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Abstract

Invasive species management can be challenging or even impossible, especially in aquatic environments. To determine if the
tropical origins of an invasive species affected where it could be targeted, we constructed a study to compare winter behavior
of a tropical invasive to a temperate weather native species in Louisiana. The winter activity and cold tolerance of ten invasive
Rio Grande Cichlids, Herichthys cyanoguttatus and ten native bluegill, Lepomis macrochirus was observed using an outdoor
pond with a dual antenna PIT tag array and an artificial culvert created inside of the pond. All fishes had PIT tags injected into
their lateral musculature. Both species were active at temperatures below 10°C and all twenty fish survived temperatures
as low as 7°C. Even though the invasive H. cyanoguttatus is a member of a tropical family of fishes, activity and even feeding
behavior of both species was similar up to 13°C, but H. cyanoguttatus individuals were more active than bluegill at higher
temperatures. Both species appeared to use the culvert during cold fronts, demonstrating that the behavior of both species
during cold weather were remarkably similar. This study illustrates the thermal tolerance abilities of H. cyanoguttatus in New

Orleans and also demonstrates their potential for invading other cold-water habitats.
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Abbreviations: PIT: Passive Integrated Transponder; of invasive species [2]. Understanding the biology of the

HDX: Half-Duplex; GLMM: Generalized Linear Mixed Models;
BIC: Bayesian Information Criteria.

Introduction

Invasive species are damaging to ecosystems and cost
over $100 billion annually [1]. Invasive species control is
typically a challenging task, but there are many success
stories involving elimination or great reduction in numbers
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invasive species is key to many of these success stories.
Sea lamprey pheromones and sterile male insects are two
examples where knowledge of the invasive species’ biology
aided in control or elimination of the species [3,4].

The Rio Grande Cichlid (Herichthys cyanoguttatus) is an
invasive fish species that has been presentin New Orleans for
decades [5,6]. The species is native to northeast Mexico and
southern Texas from the Rio Conchos to southern drainages
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of the Rio Grande River [7]. In addition to Louisiana, this
species has been introduced beyond its native range into
drainages in both Texas and Florida (Fuller et al,, 1999).
Concerns over the continued spread of H. cyanoguttatus
throughout these invaded habitats are driven by its salinity
tolerance and its relatively rapid spread throughout the city
and adjacent areas, including new parishes in the last decade
[8,9].

One potential limiting factor to the further spread of
H. cyanoguttatus is that cichlids have been shown to have
difficulty with cold tolerance [10,11]. Most of the cichlids
tested under laboratory conditions fare poorly, exhibiting
extreme responses, loss of equilibrium and death, when
the temperatures approach the 10-degree Celsius mark.
However, H. cyanoguttatus is the northern-most species of
naturally occurring cichlid in North America, therefore the
cold tolerance of this species is of interest as it is the most
likely of any cichlid species to find success as invader in more
temperate latitudes, especially if climate change creates more
suitable environments for invasions [12]. Siemien and Stauffer
(1989) found that H. cyanoguttatus could survive at unusually
low temperatures (7 degrees Celsius) for cichlids [13].

If it can be determined that there are thermal refuges
being used, these refuges could be managed in a way to
further the impact of cold winters. This and other cichlid
species have been more successful in disturbed habitats
versus natural ones. This may be due to lower relative
temperatures experienced outside of urban environments,
either because of heat generated in the city or thermal
refuges not available in natural habitats. Buildings in general
and concrete in the canals specifically consist of materials
known to retain heat [14]. Overpasses in New Orleans and
areas with more concrete held heat better than natural
bayous nearby, as observed when temperature data loggers
were deployed in both areas (Lorenz, pers obs).

Some behavior by H. cyanoguttatus in the fall months
also indicates a shift in habitat use. Herichthys cyanoguttatus
is easily observed grazing and breeding in late spring and
summer months. This is represented clearly by the gut
contents of canal dwelling cichlids in particular, which
almost entirely consist of algae (Lorenz pers obs). In the fall
the cichlids start to form loose shoals that move about the
canals until late fall when no cichlids are seen at all. This sort
of behavior (grazing, shoaling) is also observed in a close
relative, H. tamasopoensis [15]. The virtual disappearance
of the cichlids in the canals has created the hypothesis that
cichlids are shifting habitat use to culverts and overpasses
and these invasive fish could be targeted at these locations if
they use them during known times and/or temperatures and
if they use these areas differently than native fishes.
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Our experiment examined H. cyanoguttatus activity
compared to native fish of similar size (Lepomis macrochirus),
at different overwintering temperatures in an artificial
outdoor mesocosm with a culvert. We constructed the
mesocosm and added tagged fish and a PIT tag array to
answer the two following questions: 1) do activity patterns
of invasive and native species vary at different temperatures?
and 2) do invasive cichlids differ from native bluegill in
activity level at low temperatures?

Materials and Methods
Mesocosm Construction

The mesocosm was constructed using a frame of cinder
blocks and mortar. The dimensions of the pond were 4.5
m long and 1.8 m wide and 0.6 m high. With a pond liner
installed, the water filled to a height of approximately 0.4 to
0.5 m in depth. 2.5 centimeters of sand was used as substrate
and 6 cinderblocks were distributed evenly and on end to
provide cover in the two thirds of the pond that were open.
The other third consisted of the culvert, which was created by
balancing six 61cm X 61 cm X 3 cm pavement stones. Three
of these stones covered the entire width of the pond with less
than 5 cm total overlap of the stones and two rows of these
stones then created a covered area of approximately 1.6 m
by 1.2 m. These pavement stones were supported to a height
of 0.5 to 0.6 meters by cinder blocks and bricks underneath
(Figure 1).

Figure 1: Diagram of the mesocosm pond construction,
and schematic of the RFID array design.

Filtration was performed in a sump created by a 416
liter stock tank, connected by 2.5 cm diameter hoses to the
pond. A UV filter (Tetrapond UVC-9) and sump pump (Rio
Plus Powerhead 1700) treated and recirculated the water
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back to the pond from the sump. Fish were fed Hikari food
sticks ad libitum three times a week.

Tagging

Eleven H. cyanoguttatus and eleven L. macrochirus were
collected from City Park in New Orleans using either hook-
and-line, electrofishing, or cast net. Each fish was given one
week of acclimation in a 416 liter tank with an air driven
sponge filter. Individual adult fish were tagged with half-
duplex (HDX) passive integrated transponder (PIT) tags
while sedated by clove oil at 4mg/L concentration (2 ml
added to 5 liters of water) and an airstone was added to aid
in respiration during the process [16,17]. Fish were tagged
intramuscularly after fish were sedated (always in less than
2 minutes) and placed in fresh water less than 5 minutes
after sedation (less than 7 minutes after initial sedation)
[18]. Recovery appeared to take less than 10 minutes for all
individuals and all individuals survived the duration of the
experiment.

Array

To investigate the activity of tagged L. macrochirus and
H. cyanoguttatus, a PIT tag array was constructed to record
any movement activity [19,20]. This array is a monitoring
station that records half-duplex (HDX) passive integrated
transponder (PIT) tags using a multiplexer self-contained
Oregon RFID monitoring station (Multi-Antenna HDX reader,
Oregon RFID) powered by one 12V deep cycle marine
battery enclosed in a field box to for protection from the
climate. The reader is connected to two coiled antennas
encased in 5.08 cm diameter PVC sheaths anchored in the
mesocosm. Each antenna consisted of a continuous length
of 14 AWG stranded copper wire wrapped twice inside of a
PVC sheath. Inductance of each antenna was measured with
the Extech LCR Meter (Model 380193) in order to calibrate
within the 8-80 uH range. Each antenna achieved a reading
of 20.2 uH which is well within the ideal inductance range
needed for calibration with the Oregon RFID components
used. After calibration was complete the antennas were
sealed, waterproofed and anchored to the bottom of the
artificial culvert. The PVC sheathed antennas were placed
in two locations, one next to the culvert and one 1.8 meters
away from the first antenna. For the purposes of this study,
the antenna by the culvert was labeled “Antenna 1” and the
antenna farther away was labeled “Antenna 2”. Both antennas
were 1.35 meters from the ends of the mesocosm.

Throughout the experiment our antennas held
amperage levels adequate for maintenance of a complete
electromagnetic field throughout our test field but weekly
checks of the voltage and reader levels ensured stable voltage
levels and tuning range. Batteries were exchanged every
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other day to maintain a voltage above 11V. The data in the
array was periodically uploaded onto a laptop during one of
the battery exchanges. Hobo temperature data loggers were
deployed in shade and sun and within the culvert to record
average water temperatures for analyses.

Fish Activity

Measuring activity directly is difficult when location data
is limited to when the animal passes a specific location. We
had two stations (antenna 1 and antenna 2) that measured
the entire cross section (1.8 m apart) of mescosm and felt
that we could use movement as a proxy for activity (Figure
1). For this study, a movement was defined as when a fish was
detected at a different location than its previous detection
within one hour. To test for differences in movement between
species and with respect to temperature, we employed two
different generalized linear mixed models (GLMM) using R
and the Ime4 package [21]. For both models, temperature,
species and an interaction between temperature and species
were treated as fixed effects, while individual and date
were treated as random effects. To better understand the
relationship between whether or not a fish moved in a given
hour, movement or non-movement was treated as a binary
response for a binomial GLMM. To better understand the
relationship of hourly movements, hourly counts were used
as a response variable in a Poisson GLMM. For both models,
Bayesian Information Criteria (BIC) was used to select the
most parsimonious model [22].

Results

All fish survived the duration of the experiment with no
loss to temperatures as cold as 7 degrees Celsius and no loss
to predation due to being outdoors. Growth was minimal
(not measureable) for all individuals, despite feeding even
during the coldest months. The null model was found to
be the most parsimonious for both the binomial and the
Poisson GLMMs. We found a significant positive correlation
between movements and temperature between species.
There was a significantly larger slope between movements
and temperature for H. cyanoguttatus (Figure 2). There was
also a stronger positive correlation between movements
and temperature for H. cyanogutatus than L. macrochirus.
Individual “pings” of activity rarely exceeded 2000 at any
temperature for L. macrochirus, while it approached 4000
pings at higher temperatures (20 degrees Celsius) for
H. cyanoguttatus. There was no significant difference in
overall mean movements between species, however when
controlling for the effect of temperature, mean hourly
movements were higher for H. cynagutattus (Tables 1 & 2).
Activity did not appear to differ at the lowest temperatures
between the two species.
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Figure 2: Range of activity (pings) between Herichthys
cyanoguttatus and Lepomis macrochirus at different
temperatures.

Estimate| SE z p
Intercept -1.74495(0.13759| -12.683 | <0.001
Species 0.3482210.17797| 1.957 | 0.0504
Temperature 0.36665 |0.02575| 14.237 | <0.001

Species:Temperature| 0.22499 |0.02245| 10.024 | <0.001

Table 1: Binomial BIC suggested that the null model was
the most parsimonious Binomial GLMM and those results
are presented here. All fixed effects, except for species, were
significant predictors of whether an individual movement (p
< 0.05).

Estimate| SE z p
Intercept -0.88054|0.20549|-4.285| <0.001
Species 0.40645 |0.25933| 1.567 | 0.117
Temperature 0.30262 |0.01638|18.478| <0.001
Tersnp;ecris;re 0.29485 |0.01205|24.459| <0.001

Table 2: Poisson BIC suggested that the null model was the
most parsimonious Poisson GLMM and those results are
presented here. All fixed effects, except for species, were
significant predictors of movements (p < 0.05).

Conclusion

The results of the movement analyses suggest that
H. cyanoguttatus had similar movements with respect to
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temperature as L. macrochirus, despite differences in natural
history and range. L. macrochirus is a more temperate
fish and its current distribution extends much higher
latitudinally than H. cyanoguttatus, a more tropical cichlid.
One significant difference between species observed in this
study is a significantly larger slope between temperature
and movements was observed for H. cyanoguttatus, but there
was not a significant difference in mean movements between
species. This indicates that H. cyanoguttatus maintained
a similar activity level as bluegill at low temperatures but
became more active than bluegill at warmer temperatures.

While there was a difference between activity between
H. cyanoguttatus and L. macrochirus, it was not at lower
temperatures. Both species stayed active at low temperatures
and both species used the culvert and were not observed
outside of the culvert during the coldest day of every cold
front that passed through. Cold tolerance for both species
clearly goes as low as 7 degrees Celsius, which is lower than
what is thought possible for most cichlids, and was reported
as the lower lethal temperature for this species [13]. This
has serious implications on the survivorship of this species
at low temperatures and the possible places that could be
invaded. It is possible that negative effects were incurred but
unobserved, however these cichlids were used in additional
experimental studies suggesting this is not the case (Ron
Oldfield pers obs).

Activity at Antenna 2 for higher temperatures (above
16 degrees Celsius) was greater for H. cyanoguttatus than
for L. macrochirus (Figure 2), and this has implications as
well. This increased activity of the invasive versus the native
can mean fewer foraging or spawning habitat for bluegill.
This supports previous observations that H. cyanoguttatus
is successful at invading new territories, and defending
those territories, while L. macrochirus is not struggles to
invade cichlid territory [23]. The timing of the dominance of
Antenna 2 is also disconcerting for L. macrochirus breeding
success because nests of bluegill are observed at higher
temperatures in the city and early breeding to avoid cichlid
dominance could mean lower survival of sunfish larvae [24].

Few studies have used PIT tag arrays in mesocosms
to observe fish movement [25]. Even fewer have observed
seasonal movement [26]. This study is a first to observe
overwintering behavior of an invasive species in comparison
to native species to the climate being examined. Interestingly,
the cold appeared to have no negative effects on the invasive,
raising the question of how to manage such a species.

In addition to low temperatures, salinity has also
been shown to not be a barrier [8]. It is possible that such
extremes limit growth and reproduction or that other
factors limit their spread, such as unsuitable feeding or
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breeding habitats outside of the urban canals. Management
of Rio Grande cichlids in general is difficult with their high
rate of reproduction and parental care typical of cichlids.
Targeting culverts in the winter for poisoning with rotenone
or electrofishing may still be effective, even though natives
will likely also be using these habitats. Native species can be
stocked or not removed (in the case of electrofishing). Future
field studies are needed to examine if these mesocosm
observations are also observed in wild fish overwintering
behavior.
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