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Animals adjust their behaviors based on information from multiple sources; however,
the brain can effectively process limited amounts of information. Therefore, attention
is restricted to a small portion of environmental stimuli. When animals process
multiple information inputs, focusing on information that is deemed important improves
detection probability. However, selective focus limits attention to other stimuli and
associated behavioral responses. In this study, we examined how Tanganyikan cichlid,
Neolamprologus furcifer, mothers selectively attack intruder fishes depending on the
threat level and presence or absence of offspring. Species composition is complicated
in Lake Tanganyika, and fish density is exceedingly high. Thus, parents must focus on
high-threat-level intruders according to their parental care stage. Compared to females
without offspring, mothers preferentially attacked carnivorous fishes farther from the
nest over closer scale-eating fishes. Moreover, the percentage of females with injuries
from scale-eating fish was significantly higher in those caring for offspring than those
without offspring, demonstrating the cost of limited attention. Our results show that
females focus on the early detection of carnivorous fishes because these predators dart
in from long distances to forage eggs, fry, and juveniles, but this selective focus limits
the attention placed on low-level threats. This study is the first to document the cost of
limited attention in parents guarding offspring.

Keywords: limited attention, offspring guarding, parental care, threat sensitivity, Neolamprologus furcifer, Lake
Tanganyika

INTRODUCTION

Animals gather information from the environment and often respond by altering their behaviors
(Shettleworth, 2010). However, the brain can process a limited amount of information at any
given time. Therefore, animals pay attention to and act on a subset of the available environmental
information (Dukas, 2002, 2004). Selective attention, i.e., selectively focusing attention on
information that is deemed important, has been shown to improve detection probability
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(Dukas, 2008). Employing a selective attention strategy is
beneficial to animals, especially those inhabiting complex and
stimuli-rich environments (Dukas and Ellner, 1993). However,
selective attention may limit other adaptive behaviors; previous
studies have reported decreases in anti-predator vigilance in
animals attending to feeding or conspecific intruders (e.g., Kaby
and Lind, 2003; Jones and Godin, 2010; Yee et al., 2013; Hess et al.,
2016; Ota, 2018).

Focusing on essential information is also crucial for parents
guarding their offspring. Offspring guarding (brood defense) is
recognized in many species, and successful defense strategies
increase reproductive success (e.g., Ridely, 1978; Sinn et al.,
2008). However, aggressive responses to non-predators incur
energy costs and may provide opportunities for predators. Thus,
parents should selectively attack depending on the threat level
(Matsumoto and Kohda, 2004). Carnivorous fishes dart toward
nests from long distances to attack eggs, fry, and juveniles; some
cichlid parents selectively attack carnivorous fishes at greater
distances from the nest to protect offspring (Nakano and Nagoshi,
1990; Ochi and Yanagisawa, 1998; Oliver and Watson, 1999). As
the distance from the nest increases, rapid and accurate detection
of predators becomes more difficult (Carlson, 1985). Selective
attention toward carnivorous fishes may prevent the detection
of fishes that attack from shorter distances. Limited attention
constraints can be assessed by comparing the attack distances
of parents guarding offspring and those without offspring, but
evaluations of the attack distance of parents without offspring
have been limited.

To test the cost of limited attention, we investigated the
responses of an African cichlid (Neolamprologus furcifer) with
and without offspring to different intruder species. N. furcifer is
endemic to Lake Tanganyika, breeding and foraging for small
shrimp on shaded vertical or overhanging flat surfaces of large
rocks (Yanagisawa, 1987; Satoh et al., 2017, 2018). These fish
display harem polygyny mating, with large males (10–13 cm
standard length [SL]) visiting and monopolizing multiple females
(8–10 cm SL). Females spawn clutches of ∼100 eggs within
their feeding territories and care for the offspring within their
breeding territories (Yanagisawa, 1987). The eggs will hatch a
minimum of 3 days after spawning. Newly hatched larvae adhere
to the rock surface for 4 days as they develop into 5.2-mm
juvenile (Yanagisawa, 1987). Juvenile initially feed on floating
plankton and begin to forage for benthic prey, mostly small
shrimp, after 2 weeks (Satoh et al., 2018). Juvenile remain in the
female foraging territory, where they are guarded by the female
parent, for approximately 9 weeks after hatching. Juvenile begin
to distance themselves from one another when they reach an SL
of∼10 mm (Yanagisawa, 1987).

More than 250 fish species are recognized in Lake Tanganyika
(Brichard, 1978). Fish density is exceedingly high and the
species composition is complex, especially in the littoral zone
(Hori, 1983). We measured the distance from the nest at which
N. furcifer females attack intruders when faced with multiple
stimuli at each parental care stage (no offspring, eggs and adhered
fry, juvenile). BecauseN. furcifer and other Lamprologine cichlids
are exposed to a large diversity of predators, we classified
intruders into three categories based on feeding type, namely,

carnivorous fishes, herbivorous fishes, and scale-eating fishes
(see Table 1; Hori, 1983; Takeuchi et al., 2010). The threat-level
varies across the categories. When females do not have offspring,
carnivorous fishes such as Lepidiolamprologus elongatus and

TABLE 1 | Classification of intruder fishes based on habitat and feeding
characteristics.

Species N Staple food Classification References

Lepidiolamprologus
elongatus

54 Fish Carnivorous
Fishes
(N = 111)

Takeuchi et al.,
2010

Lepidiolamprologus
profundicola

9 Fish Takeuchi et al.,
2010

Lepidiolamprologus
attenuatus

8 Fish Takeuchi et al.,
2010

Neolamprologus
fasciatus

13 Fish + Shrimp Yuma et al.,
1998; Takeuchi
et al., 2010

Altolamprologus
compressiceps

11 Shrimp Takeuchi et al.,
2010

Lamprologus
callipterus

3 Shrimp Takeuchi et al.,
2010

Gnayhochromis
pfefferi

7 Shrimp Yuma et al.,
1998

Lobochilotes
labiatus

6 Diptera+ Shrimp Yuma et al.,
1998

Variabilichromis
moorii

10 Microfilamentous
algal

Herbivorous
Fishes
(N = 183)

Takeuchi et al.,
2010

Julidchromis
ornatus

30 Sponge + algal Takeuchi et al.,
2010; Hori per.
obs.

Telmatochromis
vitatus

79 Filamentous
algal

Takeuchi et al.,
2010

Interochromis
loocki

3 Unicellular algal Takeuchi et al.,
2010

Limnotilapia
dardennii

6 Unicellular algal Takeuchi et al.,
2010

Petrochromis
famula

13 Unicellular algal Takeuchi et al.,
2010

Petrochromis
fasciolatus

1 Unicellular algal Takeuchi et al.,
2010

Petrochromis
polyodon

2 Unicellular algal Takeuchi et al.,
2010

Simochromis
diagramma

3 Filamentous
algal

Takeuchi et al.,
2010

Tropheus
moorii

8 Filamentous
algal

Takeuchi et al.,
2010

Cyathopharynx
furcifer

1 Detritus + algal Takeuchi et al.,
2010

Opthalmotilapia
ventralis

27 Detritus + algal Takeuchi et al.,
2010

Perissodus
microlepis

41 Scale Scale Eater
(N = 41)

Takeuchi et al.,
2010

Neolamprologus
savoryi

4 Zoo-
plankton+ Benthos

Others Takeuchi et al.,
2010

Caecomacembelus
spp.

4 Unknown /

Synodontis
spp.

2 Unknown /

Neolamprologus
furcifer

3 Shrimp Yanagisawa,
1987
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Nosopsyllus fasciatus, are the priority for attack because they
compete with N. furcifer for food resources. When females
are caring for offspring, the threat level of carnivorous fishes
increases because these fish also attack nests and feed on eggs
and juvenile (Hori, 1983; Nakano and Nagoshi, 1990). Thus,
N. furcifer females are predicted to attack carnivorous fishes
from further distances when guarding offspring. In contrast,
scale-eating fishes such as Perissodus microlepis remain a threat,
regardless of the parental care stage; this species rarely consumes
eggs and juvenile, but is a direct threat to adult females
(Nshombo et al., 1985). Alternatively, herbivorous fishes do
not pose a threat, regardless of the parental care stage. If
selective attention toward carnivorous fishes limits parental
attention toward lower threat-level intruders, females guarding
offspring may attack herbivorous and scale-eating fishes closer
to the nest. If selective attention does not constrain attention,
the attack distance toward herbivorous and scale-eating fishes
will not change, regardless of the attack distance toward
carnivorous fishes.

MATERIALS AND METHODS

Fieldwork
Behavioral observations were recorded from October 7 to
December 14, 2014, by SCUBA diving in the rocky area
at Wonzye Point (depth, 3–8 m; 8.430◦S, 31.080◦E), near
Mpulungu, Republic of Zambia. Two adjacent study areas
(20 × 20 m and 20 × 50 m, divided into 2 × 2 m grids) were
established at this location. All breeding N. furcifer females in
these areas were identified by natural markings and body size
(SL). We then haphazardly chose seven breeding females for
observation (brood size: 9–63 fry). Each nest was monitored
for eggs and newly hatched fry five times per week. When
we discovered eggs in a nest, we estimated the spawning date
based on egg coloration (Yanagisawa, 1987; Satoh, personal
observation). We categorized each nest by parental care stages:
egg and adhered fry stage (0–5 days after spawning (DAS), n = 4
nests), juvenile stage (≥6 DAS, n = 6 nests), and offspring absent
stage (∼7 day after offspring dispersal, n = 7 nests) (Yanagisawa,
1987; Satoh et al., 2018).

We installed underwater video cameras (HDR-GWP88; Sony,
Japan) to record the aggressive behavior of N. furcifer. Nests
(Figure 1A) were recorded for 30 min; one camera provided
a lateral view (Figure 1B), while the other simultaneously
provided an overhead view (Figure 1C). These view angles
are most appropriate for vertical rock surfaces (Yanagisawa,
1987). We observed the N. furcifer behavior for a total of
510 min. We concurrently identified intruder species with video
recording because video identification can be difficult. Intruder
fish species were classified as carnivorous, herbivorous, or scale-
eating following Hori (1983) and Takeuchi et al. (2010) (Table 1).

To test whether N. furcifer adults received more attacks
from scale-eating fish while caring for offspring, we haphazardly
chose 14 breeding and 45 non-breeding adult females within
the study area and observed whether they had wounds from
scale-eating fish. The presence of scale-eating wounds can be

easily distinguished by the white coloration that appears on
the body surface where scales have been removed (Satoh,
personal observation).

Behavioral Recording
The center of the nest was determined from the position of
the eggs and adhered fry. When juvenile began free-swimming,
the centroid of the area that juveniles used for forage was
designated as the nest center (Satoh et al., 2018; Figure 1A). We
recorded the distribution of all juvenile for 30 min to estimate
the centroid of the nest. The centroid was estimated using a
function in ImageJ1. The juvenile-forage-area centroid was also
considered the center of the nest when offspring are absent, as the
female uses the same area for foraging. The nest center position
may fluctuate throughout the stages of parental care; however,
the center positions did not vary greatly in this study (Satoh,
personal observation).

The attack distance was defined as the distance between the
center of the nest and the position of the intruder’s head when
the focal female began to display territorial aggression behaviors.
Video data obtained from two cameras were analyzed frame
by frame, and horizontal distances α (Figure 1B) and angles β

(Figure 1C) were measured using ImageJ. The attack distance
was calculated from these measurements using the following
equation: attack distance = α/(cosβ).

We excluded 41 events from the sequential analysis: three
events in which the intruder fish showed counter-aggressive
behavior toward the female nest-holder, e.g., frontal display or
mouth fighting (n = 2 offspring absent; n = 1 eggs and adhered
fry stage); 15 events where the correct position of the intruder
fish could not be determined from the videos (n = 4 offspring
absent; n = 1 eggs and adhered fry stage; n = 10 juvenile stage);
23 events in which the intruder fish invaded the nest just after
the female attacked another intruder fish (n = 23 juvenile stage).
For the first situation, we cannot measure correct attack distance
because intruder fish approached when females dashed toward
the intruder. The third situation was excluded because it was
not that parents did not attack up to that point and it was
difficult to treat that distance as other cases. Thus, we analyzed
336 events in this study.

Statistical Analyses
All statistical analyses were performed using R version 3.1.1 (R
Core Development Team). The log-transformed attack distance
(Kolmogorov–Smirnov test, D = 0.064, p = 0.565) was fitted as
the response term in our linear mixed model (LMM); nest ID and
observation date were fitted as random factors. The intruder fish
type and parental care stage were fitted as fixed factors, and the
two-way interaction between these parameters was also assessed.
If females divide their attention based on the intruding species
type and parental care stage, a significant two-way interaction is
expected. When such an interaction was observed, we performed
a post-hoc test with sequential Bonferroni correction. All analyses
were two-tailed. Pearson’s chi-square test was used to determine

1https://imagej.nih.gov
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FIGURE 1 | Neolamprologus furcifer nest depiction. The nest area is shown in gray and the center of the nest is marked with a circle. Solid black lines show attack
distance; broken gray lines represent the distance between the female and the intruder when the female began to behave aggressively. (A) Depiction of
Neolamprologus furcifer female brood defense behavior against Julidochromis ornatus; Variabilichromis moori; Telmatochromis vittatus; Lepidiolamprologus
elongatus; Lobochilotus labiatus. (B) Depictions of the lateral and (C) overhead views of the nest recorded using video cameras. The attack distances were
estimated using the following formula: attack distance = α/(cosβ).

whether the percentage of females with injuries from scale-eating
fishes differed among females with and without offspring.

RESULTS

Intruder fish were classified based on feeding type (Table 1).
Among all nests, eight species of carnivorous intruders (n = 111)
were identified. The carnivorous fishes included species, such as
L. elongatus and N. fasciatus, that mainly feed on cichlid juvenile
under parental care (Kohda et al., 1997). Herbivorous fishes were
the most abundant (n = 183) and diverse (12 species) intruders,
consisting of mostly Tropheini, which feed on algae and are not
a threat to N. furcifer. Only one species of scale-eating intruder
was identified: P. microlepis (n = 41), which snatches and feeds
on scales from living fish (Hori, 1983) and is mainly a threat to
N. furcifer adults. In addition, we observed aggressive interactions
(n = 10) between N. furcifer and four other species that could not
be categorized as carnivorous, herbivorous, or scale-eating: the
cooperative-breeding cichlid Neolamprologus savoryi, spiny eel
Mastacembelus spp., small catfish Synodontis sp., as well as other
N. furcifer adults. These data were excluded from the sequential
analysis because of the small sample size.

The two-way interaction between intruder type and parental
care stage significantly affected the aggressive distance

(multifactorial LMM, F4,327 = 9.476, p < 0.001); the post-
hoc analysis results are presented in Table 2. First, we examined
the attack distance against each category of intruders (Figure 2).
The attack distance was greater against carnivorous fishes when
females were caring for offspring (egg and adhered fry, juvenile
stages) than when offspring were not present (p < 0.0001). The
attack distance against herbivorous fishes was greater when
females were caring for offspring in the egg and adhered fry stage
than the offspring absent stage (p < 0.0001). The scale-eating
intruder, P. microlepis, was attacked at greater distances when
offspring were absent than when offspring were in the juvenile
stage (p = 0.0016). Second, we compared the attack distances
among parental care stages (Figure 2). When females were not
caring for offspring, they did not selectively attack a specific
category of intruders (p > 0.138). During the egg and adhered
fry stage, the attack distances varied among each category of
intruders, attacking carnivorous fishes at greater distances,
followed by herbivorous fishes, and scale-eaters (p < 0.007).
During the juvenile stage, females attacked carnivorous fishes at
greater distances than other intruders (p < 0.0001).

Finally, we found that the percentage of females with injuries
caused by scale-eating fish was significantly higher when caring
for offspring (28.5% of breeding female, n = 14) than without
offspring (2.2% of non-breeding female, n = 45) (Pearson’s
χ2

3 = 49.379, p < 0.001).
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DISCUSSION

Animals are surrounded by extensive environmental
information; however, they are incapable of processing all
available information at one time. Thus, attention must be
divided, with a greater focus placed on information that is
deemed important, despite the resulting constraints on access
to less important information (Dukas, 2002, 2004). We assessed
the constraints of limited attention by comparing the attack
distances against intruders of varying threat levels among
N. furcifer females guarding offspring and without offspring. Our
results demonstrate that the attack distance toward carnivorous
fishes by female parents increased when caring for offspring,
whereas the attack distance toward scale-eating fish decreased.

Carnivorous fishes are food competitors and scale-eating
fishes are a direct threat to adult females (Yanagisawa, 1987),
whereas herbivorous fishes do not pose a threat to N. furcifer
(Table 1). Thus, we predicted that the attack distances
toward herbivorous fishes would be shorter than those toward
carnivorous and scale-eating fishes. However, we found that the
attack distances were similar across all categories of intruder
when females were not caring for offspring and were longer
toward herbivorous fishes when females were caring for egg and
adhere fry. This may be caused by the fact that the cost of
approaching herbivorous fish to N. furcifer is underestimated.
Herbivorous fish, such as Tropheini, that browse on algae (Hori,
1983), may pose a threat because exuberant algae in nests attract
the small shrimp that N. furcifer feed on (Tanaka et al., 2018).
Additionally, algae in the nest are also useful for attracting
the snails, Reymondia horei feeding on algae. The presence
of this snail in N. furcifer nests is essential because juvenile
masquerade as snails to avoid predation (Satoh et al., 2017).
If snails are removed from the nest, the frequency of attacks
against juvenile predators by N. furcifer mothers increases (Satoh
et al., 2017), incurring a greater energetic cost. Therefore, it is
beneficial for females to protect the nest from herbivorous fish
during parental care to maintain the algal growth that attracts
snails and shrimp.

When females were caring for offspring, attack distances
toward carnivorous fishes increased compared with those
toward herbivorous and scale-eating fishes. L. elongatus and
N. fasciatus are the primary predators of many cichlid species
fry and juvenile, often launching sudden attacks on cichlid
fry and juvenile under parental care (Kohda et al., 1997).
Thus, mothers need to detect and attack these intruders at
greater distances to protect their offspring (Nakano and Nagoshi,
1990). It is also possible that the observed increase in attack
distance may be a byproduct of offspring growth; as juvenile
grow, they begin to spread out (Satoh et al., 2018), and
consequently, the mothers must guard a larger area. If longer
attack distances toward carnivorous fishes are attributed to
the increased juvenile-foraging area, we would expect attacks
against intruders to occur along the edges of the territory.
However, most attacks occurred outside the territory (e.g., see
Figure 1A). Thus, our results suggest that the increase in
attack distance toward carnivorous fishes is mainly due to the
increased threat level.
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FIGURE 2 | Attack distances of Neolamprologus furcifer females in different parental care stages against different intruder fish types. Box plots show medians and
25th and 75th percentiles; whiskers indicate the values 1.5 times the interquartile range. Black plots are outliers. Gray plot with broken line shows mean attack
distance in each individual.

As the attack distance toward carnivorous fishes increased in
females caring for offspring, the attack distance toward scale-
eating fish decreased compared to those without offspring.
Selective attention toward carnivorous fishes is expected to
constrain attention toward other threats (Dukas, 2002, 2004).
Scale-eating fish (P. microlepis) rarely eat eggs, fry, and
juvenile but represent a direct threat to N. furcifer adults
(Nshombo et al., 1985; Ochi et al., 1999). In fact, we
observed injuries caused by scale-eating fish on a significantly
higher percentage of females caring for offspring compared
to those without offspring. Delayed detection of scale-eating
fishes due to selective attention toward carnivorous fishes
results in parental injuries; however, scale-eating fish are
not a threat to eggs, fry, and juvenile (Ochi et al., 1999),
and scales can be easily regenerated (Nshombo et al., 1985).
Thus, females might tolerate the approach of scale-eating
fishes to maintain attention on higher-threat-level intruders
(Ota, 2018).

In some fish species, both male and female parents perform
parental care (e.g., Nakano and Nagoshi, 1990), and one parent
can compensate for the limited attention of the other parent
(Sowersby et al., 2017). When males of biparental care species
die or abandon their partners, females are unable to successfully
drive away intruders (Lehtonen et al., 2011; Sowersby et al.,
2018). In a polygynous mating system, females must focus on
the highest threat-level intruder first, leaving the offspring open
to other attacks (Josi et al., 2020). Our findings confirmed
that N. furcifer females selectively pay attention to high-threat-
level fish species to cope with limited attention and attend less
or not at all to low-threat-level fish. This is supported by a
comparative analysis of the brain size of African cichlid fish that
revealed females of maternal care species have larger brains than
females of biparental care species (Gonzalez-Voyer et al., 2009),

allowing them to effectively guard offspring under limited
attention constraints.

CONCLUSION

In conclusion, we provided evidence of the constraints of limited
attention in the context of offspring guarding in the maternal
care cichlid N. furcifer. The fish density in Lake Tanganyika is
exceedingly high, and female parents face many intruders. If
mothers attend to all intruders, superfluous fitness costs will
be incurred. Thus, N. furcifer females selectively attack higher-
threat-level intruders, i.e., carnivorous fishes, to reduce this cost
(Nakano and Nagoshi, 1990). Selective attention on carnivorous
fishes constrained attention toward other fishes, and the attack
distance toward lower-threat-level species became shorter in
females caring for offspring compared to those without offspring.
Such selective focus allows N. furcifer females to effectively
protect offspring without expending excessive energy. This study
is the first to document the constraints of limited attention
on parents guarding offspring. We measured attack distance to
reveal the impact of attention on species with high threat level,
but the frequency of attacks and time spent attacking might also
be important indicators. However, it is difficult to measure attack
duration in field observations, and predator models may be more
effective for testing such predictions (e.g., Haley and Müller,
2002; Josi et al., 2020). Furthermore, investigating the frequency
of intrusion by fishes in different feeding guilds and differential
attacks by females may provide more insight into the constraints
of limited attention (Nakano and Nagoshi, 1990). Our current
findings do not allow us to exclude an alternative interpretation
that females just needed a different amount of time to classify the
intruder. Future study is needed to address this possibility.
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