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Title: The impact of the invasive alien fish on foothill river ecosystems in
the Cape Floristic Region.
Background of the project
The Cape Floristic Region (CFR) is characteriseempeptional endemism in many
of its biotic components, including fish and aqoativertebrates. Many of South
Africa’s indigenous freshwater fishes are currettthgatened with extinction due to
predation and competition from invasive fish, ofterconjunction with other
anthropogenic impacts such as pollution, waterrabsbn, dams and invasive trees.
The impact of invasive fish on river ecosystemgpobel the depletion of indigenous
fish populations, has not been studied in SoutlicAfrAlthough invasive freshwater
fishes are a global problem, relatively few studigsst on their effect at the
community or ecosystem level, although some studiesrt significant impacts in
both rivers and lakes. The community and ecosystéie-influences that freshwater
fish exert on their resident ecosystems are watlietl and indicate that the nature of
the impact of each invasive fish species is likelpe dependent on a range of factors
including: the physical characteristics of the rjtee nature of the invaded
community; and the life history and feeding traitshe invasive fish species.
Therefore, to predict the nature and extent ofrtigacts of invasion and to prioritise
conservation strategies, an understanding of tbetegia is required.
Within the CFR, 16 species of invasive fish haaodleen recorded. Smallmouth
bassMicropterus dolomieu, is currently the most widespread invasive fisthie CFR
and is known to deplete most indigenous fishes.
We therefore designed a study to address the follpguestion: Do bass alter the
freshwater community beyond their impact on indmgenfish?
M ethodology
Sites were chosen on two rivers with waterfall igasrto bass invasion and included
adjacent invaded and non-invaded (indigenoushesator comparison.
Sampling was conducted seasonally over a one ygardp(March 2006 - March
2007). The distribution, mass and diet of fish weralied at each site. The diversity

and density of aquatic invertebrates were studmetitlae drifting, foraging,



development and adult stages of some taxa wergsatalThe density and
composition of periphyton was analysed. Physicedip&ters were measured.

Site selection

Witte River (fig 1.)

Eight sites were chosen: four in the indigenoushiend four in the bass-invaded
reach. These sites were chosen due to the prestmeeurrent and out-of-current
cobble-bed habitats proximate to pools containisig populations. These sites span
800 meters of river and represent habitat typi€skeweral kilometres of the river.
RatelsRiver (fig 2.)

The Ratels River was chosen due to the presereevaterfall barrier to invasion by
M. dolomieu, with indigenous fish above the barrier and fevolWwgmigrating adults
only). Despite the presence of farming in the caeht and the possible complicating
issues of some nutrient enrichment and water attgina the accessibility and
presence of established bass, indigenous anddtshtsmes make it a useful
comparison to the Witte River.

Sample frequency and intensity

Sampling was conducted in late summer (March 20@®8&7), winter (late June
2006), spring (September 2006) and mid-summer Nateember and early
December 2006), in order to capture the seasomardics and life cycles
characteristic of the aquatic biota. The numbesamhple sites and the number of
samples collected from each site was determingtidoguantity of samples feasible
to collect and process from each field trip andh®yrequisite number of samples that
can provide statistically powerful data. Not atesiwere sampled on each sampling
occasion (see below for details).

Fish sampling

Rationale: Understanding the feeding preferencdbémass of each fish species
provides an indication of the predation pressuextex on the prey species. Seasonal
sampling is essential to understand the intra-drayremics of trophic interactions.
Fish biomass

Using seine nets for indigenous species and lidespear-fishing for bass,
representative samples of each species were candhéngth and mass measured.
Using these data, power curves were generatedéonaiee the mass of a fish from
its length. Size classes were determined for eabhspecies. Snorkel surveys were

conducted to estimate the abundance of each sige of each species in pools at



each site. The snorkel survey data and the lengdgrourves were used to calculate
the estimated total biomass of each fish specieach pool.

Fish diet

Fish were caught and a total of 20 individualsadteindigenous species and 12 bass
were killed, the stomachs removed and placed in 88f4nol. Stomach contents were
analysed in the laboratory, classified into foooety and the biomass of each food
type estimated (plant material and detritus by redyinvertebrates by counting and
measuring head capsules of each taxa and estinimtingass based on the known
mass of each taxon). Relating the composition aasisrof the diet of each fish
species and the mass of fish at each site proaid@sdication of the relative
predation pressure on prey taxa.

I nvertebrate sampling

Rationale: Aquatic invertebrates represent multipphic levels in the aquatic
ecosystem, composing the major herbivores, deatrigty and prey items for most
indigenous fish species. The large number of spegith diverse life history
requirements makes the group useful in assessingbamental or biotic changes
(the rationale of the SASS technique for water iGgiadonitoring). Comparisons of
invertebrate species diversity, abundance, behawiog community composition
between indigenous and invaded reaches may pravidederstanding of the
impacts of invasive fish on the biodiversity anddtioning of the river ecosystem.

M acr oinver tebrate abundance

Macroinvertebrates were collected by kick sampforgotal diversity and from
individual submerged stones for density and diversit each site, 8 stones in-current
(IC) and 8 stones out-of-current (OC) were collddig placing a hand net
immediately downstream of the stone (IC stoned$)yacreating a current into the net
by hand (OC stones) and lifting the stone intorteeto ensure capture of mobile
species. Invertebrates were then picked-off theestmd fixed in ethanol together
with those flushed into the net. Algae was thenaesd from the stone into 1 litre of
water, by scrubbing for a time-period determinedhgysize of the stone. Three axes
of the stone were then measured for surface ateaati®n, the stone placed in its
original position and the depth and bottom velooigr the stone recorded with a
flow meter. This technique allows for a quantitatassessment relating invertebrate
density and diversity to depth, flow and algal dignsnd composition.

Macroinvertebrate behaviour and development



Rationale: It has been reported that invertebrates their behaviour in response to
differing predation regimes and that changes iralelur may have a greater trophic
impact than changes in invertebrate abundance.d&san foraging behaviour may
also affect the development of invertebrates, arilting time to maturity and
emergence. Invertebrate behavioural changes inthedtming and amount of both
drift and foraging behaviour.

Drift: Drift nets (0.5M aperture, 0.5mm mesh) were secured to the riveeabe
various sites in bass-invaded and uninvaded sitagtaineously. The depth of the net
and flow through the net was recorded. The nete wkced for approximately 1
hour at dusk, dawn, during the night or at mid-eagl the contents preserved in
ethanol. Data was expressed as the number of agalpér volume of water over
time (nt/s).

Foraging behaviour: The numbers of crawling cased trichoptera was dembwithin
three pre-marked 0.28muadrats on bedrock in slow flowing reaches (<0./83wn
three days at invaded and non-invaded reaches.

Note: In order to determine whether any differenceh@dbundance of drifting or
foraging invertebrates between sites was due ta\betral differences or merely
differences of invertebrate density, the numbemaah drifting or foraging taxa were
corrected for their relative density between sigssgetermined by stone sampling.
Development: The head capsule width of selected taxa (all ephaptera, odonata,
plecoptera, megaloptera and simuliidae) from alhstsamples were measured using
a micrometer. T-tests (transformed for normalitsefjuired) was used to detect
differences of head capsule size within each tataden sites. The head size of uni-
or multi-voltine species is a good indicator of #peed of development, whereas the
head size of semivoltine species may provide aicaol of inter-annual survival.
Aerial stage of aquatic invertebrates

Light traps were deployed next to the river for twoer at dusk in invaded and
uninvaded reaches simultaneously and invertebvetes preserved in 95% ethanol.
Algae

Rationale: Algae are the major primary producerthérivers sampled in this study.
The biomass and composition of algae varies gréatbughout the year: productivity
increases with increasing water temperature ankigbtimnd accumulates in slower

flowing water which is flushed downstream duringnter. Algal productivity exerts a



strong influence on the whole aquatic community dedefore ecosystem
functioning.

Algae was collected from stones by scrubbing fom&-period determined by the
size of the longest axis of the stone and washtedlititre of water of which, 25-
100mis was filtered onto filter paper using a hapérated vacuum pump, wrapped in
tin-foil and kept cool for subsequent chlorophylbaantification. A further 20mls
was preserved in 10% formalin for subsequent arsabfsalgal composition.
Exclusion experiments

Exclusion experiments were carried-out but duetbhiical problems these
experiments were not included (future inclusionfesion experiments with cages
would greatly enhance the value of the resultsate)d

Physical measur ements

Field measur ements: Min/max temperature, flow and discharge, site dpgon and
mapping (substrate type and proportion, lengthnaf distance between habitat types).
L aboratory measurements. phosphate, nitrates, pH, conductivity.

Samples collected

March 2006 (late summer), Witte River. Site selection and mapping. All eight sites
sampled: 128 stones, 16 kick samples, snorkel ganie drift samples (6 pairs), and
physical measurementdot collected: Foraging behaviour; fish stomaclesrfpts for
collecting indigenous fish were not yet approveat: anproblem due to future field
trips at this time of year).

March 2006, Ratels River. Sites selected. All sites sampled. Only out-of-entr
stones sampled due to low flow: 40 stone sampl&kjck samples, physical
measurementdot collected: Fish diet, light trapping, foragiagd drift samples. The
Ratels River will be used to assess only the dityeasnd abundance of invertebrates
and algae due to time constraints on sampling amcepsing.

June 2006 (mid-winter), Witte. Half the sites sampled (2 above the waterfall, 2
below): 64 stones, 8 kick samples, snorkel survelygsical measurementsot
collected: invert behaviour, fish stomachs (higiwé and minimal fish activity).

June 2006, Ratels River. All sites sampled: 14 kick samples, snorkel suryeys
physical dataNot collected: Stone samples (time limits for samgphlnd processing).
September 2006 (spring), Witte. Half the sites sampled (2 above the waterfall, 2

below): 64 stones, 8 kick samples, drift samplesrlgel surveys, physical



measurementdot collected: fish stomachs (a few breeding malese observed but
not collected)Note: P. burchelli sound production first noted.

November 2006 (early summer), Witte. Six of eight sites sampled for stone and
kick samples. Drift, light trapping, fish abundarase length/weight measurement, 50
fish stomachs,

November 2006 (early summer), Ratels. All sites sampled for invertebrates (stone
and kick sampling) and algae. Fish snorkel survélis was the final sampling event
on this river for the current project.

March 2007, Witte River. Six of eight sites sampled for stone and kick saspl

Drift and foraging behaviour, light trapping, fisbundance, physical measurements.
Data analysis

The invertebrate community composition from kicklatone samples was analysed
by multivariate analysis of similarity using tharRer statistical programme. The
abundance, development and behaviour of indivithxa were compared by
univariate statistics. Possible collaboration vtats. Dept. to generate a GLM.

Study sites.

Fig 1. The Witte River (Breede River tributary). Sampling sites and figttribution.
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Fig 2. The Ratels River (Olifants River tributary). Sample sites and fisstdbution.
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Results

1. Fish distribution and biomass: Fish biomass is reduced at invaded sites. This
effect is greatly dependent on the habitat type@manant in a river: the Rondegat
River is less suitable for bass and fish biomass neduced 10-fold at invaded sites.

Figure 3. Fish mass and abundance at invaded and non-ingigsdWitte River.
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2. Fish diet and predation pressure on prey: Although the range of prey found in
the stomachs of bass, redfin and kurper were girfvilith the exception of large adult
dragonflies, large crabs and a single fish founlass stomachs), the contribution of
taxa to the biomass of the diet was similar fortthe indigenous species (fig 4 b, c¢),
but different between the indigenous species avakine bass (fig 4 a). The predation
pressure on benthic invertebrates was estimatbd teearly 10-fold higher in the

presence of indigenous fish compared to invasste (fiig 5).

Figure 4 a-c. Contribution of prey to the biomass of fish dietgi(nal taxa only)
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Figure5. Relative predation pressure on fish prey (deriveoh the biomass of each

prey taxa per biomass of each fish species aneckze and the biomass of fish at

each site).
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3. Theinvertebrate community composition is altered at sitesinvaded by bass:
Fig 6. Invertebrate community composition grouped by lalznhd invasion condition
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The invertebrate community at bass-invaded sitésrdrom sites with indigenous
fish in a seasonally dependent manner. During wame spring the river community,
including the fish activity, the activity and abwamte of invertebrates (fig 6 and ) and
the abundance of algae (fig ) is reduced and ¥yt reset’ by high flows, reduced
sunlight and low temperatures.

The densities of many invertebrate taxa differ l&minvasion conditions. At bass-
invaded sites, there are significant increasesiinestaxa that forage or filter-feed on
stone surfaces, in particular the Baetidae nymppsémeroptera), Leptoceridae
larvae (Trichoptera) and Simuliidae larvae (Dip}era



4. Removal of the indigenousfishes by invasive bass reduces predation pressure
on some benthic taxa which may increasetheir abundance, drifting and foraging

behaviour and development.

Figure 7. The abundance of Baetidae nymphs at invaded andhraded sites

throughout the year.
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Baetidae numbers are significantly greater durumgraer months at sites where bass
have invaded and removed indigenous fish.
In addition to a change in the abundance of sowmeriebrates, their behaviour also

appears to be influenced by invasive bass.

Figure 8. Baetidae drifting behaviour at bass-invaded orimeaded sites (numbers

of drifting Baetidae are corrected for the relatilnsities of Baetidae between sites).
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Baetidae increase their propensity to drift, butthe timing (diel pattern) of drift, at
sites invaded by bass (fig 8.). This behaviourainge is possibly a result of
decreased threat of predation in the absence wfendus fish. The reduction of
predator control on epilithic, grazing taxa at bassded sites (as for Baetidae
nymphs, fig 7 and 8) is also likely to be respolestbr the increase in the abundance

and foraging behaviour of crawling trichopterarvéa as shown in Figure 9a,b.



Figure 9a,b. The abundance (9a) and foraging behaviour (9bjawling cased
trichoptera.
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The reduced drifting and foraging behaviour of sonvertebrates in the presence of
increased predation pressure from fish (in reagh#sindigenous fish in this project)
has been shown by other studies to decrease tieédogevent and time to maturity of
invertebrates. Here we show that the size frequehayayfly nymphs in the presence
of invasive bass is increased compared to reachliesnaligenous fish (fig. 10). This
is consistent with the hypothesis that reducedaired pressure upon invasion by

bass allows increased drifting and foraging behaweahich increases development of
these taxa.

Figure 10a,b. The size frequency distribution af Baetis nymphs andb. Aprionyx
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5. Theabundance of the aerial adult stages of someinvertebratetaxaare

affected.

It is reasonable to suppose that the altered almaeedaf the larval aquatic stages of
many invertebrates results in the altered abundahadult stages of those taxa.
Figure 11 shows that this hypothesis is true fichtptera, with greater abundance of

adult trichoptera at sites invaded by bass comp@arsdes with indigenous fish.

Figure 11. The abundance of adult trichoptera in light trapsites invaded by bass

and sites with indigenous fish (samples are pdiseday).
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6. Algal abundanceisgreatly reduced at bass-invaded sites compared to sites

with indigenous fish in summer months.

In many lake and river systems it has been shoaitttie abundance of grazers can
influence the abundance of autochthonous produétismally algae), particularly in
nutrient-poor systems. In this study we show tlhgdlaabundance is greatly reduced
at bass-invaded sites in a seasonally dependentengrobably as a consequence of
the increase in the abundance and behaviour of m@xyng invertebrate taxa in

reaches without indigenous fish.

Figure 12a,b. Algal
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These results from the Witte River are complemebtethose from the Ratels River
which suggest that the predation pressure on aouatrtebrates is reduced at bass-
invaded and fishless reaches compared to reactiesndigenous fish; that the
invertebrate assemblages are distinct between theseezones; and that algal
abundance in summer is lower at reaches invadds&sy or without fish than reaches

with indigenous fish (fig 13).

Figure 13. Epilithic algal abundance from reaches of the Ra®Ver in summer.
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In conclusion

This study reveals findings that are novel fronoat8 African and an international
perspective. We show that invasive fish can hawveefaching consequences for the
ecosystems they invade. In particular, bass rerttvendigenous fish, which reduces
predation on many grazing invertebrates, whichltesu the reduction of algae.
Therefore, invasive fish have far reaching consege both for aquatic biodiversity
and for ecosystem functioning.

There are still many outstanding questions relatiinpe impact of invasive fish,
including performing similar studies for invasiuelf species other than bass, but the
prevention of further spread of invasive fish aneit removal from rivers of high

conservation value must be a priority.

Other activities conducted
River Rehabilitation Project
Cape Nature is currently investigating the feagibdf implementing a programme to

eradicate invasive alien fish from selected riverthe CFR. If approved, this project
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is to be funded by the World Bank, Global Enviromtnigacility (GEF). Four Rivers
of high conservation priority have been selectemhitial sites: the Rondegat, Krom
and Suurvlei Rivers in the Cederberg, Western @apethe Krom River in the
Langekloof, Eastern Cape. This project representgp@ortunity to safeguard
populations of threatened fish species and to addrevel restoration and ecological
guestions on the following issues: the impactsbhbilitation methods (e.g.
rotenone) on South African aquatic invertebrates;gotential for rivers to recover
from alien fish invasion; the response of the aiguaammunity to loss of biodiversity
with insights into competition and the biotic detémants of river community
structure.

An initial environmental impact assessment is bemgducted on these rivers prior to
final approval of the project. | am conducting #rpiatic invertebrate component of
the EIA to assess the presence of rare or endahgpeeies or unique assemblages of
aguatic invertebrates in the rivers to be rehabdd and the potential sources of
recolonisation should the rehabilitation methodletEpaquatic invertebrate taxa.
The methodology used to address these issuesemi#ifieated kick sampling (with
<300um mesh net) at selected sites in all biotopesaches upstream, within and
downstream of the reach to be rehabilitated.

Activities completed to date

Sites have been selected for invertebrate collectioall four rivers. In April 2006,

all sites were sampled with the exception of ther@ei. Comprehensive collections
already exist from previous work conducted on tlhadegat River. All samples have
been sorted and identified to family level but vad identified to higher taxonomic
resolution once the project funding and EIA hasuoef.e. in 2008).

Objectivesto achieve

For the EIA: All sites will be visited in Decemb2007 and invertebrates from the
Suurvlei will be sampled in December 2007 and/oril&908 pending final approval
of the EIA.

I nvertebrate Bar coding Project
A major 3-year project proposal has been submitiee WRC and is
awaiting approval. The project objectives are t® ggecies and population-level

information from DNA barcoding of aquatic invertabes to:
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1. assess the diversity and biogeographic patteragudtic invertebrates in the
Cederberg as a tool for conservation planning.

2. provide base-line data to monitor river health #maimpacts of climate change,
land-use and invasive species on indigenous bicgltye

3. assess how indigenous and invasive fish variablttre river ecosystems and
influence diversity and ecosystem functioning.

Additional outcomes: To build an aquatic invertebrésssue bank and database to be

housed at SAIAB linking a voucher specimen, phapbr DNA sample, DNA

barcode and attribute data; resolve the identityrgbtic taxa and species complexes;

link invertebrate life-history stages (egg - lariradtars — pupae — adults); monitoring

protocols and fund-raising.

The methodology will be to sample aquatic inverdtds, algae and physical

characteristics from 15 rivers throughout the Cldey in reaches without fish,

reaches with indigenous fish and reaches with inedssh. 30 species have been

selected in order to assess physical, ecologichbangraphic determinants of

biodiversity.

Riparian Zone Rehabilitation Projects

The Riparian Rehabilitation Project, a keystongative coordinated by WWF-SA in
partnership with Working for Water and many othegamisations and stakeholders,
has begun in the Kouga mountains of the Baviaan§kiastern Cape to rehabilitate
riparian zones invaded by alien plants. | haveectdld invertebrates and periphyton
in two of the three target tributaries to servdase-line data for monitoring the
impacts of invasive plants and of the rehabilitattrategies on aquatic biodiversity.
This project represents an opportunity for SAIABalvement with conservation

measures with potential for nation-wide implemenotat

3 Agreed outputs

3.1 Resear ch papers

- In August/September 2007, | re-evaluated thearebefindings from my MSc at
UCT which was a collaborative project with Capeat | prepared the work as a
manuscript for publication entitled:
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“The impact of invasive fish and invasive ripariaants on the invertebrate fauna of
the Rondegat River in the Cape Floristic Regionut®é\frica” and submitted to the
African Journal of Aquatic Sciences.

- The main body of the work is being prepared mamuscript for submission to
Ecology with the provisional title:

“Species substitution and trophic uncoupling: medtras for invasion-driven
ecosystem change.”

- Two additional manuscripts are in preparation:

“The influence of fish predation and interspecdampetition on grazer diversity and
behaviour”

“Sound production in Pseudobarbus burchelli (Cydean)”

3.2 Environmental Education and Outreach

- SciFest 2006: | co-chaired a stand on life irirsy dealing with aspect of
biodiversity, food-webs, ecosystem services angeaation issues. The stand
featured an artificial river environment with liuevertebrates and also preserved
invertebrates for viewing under the microscope.

- SAIAB Winter School 2006 and 2007: | presentet/ar ecology and aquatic
invertebrate component of the winter school designeaugment the knowledge of
undergraduates from a range of southern Africatititi®ns. Each of these courses
involved a field trip, a lecture and laboratoryentebrate identification.

- Fort Hare lecture series: | gave a series oflagtures and two tutorials at Fort Hare
University on river ecology and conservation andaseexam question.

- Raphael Center visit to SAIAB: | organised awdithe Grahamstown-based
Raphael Center AIDS outreach project to SAIAB wheeetalked about and looked

at life in rivers and painted fish T-shirts withipédrom SAIAB communications.

3.3 Presentation of research findings

3.3.1 CIB annual research meeting: | presented preliminary findings of the project
at the ARM in 2006 in a poster entitled “The commtyiimpacts of a Fish Invader”.
At the 2007 ARM on 15-16November, | presented a poster entitled “Trophic
substitution: a mechanism for invasion-driven estay change”, which will

highlight the main messages from the research girtgedate.
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3.3.2 SAIAB and research community: The following seminars have been given at
academic institutions with variously updated infatian with the title (or similar):
“Community Impacts of a Predatory Freshwater Fislatler”.

DIFS/SAIAB seminar series: 2006 anif August 2007.

Rhodes University Zoology Department™28ugust 2007.

University of Cape Town Zoology Department: $eptember 2007.

Futuretalks: Jan / Feb 2008. Otago and Canterbury UniversiNesy Zealand.

3.3.2 Conferences

Society for Conservation Biology (SCB) conferen©@2, Port Elizabeth. Oral

presentation.

Future projectsfor potential funding.

The following project proposals address questibas lhave arisen from the current
work on the impact of invasive fish on river ecdsyss.

Project 1.

Question: How do invasive and indigenous fish influence ithesident river
ecosystem?

(Suitable for Masters project or reduced to suihélas project)

How: Manipulation experiments using artificial runs aatlusion/inclusion cages.
Rationale: One of the major criticisms of the work from therent project (see
above) is that, despite being a convincing docuatemt of the impact of invasive
fish, in the absence of experimental manipulatios mot unequivocal and could
merely be a description of the difference betweenmriver reaches. Results from
small-scale manipulation experiments will not oslypport the current findings, but
will allow further insights into the role of indigeus and invasive fish in the
structuring of river ecosystems.

Study sites: Witte River and Vink River, Rooiberg winery (whdamd-owner
willingness has been established through SAIAB)h Byeede River tributaries.
Methodology: Note: for the first few months of 2008, | will be workjnn New
Zealand on projects utilizing laboratory and figkder manipulation experiments. The
insights gained through this experience will hofigfioe put to good use in this and
other projects (e.g. with nutrient cycling).

Cages (area approx. 1.5mmesh size 5mm) or artificial reaches (approx.|&mg)

will be constructed and placed in or alongsidetéinget river. Cages will be stocked
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with known numbers and masses of fish includingfisio (exclusion); bass only (not
in indigenous fish reaches); indigenous fish (veited and uninvaded reaches).
Stones (approximately 5 per cage) of uniform simt ghape without algal propagules
(i.e. scrubbed and dried) will be marked and planeshch cage as substrates for
algal and invertebrate colonisation. Samples todilected once a month (see below).
Timeframe (start and finish dates ar e flexible by up to two months).

* October 2008: build cages and plan trip.

November 2008: set-up field sites by installingesagnd reaches (1 x 5-day trip).

» December 2008-March 2009: four monthly 3-day sangpirips (can be reduced).

* March 2009: remove cages and reaches and stordAB®r Cape Nature for
future experiments (extra 2 days).

* October 2009: Complete analysis and write-up aifltesTogether with recent
findings, submit manuscript(s) for publication.

Budget.

Materials: Cages = x10 at R500 each = R508@Aificial river reaches = x2 at R750

each = R1500consumables e.g. net repair, bottles, microsbolies, tweezers, tubes

etc = R198(total = R848)

Transport: 5 trips with bakkie from Cape Town at 400km/trifR2.50/km = R3000

5 return bus fares from Grahamstown at R300 eaRh50(total = R450].

Accomodation: Free with landowner or Limietberg Reserve agreeémen

Food: total of 19 field days for two people (38 daysRd4id/day = R1520

Total = R14,500

(Co-funding possibilities from Rooiberg winery).

Project 2.

Title: The impact of invasive fish on crabs and frogs.

(Suitable for an Honours degree project or couléXx@nded to suit an MSc. project)
How: An assessment of the density and abundance of erabfrogs at fish-invaded
and non-invaded sites by: 1. experimental maniuiait one or two sites; 2. analysis
of the occurrence of crabs and frogs over a brogeegraphic range of indigenous
and invasive fish.

Rationale: We have shown that invasive fish can dramaticdtbr @ahe river
community at multiple trophic levels by direct andirect mechanisms. We have not,
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however, studied the impacts on crabs or frogsh Bugse taxa may represent a high
proportion of the river’s faunal biomass and thereffulfil important roles in the

river ecosystem. Crabs are adaptable omnivoresghut their life cycle, whereas
frogs are variably algivorous (as tadpoles) oratigerous (as adults). Both have high
fecundity and (with the exception of tadpoles) saak refuge from predation in or
out of water. Gape limitation of the small indigesdishes of many Cape streams
restricts them to feeding only on small life-stagésrabs and frogs, whereas invasive
bass are able to feed on all but the largest cildies ability of different prey species
to co-exist with fish will likely be determined blye duration for which the prey is
vulnerable. Crabs are known to constitute a largeqution of the diet of bass,
whereas their feeding on tadpoles and adult fredssis-well reported. To date, no
studies have been published in South Africa thdtess the impact of invasive or
indigenous fish on crabs or frogs. It is known alually that the abundance of ghost
frogs Heleophryne sp.) is reduced in the presence of fish in Sodtit#d and a study
of frog populations in lakes in the USA showed datimdeclines coincident with
invasive trout and dramatic recovery upon removalaut.

Study sites:

Witte River and at least one other (possibly thé RiWer in the Baviaanskloof,
Eastern Cape) for the experimental approach. Fobtbader geographic approach
Methodology: Crabs:repeated mark/recapture experiments using baigpd tFrogs:
calls, captures and sightings on transects almeg banks. The size and species of
captured/recorded individuals will be noted and pared between sites.
Timeframe

(start and finish dates are flexible, can be 20@8student is found).

* January 2009: build cages and plan trip.

* February — April 2009: Two or three 8-day fielgsi

* May — June 2009: Write-up results.

Budget:

Materials: At least 12 crab traps (R250 x 12 = R3000). Aflestequipment to be
supplied by SAIAB. Contingencies and printing = R2Zotal = R3220.

Transport: If coordinated with project 1 then R1%500bus fares or extra pick-up and
drop-off to Cape Town or Worcester (if not coordetdy then R3000)

Accomodation: Free with prior arrangement.
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Food: total of 16 field days for two people (32 daysRd4id/day = R1280
Total = R6,000
Co-funding possibilities from Rooiberg winery.

Project 3.

(Suitable for honours project or done personaliy &uthor)

Question: Do invasive fish disrupt the aquatic food web?

How: Analysis of carbon and nitrogen isotopd5 ¢ andd™N) in a variety of
components of the river food web (including). Thetope analysis will be performed
at Rhodes University’s new isotope laboratory.

Rationale:

Tracking naturally occurring carbon and nitrogestépes §''C andd™N) through

the food-web can yield essential insights intortteevement of nutrients through an
ecosystem and, therefore, how the ecosystem funsctichis technique can unravel
the essential and otherwise elusive question of @dte who in invaded as opposed to
indigenous river reaches not only strengthenindititings of the current study on
community impacts of invasion, but also providimgusnderstanding of how rivers in
the region function.

Study site:

Witte River

M ethodology:

A collection of detritus, algae, macrophytes, fisiv, target aquatic invertebrate
species, drifting invertebrate prey and crabs bélmade and th&'C andd™N
analysed according to standard protocol.

Time frame (very flexible):

Collection. April — May 2008.

Analysis. May — September 2008.

Budget (this project will rely on other field trips so Wwitot require transport costs)
Sample analysis: 75 samples at R52 each plus R3@@$§sible sample re-runs =
R6000

Collection: an extra field day plus assistancedfand equipment = R500

Total = R6,500
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These three projects are interrelated and candrelioated to reduce logistical costs.
Funding for Masters requires R40k for two yearsQiR®tal) and R10k for honours.
Co-funding: The Center for Invasion Biology, Stalbe®sch will provide funding for
this author for the next two years (April 2008-A@910) although this has yet to be
finalised. Also, SAIAB will provide all the laboraity and office space and equipment
necessary for this author and any students asedaiath the projects.

- The minimum total cost of these three projectuasng that student funding can be
sourced from elsewhereR27,000

- The full cost of these projects including studiemtding (one MSc and two Honors)
=R127,000
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