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Fig.1 a Gomphosus varius individual grasping a prey item in the
mouth (white arrow); b—d three photographs of anvil use; b third
strike on the dead coral; ¢ sixth strike on the rock; d eighth strike on
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the rock (can be observed at the 21-s, 24-s, and 32-s mark in Video
S1, respectively). Yellow arrows in (b—d) represent the directions of
striking by shaking the head from right to left

Tool use has been widely reported in primates and birds. Tool
use by aquatic animals (e.g., octopuses, cuttlefishes, hermit
crabs, and fishes) has also been reported (Mann and Patter-
son 2013). In particular, wrasses (family Labridae), which is
a major group of marine fishes, show anvil use for effective
foraging (Brown 2012; Dunn 2016; Pryor and Milton 2023;
Jaishankar et al. 2024; Tariel-Adam et al. 2025). Anvil use is
defined as “a fish taking a prey item in its mouth and strik-
ing it on a hard surface.” (Tariel-Adam et al. 2025). To date,
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anvil use has been reported in 29 wrasse species belonging to
nine genera (Cheilinus Lacepede, 1801, Choerodon Bleeker,
1847, Coris Lacepede, 1801, Halicho eres Riippell, 1835,
Lachnolaimus Cuvier, 1829, Pseudolabrus Bleeker, 1862,
Semicossyphus Gilinther, 1861, Symphodus Rafinesque, 1810,
and Thalassoma Swainson, 1839). By contrast, considering
that wrasses consist of diverse species, anvil use by other gen-
era needs to be explored to examine its evolutionary origin and
ecological drivers (Tariel-Adam et al. 2025).

This study is the first to observe anvil use in the bird wrasse
Gomphosus varius Lacepede, 1801, in subtropical southern
Japan, on an Okinawan coral reef (Fig. 1, Video S1). The obser-
vation was conducted at Yaeyama Islands, Okinawa, on October
2, 2021, by using SCUBA. One individual with initial-phase
coloration was grasping a crab in its mouth and striking it on
dead corals and rock. The total number of times anvil use was
applied (number of strikes) was nine (Appendix), and the dura-
tion from the first strike to the last strike was 15 s. Among the
nine strikes, two could not be observed because they were con-
ducted out of sight behind substrates. By contrast, seven strikes
could be clearly observed, including where (anvil substrate
selection) and how (anvil laterality) the fish individual used the
substrates to crush the prey item. For anvil substrate selection,
dead corals and rocks were used three and four times, respec-
tively. All strikes were observed at different points, that is, the
fish individual did not use a fixed point to crush the prey item.
For anvil laterality, six out of the seven strikes showed that the
fish individual shook the head from right to left, that is, the fish
individually used the left side of its body six times (Appendix).
A “laterality index” was calculated as follows (Tariel-Adam
et al. 2025): (R—L)/(R+ L), where R and L are the number of
strikes using the right side and left side of its body, respectively.
The value of the laterality index was —0.71, indicating a prefer-
ence for the left side to some extent. The fish individual could
eat the prey item (Video S1), indicating that this anvil use was
successful. Considering that G. varius has an extreme protrusive
snout (Wainwright et al. 2004), this study might provide some
insights about potential morphological constraints of anvil use.

This study is the first to report anvil use in the labrid genus
Gomphosus Lacepede, 1801, indicating an extension of the taxo-
nomic range among wrasse species and fishes from an Okinawan
coral reef. In the eastern Asian region, Tribble (1982) observed
anvil use by Coris dorsomaculata Fowler, 1908, at a temperate
region (Miyake Island, Izu Islands, Japan). By contrast, this study
is the first to report anvil use from a subtropical region in Japan,
indicating an extension of the geographical range of anvil use.
The number of anvil use of G. varius was nine, which was simi-
lar to other wrasse species (Halichoeres spp. and Thalassoma
spp-), showing that the number of anvil use was less than ten in
most cases (Jaishankar et al. 2024; Tariel-Adam et al. 2025). The
large number of 29 labrid species reported to show anvil use, so
far, suggests that additional species of wrasses and individuals
at other locations should be studied in order to obtain a more
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complete overview of this behavior. Species not known to show
anvil use should also be noted and included in evolutionary mod-
els, which may help to detect whether anvil use evolved only once
or multiple times in the evolution of the Labridae.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12526-025-01537-w.
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