ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/334472874

Inter-specific differences in invader and native fish functional responses
illustrate neutral effects on prey but superior invader competitive ability

Article in Freshwater Biology - July 2019

DOI: 10.1111/fwb.13361

CITATIONS READS
0 101

7 authors, including:

Lubabalo Mofu Josie South
& Rhodes University South African Institute for Aquatic Biodiversity

6 PUBLICATIONS 5 CITATIONS 7 PUBLICATIONS 16 CITATIONS
SEE PROFILE SEE PROFILE
f% Ryan J Wasserman @ % TatendaDalu
® Botswana International University of Science and Technology Ly University of Venda
. e
97 PUBLICATIONS 523 CITATIONS 112 PUBLICATIONS 561 CITATIONS
SEE PROFILE SEE PROFILE

Some of the authors of this publication are also working on these related projects:

Project Aquatic Invasion Ecology View project

Project One Health Biomonitoring and Dynamics of Pathogen Dissemination in Natural Ecosystems View project

All content following this page was uploaded by Tatenda Dalu on 18 July 2019.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/334472874_Inter-specific_differences_in_invader_and_native_fish_functional_responses_illustrate_neutral_effects_on_prey_but_superior_invader_competitive_ability?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/334472874_Inter-specific_differences_in_invader_and_native_fish_functional_responses_illustrate_neutral_effects_on_prey_but_superior_invader_competitive_ability?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Aquatic-Invasion-Ecology?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/One-Health-Biomonitoring-and-Dynamics-of-Pathogen-Dissemination-in-Natural-Ecosystems?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Lubabalo_Mofu?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Lubabalo_Mofu?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Rhodes_University?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Lubabalo_Mofu?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Josie_South?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Josie_South?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/South_African_Institute_for_Aquatic_Biodiversity?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Josie_South?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ryan_Wasserman?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ryan_Wasserman?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Botswana_International_University_of_Science_and_Technology?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ryan_Wasserman?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tatenda_Dalu?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tatenda_Dalu?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Venda?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tatenda_Dalu?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tatenda_Dalu?enrichId=rgreq-b5bffcca04c717bbfd41d6b41379a88a-XXX&enrichSource=Y292ZXJQYWdlOzMzNDQ3Mjg3NDtBUzo3ODE5OTc0NzU2NTU2ODZAMTU2MzQ1NDEzNTY2Nw%3D%3D&el=1_x_10&_esc=publicationCoverPdf

Received: 5 December 2018 | Revised: 27 May 2019

Accepted: 31 May 2019

DOI: 10.1111/fwb.13361

ORIGINAL ARTICLE

Freshwater Biology IRAYWAIE=A%

Inter-specific differences in invader and native fish functional
responses illustrate neutral effects on prey but superior
invader competitive ability

Lubabalo Mofu®??3

| Josie South®® | Ryan J. Wasserman*”

| Tatenda Dalu®®

Darragh J. Woodford®” | Jaimie T. A. Dick® | Olaf L. F. Weyl*?3

1Department of Ichthyology and Fisheries
Science, Rhodes University, Grahamstown,
South Africa

2DST/NRF Research Chair in Inland Fisheries
and Freshwater Ecology Laboratory, South
African Institute for Aquatic Biodiversity
(SAIAB), Grahamstown, South Africa

3Centre for Invasion Biology, SAIAB,
Grahamstown, South Africa

“Department of Biological Sciences and
Biotechnology, Botswana International
University of Science and Technology,
Palapye, Botswana

5South African Institute for Aquatic
Biodiversity, Grahamstown, South Africa

%Department of Ecology and Resource
Management, University of Venda,
Thohoyandou, Limpopo, South Africa

’Centre for Invasion Biology, School

of Animal, Plant and Environmental
Sciences, University of the Witwatersrand,
Wits, South Africa

8Institute for Global Food Security, School
of Biological Sciences, Queen's University
Belfast, Belfast, UK

Correspondence

Lubabalo Mofu, Department of Ichthyology
and Fisheries Science, Rhodes University,
Grahamstown 6140, South Africa.

Email: .Lmofu@saiab.ac.za

Funding information

Department of Science and Technology;
National Research Foundation Professional
Development Programme, Grant/Award
Number: 101039; DST/NRF Centre of
Excellence for Invasion Biology; DST/NRF
South African Research Chairs Initiative,
Grant/Award Number: 110507; South
African Institute for Aquatic Biodiversity,
Grant/Award Number: 101039; National

Research Foundation, Grant/Award Number:

103581, 109015, 110507 and 88746

Abstract

1. Inter-specific interactions are key factors in the structuring and functioning of eco-

logical communities. Therefore, it is necessary to assess species interactions, such as
predator-prey dynamics and competitive exclusion, within the context of continuing
global species introductions. The aim of the present study was to assess ecological
impacts and competitive exclusion dynamics involving co-occurring introduced and

native fish species, using the multiple predator functional response (FR) approach.

. We use comparative FR analysis (resource uptake as a function of resource density)

to assess inter-specific interactions between the invasive western mosquitofish
Gambusia affinis and the native freshwater river goby Glossogobius callidus towards
chironomid larvae. The FR was derived for each fish species as individuals and
when in heterospecific pairings. Data from single individuals were used to predict
the expected FR of individuals when in heterospecific multiple predator combina-
tions. Expected FRs were then compared to the observed FRs of each predator in

combination trials, enumerated using prey items in their gut contents.

. Both fish species displayed Type Il FRs, however, in single fish trials, invasive

mosquitofish had significantly higher FRs (curve asymptotes; i.e. shorter handling
times and higher maximum feeding rates) than native river gobies. Heterospecific
mosquitofish-river goby combinations revealed that the FR of the river goby was
reduced (i.e. longer handling times and lower maximum feeding rates) by the pres-
ence of mosquitofish, whereas this combination greatly enhanced mosquitofish
FR magnitudes (i.e. shorter handling times and higher maximum feeding rates).
The heterospecific treatments resulted in neutral impacts on prey and there were

clear inter-species interference in favour of the non-native mosquitofish.

. This study demonstrates how multiple predators can alter the shape of individual

FRs, with neutral effects on prey but superior invader competitive ability. This
has implications for predicting the naturalisation success of invasive predators, as
predatory and competitive interactions with native predators and prey may facili-

tate rather than impede establishment.
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1 | INTRODUCTION

Human-mediated vectors and pathways have increased the intro-
duction of non-native species into new environments and, in particu-
lar, freshwater fishes are one of the most commonly introduced taxa
(Gozlan, 2008). While introduction pathways for fishes are fairly well
understood (e.g. Copp et al., 2005), establishment success appears
to be context dependent, and mediated by a variety of influences
including abiotic factors such as temperature (Jeschke & Strayer,
2006; Kolar & Lodge, 2001), biotic factors such as predatory and
competitive interactions (Latombe et al., 2017; Marchetti, Moyle, &
Levine, 2004), and propagule pressure (Woodford, Hui, Richardson,
& Weyl, 2013). Thus, understanding the drivers of establishment
success or failure is of conceptual and practical importance (Sato
et al., 2010). Of particular importance in this regard are biotic in-
teractions between native and non-native species, which can have
strong implications for community dynamics, as both consumptive
and non-consumptive interactions will have direct effects on a pred-
ator's fitness and prey biomass (Barrios-O'Neill, Dick, Emmerson
et al., 2014; Britton, Davies, & Harrod, 2010; Lopez, Davis, & Wong,
2018; Médoc & Spataro, 2015).

A classic method used to understand predator-prey interactions
and competition is the quantification of the functional response (FR)
(Holling, 1959; Murdoch & Oaten, 1975). The FR of a consumer de-
scribes the relationship between per capita prey (or other resource)
consumption and prey (or other resource) density (Holling, 1959,
1965; Solomon, 1949). Functional responses are thus a critical deter-
minant in the outcome of interacting consumer-resource populations
(Holling, 1959). The types and magnitude of FRs quantify whether
consumers will regulate, stabilise, or destabilise the resources in a
population (Juliano, 2001; Murdoch & Oaten, 1975). Further, differ-
ential FRs may reveal inter-specific competitive asymmetries (Dick
etal., 2017).

The relationships between consumer resource uptake and re-
source densities result in three FR types: linear Type |, hyperbolic
Type Il, and sigmoidal Type Il (Holling, 1959; Jeschke et al., 2004).
Functional responses have been applied to various aspects of ecol-
ogy (Abrams, 1982; Englund & Harms, 2001; Faria, Godoy, & Trinca,
2004; Feldman, 2006), such as assessing adaptive behaviours
(Abrams, 1982) and how resource abundance influences the per cap-
ita effects of individual predators under a number of environmental
variables such as temperature (Stephens & Krebs, 1986), but only
more recently have comparative FR analyses been used to assess
invasive species impacts on resources such as prey, whereby the
impact of an invader is contrasted with functionally similar native
and/or non-native species (Dick et al., 2014; Gebauer, Vesely, Kouba,
Bufi¢, & Drozd, 2018; Xu et al., 2016).

In this regard, Dick et al. (2014) highlighted that FRs provide
a rapid, reliable, inexpensive and readily applicable tool to assess
invader ecological impacts across taxonomic and trophic groups.
A similar approach has also been applied to quantify multiple
predator effects (MPEs), by comparing predicted and observed

FRs based on single predator and multiple predator combinations
and their consumption of prey (Barrios-O'Neill, Dick, Ricciardi,
Maclsaac, & Emmerson, 2014; Soluk, 1993; Wasserman, 2016). As
such, there is much potential for the use of comparative FRs for
assessment of dynamics between invasive and native species.

Introduced species enter ecological interaction networks and
interact with resident communities, resulting in novel heterospe-
cific interactions, which can include interactions among predators
that have no co-evolutionary relationships (Jackson et al., 2017).
Consequently, there is a need to better understand the effects of
multiple species interactions in invasion and biotic resistance con-
texts (Barrios-O'Neill, Dick, Ricciardi et al., 2014; Wasserman, 2016).
These interactions are fundamental to the structure and functioning
of ecological communities and are well-known regulators of pred-
ator-prey dynamics (Barrios-O'Neill, Dick, Emmerson et al., 2014).

In a food web context, predator-predator interactions are medi-
ated by intermediate species and these are termed indirect effects
and, furthermore, when one species modifies how the other spe-
cies interacts, this is called trait-mediated indirect effects (Abrams,
Menge, Mittelbach, Spiller, & Yodzis, 1996; Schmitz, 1998; Werner
& Peacor, 2003). These interactions can lead to emergent MPEs.
Quantifying and qualifying MPEs are necessary to understand how
interactions between predator and prey may be altered by the addi-
tion of another predator, and how one predator may interfere with
the predatory success of another (Sokol-Hessner & Schmitz, 2002;
Soluk, 1993).

The present study thus aims to determine the individual-level
FRs of the alien invasive western mosquitofish Gambusia affinis
(Poeciliidae), hereafter referred to as mosquitofish, and the native
freshwater river goby Glossogobius callidus (Gobiidae), towards a
readily consumed prey, under multi-predator scenarios using the
multiple predator FR approach (see Barrios-O'Neill, Dick, Emmerson
et al., 2014; Wasserman, 2016). To do this, we use a novel approach
of quantifying individual prey consumption from gut contents
to assess the predator FR of the introduced and native predators
under multi-predator scenarios. This approach bridges a major gap,
whereby previous MPE research has not been able to assign preda-
tor consumption rate to individuals, but has rather focussed on the
overall effects by determining prey consumption from counts of prey
surviving (Barrios-O'Neill, Dick, Emmerson et al., 2014; Wasserman,
2016). This latter approach has the potential to mask the presence
of MPEs if respective predatory facilitation and disruption occur si-
multaneously between two predator species, with no observed non-
additive effects on prey. As such, chironomid larvae, a prey source
that is easily quantified in gut content analyses as their heads are
relatively resistant to digestion, were used in experiments to test
the hypotheses that: (1) invasive mosquitofish will have significantly
higher FRs (curve asymptotes) than native river goby; (2) MPEs will
be observed for both predator species through differences in indi-
vidual and multi-predator scenario FRs; and (3) MPEs may not be
detectable based on surviving prey counts, but revealed by gut con-

tent analysis.
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