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Abstract The Rio Grande cichlid (Herichthys cyano-

guttatus) has been established in the Greater New Orleans

Metropolitan area for at least 20 years, and its effect on

native fishes is unknown. Behavioral trials were performed

to determine if aggressive interactions occur between

invasive H. cyanoguttatus and native bluegill (Lepomis

macrochirus). When defending a territory as the resident,

L. macrochirus were markedly aggressive, averaging 11.6

aggressive actions per 10-min behavioral trial. In contrast,

L. macrochirus were extremely passive as invaders, with

0.5 aggressive actions per trial. Herichthys cyanoguttatus

were equally aggressive as residents and as invaders,

averaging 4.9 and 6.0 aggressive actions per trial, respec-

tively. Herichthys cyanoguttatus interacted aggressively

with native species whether they held territory or not,

indicating that this invasive species may have fundamen-

tally different strategies of aggression compared with

native L. macrochirus. These differences may explain the

continued success of H. cyanoguttatus as an invasive fish in

southeastern Louisiana.

Keywords Aggression � Centrarchid � Cichlid

invasive � Residence

Introduction

Invasive species pose a significant threat to native organisms

(Vitousek et al. 1997), and the number of non-native species

that are discovered continues to increase (Crossman 1991;

Fuller et al. 1999). For example, the Rio Grande cichlid

(Herichthys cyanoguttatus) has been established in natural

habitats and canals of the Greater New Orleans Metropolitan

Area (GNOMA) for 20–30 years (Fuentes and Cashner

2002; O’Connell et al. 2002). This species is native to the

southern drainages of the Rio Grande River with its type

locality being Brownsville, Texas (Baird and Girard 1854).

Populations in the United States were once restricted to the

southern half of the Rio Grande River basin, but now

H. cyanoguttatus occurs in many parts of Texas, including

the Guadalupe River basin, the San Antonio area, and the

Edwards Plateau region (Brown 1953; Hubbs et al. 1978;

Fuller et al. 1999). Outside Texas, the only established

populations in the United States are in Florida and Louisiana

(Fuller et al. 1999).

The potential threat of H. cyanoguttatus to native fauna

is unclear. It appears to compete for breeding sites with

native centrarchids such as bluegill (Lepomis macrochirus)

in Florida (Courtenay et al. 1974), and we have observed

aggressive interactions between these species in Louisiana.

Our unpublished field observations have revealed that

H. cyanoguttatus also acts aggressively toward native

largemouth bass (Micropterus salmoides), western mos-

quitofish (Gambusia affinis), sailfin molly (Poecilia lati-

pinna), and blue crab (Callinectes sapidus). This type of

aggression by invasive species can inhibit growth and

reproduction as well as shift habitat use of native species

(Marchetti 1999; Schrank et al. 2003).

In this study, we observed interactions between invasive

H. cyanoguttatus and native L. macrochirus under
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laboratory conditions to determine what levels of aggres-

sion were exhibited by different species in different con-

texts (invader or resident). We also conducted similar

observations (though with fewer trials) on interactions

between H. cyanoguttatus and native redspotted sunfish

(L. miniatus), a particularly aggressive native centrarchid

(personal observation). In general, most species of the

families Cichlidae and Centrarchidae are considered

aggressive freshwater fishes, with members of both groups

employing aggression in interspecific and intraspecific

interactions (Marchetti 1999; Matsumoto and Kohda

2004). Intraspecific behavioral studies have shown that

H. cyanoguttatus are aggressive as invaders and as resi-

dents (Turner 1994; Draud et al. 2004; Leiser et al. 2004),

and that L. macrochirus are aggressive as territory-holding

adult males (Colgan et al. 1978). Relatively few studies

have examined interspecific aggression within these fami-

lies (Colgan and Gross 1977; Matsumoto and Kohda 2004),

and cichlid–centrarchid interactions have only rarely been

studied (e.g., Brooks and Jordan 2009). Such a study could

demonstrate behavioral effects of invasive species and

better explain success of non-native fishes in the wild.

Therefore, we conducted behavioral trials in aquaria to

determine what aggressive strategies are exhibited by

H. cyanoguttatus, L. macrochirus, and L. miniatus during

interspecific interactions.

Materials and methods

Most fishes used in the trials (86 H. cyanoguttatus, 80

L. macrochirus, and 6 L. miniatus) were collected from

canals and bayous in the GNOMA from January to August

2007 using electrofishing, seining, and trapping. Additional

L. macrochirus were obtained from a local hatchery to

supplement the number of wild-caught fish. It is possible

that hatchery L. macrochirus had differences in behavior

from wild-caught L. macrochirus but this was not measured

here. Approximately half of all L. macrochirus were from

the local hatchery. All H. cyanoguttatus and L. macrochirus

were juveniles (range 40–100 mm SL) and were given at

least a week to acclimate to laboratory conditions. The six

L. miniatus (range 90–130 mm SL) may have been large

enough to be adults (Ross 2001). Species were maintained

separately in 400-l aquaria prior to trials. All fishes were fed

ad libitum with commercial fish food and aquaria were

filtered by air-driven sponge filters. Water conditions were

measured before each trial. Temperature was kept at 24.5�C

and never varied more than 0.5�C, pH remained constant at

7.5 for every trial. No mortalities occurred during these

trials. Herichthys cyanoguttatus, Lepomis macrochirus, and

L. miniatus were either kept for other experiments (not

related to behavior) or sacrificed by freezing after the trials.

Lepomis miniatus were donated to a local aquarium for a

native species display.

Behavioral trials were conducted in 75-l aquaria con-

taining gravel substrate and an air-driven sponge filter.

Based on similar behavioral trials (Wazlavek and Figler

1989; Ratnasabapathi et al. 1992; Glova 2003; Metcalfe

et al. 2003), one fish was introduced into the experimental

aquaria and allowed 24 h to acclimate to either a clay pot

or a portion of PVC pipe (the ‘‘territory’’). After 24 h of

residence, an opaque divider was inserted into the middle

of the aquarium and a fish of similar size but different

species was introduced to the opposite side. This ‘‘invader’’

was also provided with a temporary territory upon intro-

duction to the aquarium to reduce handling stress. After

10 min, the temporary territory and divider were removed

and all interactions were videotaped for 10 min. To mini-

mize observer effects, no humans were in the room during

videotaping. After each trial, both fishes were removed

with a net, measured to the nearest mm standard length

(SL), and weighed to the nearest g. Individual fish were

used only once during these behavioral trials. Forty trials

were conducted with L. macrochirus as the resident and

H. cyanoguttatus as the invader, with 20 trials having a

H. cyanoguttatus larger than the resident and 20 trials

having a H. cyanoguttatus smaller than the resident. No

invading fish were more than twice or less than half the size

of the resident. This approach was repeated for another 40

trials with a H. cyanoguttatus as the resident and a

L. macrochirus as the invader.

A similar approach was taken to observe H. cyano-

guttatus–L. miniatus interactions, though only six total

trials were conducted due to a lack of available L. miniatus.

All trials involved L. miniatus as the resident. As with the

other trials, half (3) of the trials involved a H. cyanogutt-

atus smaller than the resident and half involved a

H. cyanoguttatus larger than the resident. For these six

trials, both sets of H. cyanoguttatus and L. miniatus were

larger adult fish (range 90–130 mm SL).

From the videotape, we recorded the number and type of

aggressive behaviors exhibited by the fishes. Specifically,

we counted the number of:

1. lunges (a fish moving toward its opponent with flared

opercula);

2. lateral displays (a fish turning its body sideways to its

opponent with fins spread and usually undulating);

3. chase/bites (an escalated behavior when a fish either

intends injury by chasing or actually inflicts injury

with a bite).

This is a rough order of how cichlids sequentially assess

one another in contests (Enquist et al. 1990). These

behaviors were then summed together to obtain ‘total

aggressive behavior’ counts for each fish. If a fish repeated
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the same behavior multiple times without any behavioral

interaction from the opponent (e.g., several consecutive

lunges), the behavior was only counted once. Unfortu-

nately, it was unclear which fish owned the territory at the

end of most trials (no obvious ‘‘victor’’).

We used three-way ANOVA to analyze aggression data,

with the main effects of size (larger or smaller), residence

(resident or invader), and species (L. macrochirus or

H. cyanoguttatus). Homogeneity of variances was assessed

with Levene’s test. To determine whether datasets met the

assumption of normality, histograms and normal P–P plots

of residuals were visually inspected. Additionally, multi-

collinearity (i.e., correlation of variables) was tested with

Durbin–Watson statistic (accepted if 1.0–3.0). Square-root

(?1) transformations were used to normalize the distribu-

tions of three response variables (‘lunge’, ‘display’, and

total aggression). We were unable to transform the

response variable ‘chase’ such that its distribution met our

standards of normality, and therefore did not perform sta-

tistical analysis on this variable. When both main effects

and interactions were significant, we compared their rela-

tive strengths with partial eta-squared scores. When partial

eta-squared scores for the interaction were greater than the

main effects, only the interaction term(s) was/were

discussed.

To analyze significant interactions, we compared the

four separate distributions (every combination of the two

main effects) with one-way ANOVA. Levene’s test was

used to determine whether variances were heterogeneous,

and when they were, we used Dunnett’s T3 test for post hoc

analysis. To take into account the fact that we performed

multiple tests on the same dataset, we set our acceptable

level for significance as P \ 0.01.

For L. miniatus trials, residence was always the same

(‘invader’ for H. cyanoguttatus and ‘resident’ for L. miniatus).

Thus, a two-way ANOVA was performed examining the

effects of species (H. cyanoguttatus vs L. miniatus) and

size (larger or smaller) on the total number of aggressive

acts. The data were tested for normality and homogeneity

of variances as above (for L. macrochirus) and it was

determined that no transformation was needed. Because the

number of trials was small, the four subsets (species 9 size

combinations) were not compared. All analyses were

carried out using SPSS v. 12.0.

Results

Results from the three-way ANOVA analyses of aggressive

behaviors between H. cyanoguttatus and L. macrochirus

showed that the interaction of species and ownership was

the most significant variable (Table 1). Partial eta-squared

scores for the interaction term (species 9 ownership;

Table 1) were generally greater than either of the two main

Table 1 ANOVA tables for: total aggression, displays and lunges for H. cyanoguttatus versus L. macrochirus interactions and total aggression
for H. cyanoguttatus versus L. miniauts interactions

Source Type III sum of squares df Mean square F P Partial eta-squared

H. cyanoguttatus versus L. macrochirus interactions

Total aggression

Corrected model 102.29 7 14.61 16.89 0.000 0.437

Intercept 848.16 1 848.16 980.05 0.000 0.866

Species 1.12 1 1.12 1.29 0.258 0.008

Size 2.99 1 2.99 3.45 0.065 0.022

Owner 35.76 1 35.76 41.32 0.000 0.214

Species 9 size 1.23 1 1.23 1.42 0.235 0.009

Species 9 owner 54.55 1 54.55 63.04 0.000 0.293

Size 9 owner 0.58 1 0.58 0.67 0.415 0.004

Species 9 size 9 owner 6.07 1 6.07 7.01 0.009 0.044

Error 131.55 152 0.87

Total 1,082.00 160

Corrected total 233.84 159

Displays

Corrected model 58.50 7 8.36 20.94 0.000 0.491

Intercept 365.84 1 365.84 916.77 0.000 0.858

Species 17.11 1 17.11 42.87 0.000 0.220

Size 0.66 1 0.66 1.66 0.200 0.011

Owner 13.18 1 13.18 33.02 0.000 0.178
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effects (species and ownership); therefore, we discuss the

implications of the interaction relative to the behavior (and

not the main effects). This pattern was apparent for total

aggression, lunges, and displays (Table 1a–c). Total

aggressive behaviors (lunges ? displays ? chases) for

H. cyanoguttatus did not differ in response to its resident

versus invader status; however, L. macrochirus was more

aggressive than H. cyanoguttatus when a resident and less

aggressive than H. cyanoguttatus when an invader (Fig. 1).

Resident L. macrochirus were more likely to perform

lunges and displays than invading L. macrochirus or

H. cyanoguttatus (resident or invader; Figs. 2 and 3).

Lepomis miniatus was more aggressive than

H. cyanoguttatus, and this was especially true when the

L. miniatus individuals were larger than their H. cyanoguttatus

tank mates (Table 1d; Fig. 4).

Discussion

Non-native H. cyanoguttatus showed consistent levels of

aggression as intruders and as residents, whereas native

L. macrochirus had the highest overall levels of aggression

(but only as residents). Native L. miniatus were also

aggressive residents. These data show H. cyanoguttatus to

be aggressive towards centrarchids in two different con-

texts (as resident and invader). The difference in behaviors

between the species could indicate distinct game theory

strategies; non-native H. cyanoguttatus appear ‘hawk-like’

(sensu Maynard Smith 1974, 1982) because it is aggressive

in all encounters, native L. macrochirus appear to be

‘hawk-like’ while defending territory and ‘dove-like’ while

invading territory. This would categorize L. macrochirus as

‘bourgeois-like’ (Maynard Smith 1974, 1982). The actual

Table 1 continued

Source Type III sum of squares df Mean square F P Partial eta-squared

Species 9 size 0.02 1 0.02 0.06 0.814 0.000

Species 9 owner 27.21 1 27.21 68.19 0.000 0.310

Size 9 owner 0.28 1 0.28 0.69 0.406 0.005

Species 9 size 9 owner 0.04 1 0.04 0.10 0.747 0.001

Error 60.66 152 0.40

Total 485.00 160

Corrected total 119.16 159

Lunges

Corrected model 44.40 7 6.34 14.03 0.000 0.393

Intercept 556.89 1 556.89 1231.96 0.000 0.890

Species 22.89 1 22.89 50.64 0.000 0.250

Size 0.27 1 0.27 0.60 0.441 0.004

Owner 6.20 1 6.20 13.73 0.000 0.083

Species 9 size 0.27 1 0.27 0.60 0.439 0.004

Species 9 owner 10.76 1 10.76 23.81 0.000 0.135

Size 9 owner 0.78 1 0.78 1.73 0.191 0.011

Species 9 size 9 owner 3.22 1 3.22 7.12 0.008 0.045

Error 68.71 152 0.45

Total 670.00 160

Corrected total 113.11 159

H. cyanoguttatus versus L. miniauts interactions

Total aggression

Corrected model 909.45 3 303.15 6.42 0.006 0.579

Intercept 4,779.49 1 4,,779.49 101.22 0.000 0.878

Species 530.53 1 530.53 11.24 0.005 0.445

Size 0.08 1 0.08 0.00 0.967 0.000

Species 9 size 320.53 1 320.53 6.79 0.021 0.327

Error 661.05 14 47.22

Total 6,471.00 18

Corrected total 1,570.50 17

See text for details of analyses
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game theory strategies of these species can only be dis-

covered by examining the costs of fighting and the benefits

of holding these territories. In a separate study with paired

L. macrochirus and H. cyanoguttatus, Lorenz and

O’Connell (2008) noted reduced growth of H. cyanogutt-

atus that were larger than their L. macrochirus counter-

parts, compared to smaller (and presumably non-dominant)

H. cyanoguttatus. It is possible that the costs of holding a

territory limited the growth of the dominant individuals.

These fish were introduced at the same time and were kept

in large pools, so residence and actual interactions were not

measured. Further study of territory costs in these species

could be done with closer observations of growth and

dominance.

Brooks and Jordan (2009) found resident tilapia (Tilapia

mariae) to be more aggressive residents than centrarchids.

Using a mix of centrarchid species, they also had the

unusual result of neither tilapia nor centrarchid being

aggressive as intruders. This contrasts with this study

where H. cyanoguttatus is aggressive as both an intruder

and as a resident, and where L. macrochirus and

L. miniatus are much more aggressive as residents. It is

possible that the long residence time used (3 days) or the

small aquaria (18 l) affected the results in their study, but it

is hard to explain the lack of aggression of resident cen-

trarchids, especially considering the lack of aggression of

invading tilapia in those pairings.

Fishes use different behaviors to communicate different

levels of aggression when there is a contest over a territory

(Enquist et al. 1990), and these different behaviors were also

apparent with these contests. No sequential data were

recorded, but lateral displays and lunges were used before

chasing and biting. Lateral displays are the most common

display for L. macrochirus and lunges are the most common

display for H. cyanoguttatus. There was a nonsignificant

increase of lateral displays for larger H. cyanoguttatus. This

may indicate the desire of H. cyanoguttatus to communicate

its advantage in size to prevent any damaging combat and

has been recorded in other cichlids, especially early in

contests (Enquist et al. 1990). Escalated behavior, chasing

and biting, was most common with L. macrochirus that were

defending a territory. This indicates the perceived value of

Fig. 1 Mean (±1 SE) number of total aggressive acts of H. cyano-
guttatus and L. macrochirus. Gray bars aggressive acts when fish

were invaders; black bars resident fishes. See text for details of data

collection and how aggressive acts were scored and counted. Letters
above each value denote significantly different subsets (one-way

ANOVA with Dunnett’s T3 post hoc; P \ 0.01)

Fig. 2 Mean (±1 SE) number of lunges of H. cyanoguttatus and

L. macrochirus. Gray bars aggressive acts when fish were invaders;

black bars resident fishes. See text for details of data collection and

how aggressive acts were scored and counted. Letters above each

value denote significantly different subsets (one-way ANOVA with

Dunnett’s T3 post hoc; P \ 0.01)
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the territory for resident L. macrochirus, which were willing

to risk injury by engaging in costly behavior. The interspe-

cies communication of sequential assessment only seemed

to break down at the occasional attempt by H. cyanoguttatus

to ‘mouth wrestle’, which is a common aggressive

behavior in cichlids (Draud and Lynch 2002). The native

L. macrochirus did not engage in this behavior and turned

away from such challenges. Interestingly, L. miniatus chose

to bite H. cyanoguttatus that attempted to mouth wrestle.

Other aspects may affect behavior between two species.

Size of territories is relevant. Convict cichlids (Archocen-

trus nigrofasciatus) have a cost associated with increasing

territory size (Breau and Grant 2002). In conjunction with

territory size, fish density will also be important. In the

GNOMA canals, H. cyanoguttatus live in very high den-

sities and the combination of this with their ‘hawk-like’

behavior may be significant. There is also the issue of

multiple species interactions, including new strategies,

such as a ‘sneaker’ stealing the resource (Dubois et al.

2004), which could exploit the ‘‘aggressive neglect’’ of

hawk strategies (Wilson 1975). Large schools of fish can

also overwhelm territorial fish as seen in the ‘‘St. Ignatius

effect’’ (Barlow 1974). In addition to prior residence, there

are other important variables. Size is important in deter-

mining the outcome of contests in cichlids (Barlow et al.

1986; Wazlavek and Figler 1989; Keeley and Grant 1993;

Turner 1994). Temperature would also be a potential fac-

tor, especially with the tropical cichlids (Ratnasabapathi

et al. 1992). Introduced eastern mosquitofish (Gambusia

holbrooki) showed less aggression towards native Spanish

toothcarps (Aphanius iberus and Valencia hispanica) when

temperatures were lower (Rincon et al. 2002).

The aggression of juvenile fish in the present study

suggests that territoriality is not just restricted to breeding

adults, though strategies are known to change in fishes

when they become larger and more capable of inflicting

damage (Leiser et al. 2004). It also suggests that the ter-

ritory being defended is more likely associated with

increased food resources or protection from predators. The

convict cichlid will defend predictable resources of food

(Grand and Grant 1994). However, both H. cyanoguttatus

Fig. 3 Mean (±1 SE) number of displays of H. cyanoguttatus and

L. macrochirus. Gray bars aggressive acts when fish were invaders;

black bars resident fishes. See text for details of data collection and

how aggressive acts were scored and counted. Letters above each

value denote significantly different subsets (one-way ANOVA with

Dunnett’s T3 post hoc; P \ 0.01)

Fig. 4 Mean (±1 SE) number of total aggressive acts of H. cyano-
guttatus and L. miniatus. Grey bars aggressive acts when fish were

smaller than the other species; black bars fish that were larger than the

other species. See text for details of data collection and how

aggressive acts were scored and counted. Because the number of trials

was small, the four subsets (species 9 size combinations) were not

compared
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and L. macrochirus have generalist feeding strategies and

L. macrochirus leaves a food patch when food resources

are plentiful (Wildhaber et al. 1994), indicating that food

patches are not a critical item for them to defend. Studies of

aggressive behavior under different levels of predation

pressure and cover could demonstrate the relative impor-

tance of these variables to individual species.

Aggression of H. cyanoguttatus in these trials may play

a role in affecting native fishes, especially since similar

aggression has been observed in the field (Courtenay et al.

1974; personal observation). Our results suggest a more

specific explanation as to why H. cyanoguttatus continues

to expand its range in Louisiana. There is an energetic cost

to aggression and these trials show that there is typically a

contest of long duration between H. cyanoguttatus

and L. macrochirus if the sizes are close, especially if

L. macrochirus are the residents. This is a serious concern,

because there are high densities of H. cyanoguttatus in the

areas where it is found, and prior residence will not dis-

suade H. cyanoguttatus from aggressively interacting with

native species. Invasive species that initiate aggressive

encounters can displace native species, as has been seen

with the invasive Argentine ant (Linepithema humile;

Human and Gordon 1999). Other studies show effects of

invasive species on natives via aggressive behavior

(Gunckel et al. 2002; Warburton and Madden 2003;

Klocker and Strayer 2004; Dame and Petren 2006). Like

many invasive species, H. cyanoguttatus is most successful

in disturbed habitats, including GNOMA (personal obser-

vation), and this could be due to a lack of complex inter-

actions in the relatively low diversity of city canals. This

invasive species appears to be displacing native species

(O’Connell, unpublished data) and it is possible that this is

due in part to competitive interactions. Lorenz (unpub-

lished data) indicates that H. cyanoguttatus diet in

GNOMA is varied, with some animal diet in more natural

waterways and algae in canal systems, which may also be

relevant to competitive interactions. Much of this must

be viewed as speculative, and more work still needs to be

done to learn more about costs and benefits of these

strategies in laboratory and field conditions. Further

examination of behavioral interactions between native

and non-native species can help resource managers iden-

tify species that pose the greatest threat to native

communities.
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