.0 112.5 

1 3.4 15.9 0.9 1.8 3.9 0.0 7500.0 0.0 0.0 37500.0 7500.0 22500.0 

West 2 75.0 13.7 14.7 6.1 23.1 12225.0 40750.0 4075.0 146700.0 40750.0 0.0 163000.0 

Kleinemonde 3 69.7 19.2 43.7 38.7 89.7 4856.3 19425.0 0.0 339937.5 24281.3 0.0 97125.0 

4 19.8 8.2 2.0 1.0 0.7 8750.0 2187.5 437.5 0.0 2187.5 13125.0 17062.5 

1 0.4 1.0 0.4 6.3 0.0 4375.0 21875.0 2625.0 0.0 21875.0 21875.0 14875.0 

East 2 5.1 3.7 27.0 8.6 1.1 7250.0 8700.0 4350.0 29000.0 55100.0 40600.0 0.0 

Kleinemonde 3 1.7 3.8 1.6 3.4 0.1 7000.0 8400.0 0.0 0.0 1400.0 53200.0 0.0 

4 0.9 2.9 0.1 0.7 0.0 11250.0 2625.0 0.0 750.0 375.0 22500.0 0.0 

1 0.0 1.8 1.7 7.4 0.2 0.0 12250.0 875.0 3500.0 5250.0 65625.0 0.0 

2 0.0 2.0 0.7 4.4 0.7 1450.0 37700.0 0.0 0.0 23200.0 82650.0 0.0 
Bira 

3 0.1 1.2 0.1 5.1 0.3 2150.0 32250.0 0.0 0.0 25800.0 154800.0 0.0 

4 0.0 3.1 0.7 4.9 0.9 23400.0 23400.0 0.0 0.0 17550.0 33150.0 0.0 
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Appendix III 

Riet estuary 

The estuary was closed to the sea at the beginning of the study on 19 December 2005 

(Table 23). According to residents of the area it had been closed for several months. 

The estuary remained closed until 29 May 2006 when it breached after heavy rainfall. 

It remained open until the middle of September 2006. During this time water 

continued to flow out of the estuary into the sea at a very low rate, but water levels 

remained relatively stable. At times there was only a trickle of water out of the system 

in a narrow and shallow channel. The tidal influence in this estuary was very low 

during this period. The estuary remained closed for two full weeks and breached again 

on 4 October 2006. This breaching caused the mouth to open widely and a deeper 

channel was formed. The estuary mouth remained open beyond the end of the study 

period in November 2006. The tidal influence during the second open phase was 

slightly stronger due to the deeper channel, but the intertidal area was still restricted to 

a small region around the mouth. 

West Kleinemonde estuary 

The West Kleinemonde estuary was closed to the sea from the beginning of the study 

in December 2005 to 4 August 2006 (Table 23) when the mouth breached after a 

major flood. This was followed by a series of opening, closing and overwashing 

events, with the estuary staying open for two to five days at a time. On 4 October 

2006 it reopened and remained so until 12 November 2006. The estuary then 

remained closed to the sea for the remainder of the study period. 
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East Kleinemonde estuary 

The estuary was closed to the sea from the beginning of the study in December 2005 

to June 2006 (Table 23). During this time five major and 27 minor overwashing 

events occurred. Water trickled out of the estuary over the sandbar on 3 June, 5 June 

and 7 June. The estuary mouth breached on 24 June 2006 and remained open for only 

3 days. After closure minor overtopping events took place regularly. The mouth 

breached on 4 August 2006 following a major flood. A deep channel was scoured at 

the mouth. The estuary mouth closed after 48 days on 20 September 2006 but 

reopened, after daily overwashing events, on 27 September 2006. It remained open for 

5 days, was closed for another 2 days, during which minor overwashing events took 

place. On 3 October 2006 it opened and remained open for 36 days until 8 November 

2006. After 5 days of closure with overwashing events it reopened briefly for three 

days, closed again for two days, reopened for four days and then remained closed for 

the remainder of the study. Tidal influence was very strong during the two long open 

phases, as the major flood in August had scoured a deep channel at the mouth. 

Bira estuary 

The estuary was closed to the sea from the beginning of the study in December 2005 

to 24 May 2006. It remained open to the sea for the remainder of the study period. A 

deep channel was formed at the mouth and tidal influence was strong in this system. 
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Table 23, Mouth cOllduiollO Jnd ,<lmpling dotes (gr~y fields) of the four oolllpled 
esruaries (DcG '05 . Nov '06). 0: opcn mouth, t, olllall overv.·ashing T large 
ov~rwashing (P, Cowley, ullpublishcd data). Ko ovcrv.·ashing data wcre collectcd lor 
RId and Bira c<;tllarics. 

West 
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Appendix IV. Common and scientific names of birds recorded at the Riet, West 
Kleinemonde, East Kleinemonde and Bira estuaries during the study period 
(according to Birdlife Intemationa12009). 

Common name 

African Darter 

African Fish Eagle 

African Oystercatcher 

African Spoonbill 

Black Stork 

Blacksmith Lapwing 

Black-winged Stilt 

Cape Cormorant 

Cape Shoveler 

Cape Teal 

Caspian Tern 

Common Greenshank 

Common Moorhen 

Common Ringed Plover 

Common Sandpiper 

Common Tern 

Curlew Sandpiper 

Egyptian Goose 

Giant Kingfisher 

Goliath Heron 

Great Egret 

Great Crested Tern 

Greater Painted-snipe 

Green-backed Heron 

Grey Heron 

Grey Plover 

Grey-headed Gull 

Half-collared Kingfisher 

Hamerkop 

Kelp Gull 

Kittlitz Plover 

Little Egret 

Little Grebe 

Little Stint 

Little Tern 

Malachite Kingfisher 

Marsh Sandpiper 
Osprey 

Species name 

Anhinga rufa 

Haliaeetus vocifer 

Haematopus moquini 

Platalea alba 

Ciconia nigra 

Vanellus armatus 

Himantopus himantopus 

Phafacrocorax capensis 

Anas smithii 

Anas capensis 

Sterna caspia 

Tringa nebularia 

Gallinula chloropus 

Charadrius hiaticu/a 

Actitis hypo/eucos 

Sterna hirundo 

Calidris ferruginea 

Alopochen aegyptiaca 

Megaceryle maxima 

Ardea goliath 

Casmerodius a/bus 

Sterna bergii 

Rostratufa benghafensis 

Butorides striata 

Ardea cinerea 

Pluvialis squataro/a 

Larus cirrocepha/us 

A/cedo semitorquata 

Scopus umbretta 

Larus dominicanus 

Charadrius pecuarius 

Egretta garzetta 

Tachybaptus ruficollis 

Calidris min uta 

Sterna albifrons 

A/cedo cristata 

Tringa stagnatilis 

Pandion haliaetus 
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Appendix IV (cont.). Common and scientific names of birds recorded at the Riet, 
West Kleinemonde, East Kleinemonde and Bira estuaries during the study period 
(according to Birdlife International 2009). 

Common name 

Pied Kingfisher 

Purple Heron 

Red-billed Duck 

Red-knobbed Coot 

Reed Cormorant 

Ruddy Turnstone 

Ruff 

African Sacred Ibis 

Sanderling 

Sandwich Tern 

South African Shelduck 

Spur-winged Goose 

Three-banded Plover 

Water Thick-knee 

Whimbrel 

White-breasted Cormorant 

White-fronted Plover 

Wood Sandpiper 

Yellow-billed Duck 

Species name 

Ceryle rudis 

Ardea purpurea 

Anas erythrorhyncha 

Fulica cristata 

Phalacrocorax africanus 

Arenaria inter pres 

Philomachus pugnax 

Threskiornis aethiopicus 

Calidris alba 

Sterna sandvicensis 

Tadorna cana 

Plectropterus gambensis 

Charadrius tricollaris 

Burhinus vermiculatus 

Numenius phaeopus 

Phalacrocorax carbo 

Charadrius marginatus 

Tringa glareo/a 

Anas undulata 
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