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Abstract 10 

In recent centuries, excessive fishing has been a major driver in the decline of marine 11 

animals. To manage and restore ecosystems, it is necessary to determine the richness of 12 

past biodiversity. This report describes the whales and barnacles recorded in classic 13 

monographs (called Honzou Gaku) written by Japanese naturalists in the 18th–19th  14 

centuries. Past Japanese fauna and flora were documented in these monographs with 15 

detailed illustrations; however, many such monographs have been neglected by modern 16 

biologists. The whale barnacles illustrated in these monographs were identified as 17 

Coronula diadema (Linnaeus, 1767), Coronula reginae Darwin, 1854, and 18 

Conchoderma auritum (Linnaeus, 1767). A case study of historical biodiversity is 19 

presented here, and shows just one example of the many organisms recorded in the 20 

Honzou Gaku. Such information has important implications for the use of historical 21 

works to assess past or lost biodiversity all over the world. 22 

 23 

1. Introduction 24 



Udano Takakini Shigiwana Haru Wagamatsuya Shigiwa Wayarazu Isukuwashi Isana 25 

Sayaru 26 

[The snipe, for which I laid a snipe-snare and waited in the high castle of Uda, 27 

strikes not against it; but a brave whale strikes against it.] 28 

—A poem by the Japanese First Emperor Jimmu (711–585 BC), recorded in 29 

Kojiki. 30 

As documented in Kojiki, the oldest extant Japanese book (Ōno, 712), Japanese people 31 

have praised nature and used marine products including whales. Ancient Japanese 32 

naturalists recorded information on past biodiversity and nature. The knowledge of 33 

these pioneers is called Honzou Gaku and encompasses natural history and Japanese 34 

classic taxonomy. Recently, the importance of historical materials has been highlighted 35 

for assessing the long-term impact of humans on marine animals and ecosystems 36 

(Jackson et al., 2001; Lotze and Worm, 2009; Haelters et al., 2010; McClenachan et al., 37 

2012; Kittinger et al., 2013). Josephson et al. (2008) found substantial changes in North 38 

Pacific right whale populations on analyzing archival holdings and fisheries records. 39 

Right whales, the host animal for epibiotic barnacles, were hunted for their meat and 40 

blubber during the 19th and 20th centuries, but they have become critically endangered 41 

in recent decades (Wade et al., 2011). This report presents new findings regarding 42 

whales and epibiotic barnacles recorded in the Honzou Gaku monographs, along with 43 

identification of the barnacles. These findings have important implications for assessing 44 

past biodiversity. 45 

 46 

2. Description of whale barnacles 47 

The artist and scholar Koukan Shiba (1747–1818) wrote a book entitled Saiyu Ryotan in 48 



1794; this book included a diary of his trip from Edo (modern-day Tokyo) to the center 49 

of traditional Japanese whaling in Nagasaki Prefecture (Supporting information, Fig. 50 

S1). This text describes the epibiotic organisms on whales (Fig. 1A). The barnacles in 51 

the illustration on the right side of Fig. 1A are identified as Coronula diadema 52 

(Linnaeus, 1767) and Conchoderma auritum (Linnaeus, 1758). Some epibiotic 53 

organisms on the left side of the figure were also described; however, these sketches are 54 

simple drawings, making it difficult to identify the species of barnacle. The 5-plated 55 

barnacle illustrated on the left side of Fig. 1A was a drawing error by Shiba. At the time, 56 

naturalists copied previous materials, possibly including previous mistakes. Shiba’s 57 

error with respect to the 5-plated barnacle (Fig. 1A) remained in Kaikaku Kihinsen 58 

(Musashi, after 1843, Fig. 2H) through other publications (see Figs. 1B and C, 2G). 59 

Tanshu Kurimoto (1756–1834), a physician and pharmacist, copied the illustration of 60 

the 5-plated barnacle from Saiyu Ryotan in his monograph Sen Chu Fu (Fig. 1B). He 61 

described crab-like organisms that lived in shells and believed these invertebrates to be 62 

a type of mollusk called Kujira Gaki, which means “whale oyster” in Japanese 63 

(Kurimoto, 1811). Tomokiyo Oyamada (1783–1847) published a celebrated book Isana 64 

Torie Kotoba regarding traditional whaling in Nagasaki (Oyamada, 1829); this book has 65 

been referenced by many researchers (Clarke, 1966; Omura, 1986; Scarff, 1986). This 66 

book includes instructions on how to cook whale meat and intriguing descriptions of the 67 

epibiotic organisms on whales. He describes several epibiotic organisms on right whales, 68 

Eubalaena japonica (Lacépède, 1804), including coronulid barnacles, stalked barnacles, 69 

and whale lice (Fig. 1C). Whale lice are described as being the size of a “bell-ringing 70 

cricket”; they are darkish yellow in color, with short appendages attached to the head 71 

and around the tail and vulva of right and humpback whales, Megaptera novaeangliae 72 



(Borowski, 1781). Stalked barnacles (9–12 cm) are described as edible. Coronulid 73 

barnacles are described as hexagonal with a hard white shell, similar to intertidal 74 

barnacles, the size of a “small sake cup,” and edible. However, these sketches are 75 

simple drawings, making the identification of the species of barnacle difficult.  76 

   Classic texts of Japanese fauna and flora such as Kougai Gun-bun-hin-i (Musashi, 77 

1836), Moku Hachi Fu (Musashi, 1843), and Kaikaku Kihinsen (Musashi, after 1843) 78 

written by the Japanese samurai naturalist Sekiju Musashi (1766–1861), include 79 

monochrome and color drawings of coronulid barnacles (Fig. 2). The descriptions of 80 

each species are very similar in each text. The barnacles illustrated in Figs. 2B-D are C. 81 

diadema and C. auritum, which are the barnacles are most commonly found on 82 

humpback whales, as shown in Fig. 2A. The C. diadema illustrated in Fig. 2B was 83 

collected in Nishikinoura (Supporting Information, Fig. S1, Katsuura Town, Wakayama 84 

Prefecture; Musashi, 1836). The barnacles in Fig. 2C were collected from a humpback 85 

whale captured in the Goto Islands of Nagasaki (Musashi, 1843) and those in Fig. 2D 86 

were collected from a humpback whale off Ikitsukijima Island near Nagasaki (Musashi, 87 

after 1843). Musashi described this species as being “similar to a flower but lacking 88 

petals and strongly adherent to whale skin, ca. 1.5–6 cm in size” and “hexagonal and 89 

taller than wide, with 3–4 ridges on the parietal wall.” He named it Kanmuri Gai 90 

(“crown shell”) because of its morphology. This name has the same etymology as the 91 

Latin name Coronula diadema, which comes from the Latin “corona” and the Greek 92 

“diadema,” both meaning “crown.”  93 

The barnacle Coronula reginae Darwin, 1854 is also illustrated in these historical 94 

documents (Figs. 2F–H). This species is clearly distinguished from C. diadema based 95 

on the basal view of its shell. The parietal plates of C. reginae continue to grow wider at 96 



the base, but the number of pores increases with the addition of new fold pockets, as 97 

shown in Fig. 2E. The C. reginae in Fig. 2F was collected from Nishikinoura 98 

(Supporting Information, Fig. S1); however, the host species was not recorded (Musashi, 99 

1836). Fig. 2G is from a humpback whale caught at an unknown location and the 100 

specimen in the figure was described as being “similar to a lily root and ca. 1.5–3 cm” 101 

by Musashi (1843). The specimen depicted in Fig. 2H was collected from a right whale 102 

in Nagasaki (Musashi, after 1843).  103 

 104 

3. Discussion 105 

   Currently, 13 barnacle species (of nine genera) are documented in the superfamily 106 

Coronuloidea (which attach to sea turtles and cetaceans) in Japanese waters, and three 107 

of these species (C. diadema; Cryptolepas rhachianecti Dall, 1872; and Xenobalanus 108 

globicipitis Steenstrup, 1852) have been collected from cetaceans (Hayashi 2012). This 109 

is the first record of C. reginae in Japanese waters, and a recently stranded humpback 110 

whale was also found to be encrusted with three species (C. diadema, C. reginae, and C. 111 

auritum) of barnacles, including this species (Supporting Information, Fig. S2). This 112 

record supports the accuracy of the historical descriptions. 113 

   Right whales have also been recorded as the host animal for barnacles (Supporting 114 

information, Table S1; Barnard, 1924; Scarff, 1986); right whales along the Japanese 115 

coast and in the Pacific Ocean are now usually found to be barnacle-free (Omura et al., 116 

1969; Yamamoto and Hiruta, 1978; Supporting information, Fig. S3), with the exception 117 

of one case reported in California (Scarff, 1986). At the end of the Edo period, the 118 

Kurofune (black ships) came to Shimoda City in the Izu Peninsula (Supporting 119 

Information, Fig. S1) to develop a supply base for commercial whaling. Eubalaena 120 



(right whales), which serve as hosts of barnacles, are easy to catch and “right” for 121 

commercial whale hunting because they swim slowly and their carcasses tend to float 122 

rather than sink. Eubalaena whales were common around Japanese waters during the 123 

Edo period, although commercial whaling led to their decline (Scarff, 2001), and they 124 

are now listed as endangered (IUCN Red List Ver.3.1, 2001). Wood et al. (2010) 125 

indicated that the parasitic organisms on marine animals are highly influenced by 126 

fisheries, and the barnacles on right whales could thus be considered to decline 127 

concurrently with the decline in the host animals. A strong relationship between whales 128 

and barnacles was reported by Ford and Reeves (2008), who noted that epibiotic 129 

barnacles play an important role as weapons in anti-predator strategies against killer 130 

whale attacks; therefore, the reduction in barnacle populations may, in turn, have 131 

adversely affected the ability of right whales to survive killer whale attacks. 132 

 133 

4. Conclusion 134 

There are many historical Honzou Gaku materials deposited in the NDLJ that are 135 

accessible from the internet database (as listed in the literature cited) and these records 136 

demonstrate an interest of Japanese people in the diversity of life dating back to at least 137 

the 18th century. Japanese historical monographs include detailed descriptions of not 138 

only barnacles but also many other organisms, including animals and plants. This paper 139 

indicates the importance of natural history for gaining an insight into past biodiversity. 140 

Such historical records are useful for the study of modern changes in biodiversity and 141 

ecology and are equivalent in value to studying the temporal shift in biodiversity using 142 

natural history collections in museums around the world.  143 

 144 
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Appendix A. Supplementary data 154 

Supplementary material related to this article can be found, in the online version, at 155 

http://dx.doi.org/10.1016/j.ecolind.2014.05.031. 156 
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220 



Fig. 1. A. (A) Illustrations of whale barnacles from Saiyu Ryotan. (B) Sen Chu Fu. (C) 221 

Isana Torie Kotoba. 222 

 223 

Fig. 2. Living barnacles (A and E) and classic illustrations of whale barnacles, Coronula 224 

diadema (Linnaeus, 1767) and Coronula reginae Darwin, 1854. (B and F) Koukai Gun 225 



Bun Hin-i.  (C and G) Moku Hachi Fu. (D and H) Kaikaku Kihinsen.  226 

 227 

Table S1. Records of whales and epibiotic barnacles in Japan. 228 

 229 

Fig. S1. Research sites in Japan. Localities are listed in Table S1. 230 



 231 

Fig. S2. A. A stranded humpback whale Megaptera novaeangliae at Izu peninsula, 232 

Atami, Shizuoka, Japan (Dec 5, 2011). B. Coronula diadema, and Conchoderma 233 

auritum attached around souhaisetukou. C. Details of Coronula diadema. D. 234 

Details of Coronula reginae. E. Coronulid barnacles on the lower jaw of the 235 

humpback whale. (Photo by Ryota Hayashi) 236 



 237 

Fig. S3. Stranded Pacific right whale Eubalaena japonica at Izu peninsula, Shimoda, 238 

Shizuoka, Japan (Feb 9, 2011). This individual was not encrusted by barnacles 239 

(Photo by Ryota Hayashi). 240 


