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Abstract

Host-associated symbionts are often described by a single host species, yet host use may be
partitioned among life stages and host conditions. The sea urchin-associated amphipod
Dactylopleustes yoshimurai commonly occurs on Strongylocentrotus intermedius in Otsuchi Bay,
Japan, where juveniles frequently aggregate on disease lesions, whereas ovigerous females are rarely
found. This pattern suggests that juvenile recruitment and reproduction may depend on different host
resources. We tested whether the larger co-occurring sea urchin Mesocentrotus nudus functions as a
reproductive host by combining field sampling during the reproductive season with paired-choice
host assays. Field samples showed contrasting population structures among host categories: diseased
S. intermedius was dominated by juveniles, whereas M. nudus harboured more large individuals and
ovigerous or mature females. These results support a stage-dependent multi-host life-history model
in which reproduction and late development occur mainly on M. nudus, while recruitment and early
growth are concentrated on S. infermedius, particularly within lesion microhabitats. In laboratory
assays with freely moving hosts, both large and small amphipods settled preferentially on M. nudus
when offered either healthy or diseased S. intermedius as an alternative, although this tendency
appeared less pronounced when the alternative host was diseased. Overall, our results show how host
specificity in a marine symbiont can emerge from a multi-host life cycle linking reproductive habitat,

disease-mediated nursery habitat, and post-settlement retention.

Keywords
Dactylopleustes yoshimurai; sea urchin symbiont; life history; population dynamics; host-symbiont

interactions; ontogenetic host change
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Introduction

Symbiotic and/or parasitic organisms frequently show strong host-use patterns, but host specificity is
not necessarily a fixed property of a species. A single “host species” label may obscure dynamic host
use across life stages, host conditions, and habitat contexts. In particular, host use can vary across life
stages, such that juveniles and adults experience different constraints and benefits and may therefore
occupy different hosts (e.g., Ota et al. 2008; Hadfield et al. 2009; De Bruyn et al. 2010, 2011; Brooker
et al. 2013). Detecting such stage-dependent host use is essential for understanding population
dynamics, dispersal, and ecological impacts of symbiotic and parasitic organisms.

This issue is particularly relevant in amphipods. The order Amphipoda is among the largest
crustacean orders, with more than 10,000 described species (Horton et al. 2026; Lowry and Myers
2017), and symbiotic relationships with a broad range of animal hosts have been reported throughout
the group (e.g., Vader 1978, 1983; Vader and Tandberg 2013, 2015; Iwasa-Arai and Serejo 2018;
Tomikawa et al. 2019; Kodama et al. 2022; Hanaoka et al. 2025). Nevertheless, many host-associated
amphipods are still known primarily from host records, whereas the demographic basis of host use
remains poorly understood. In particular, few studies have tested whether different hosts, or different
conditions of the same host, support different life-history stages.

Members of the genus Dactylopleustes Karaman & Barnard, 1979 live as symbionts on
echinoids and are thought to possess adaptations for existence on the host’s external body surface, a
habitat structured by spines, pedicellariae, and local variation in surface condition (Vader 1978;
Bousfield and Hendrycks 1995). Even so, fundamental aspects of Dactylopleustes ecology and life
history remain poorly resolved (Vader 1978), and whether these amphipods exert measurable effects
on their host urchins is still uncertain.

Dactylopleustes yoshimurai Tomikawa, Hendrycks & Mawatari, 2004 1s an echinoid-associated
symbiont described from Japan (Tomikawa et al. 2004) and commonly found on the surface of
Strongylocentrotus intermedius in Otsuchi Bay (Kodama et al. 2026a). Recent field observations
showed that D. yoshimurai can aggregate densely on diseased areas of S. intermedius, but occurs only
sparsely on healthy hosts (Kodama et al. 2020). Subsequent DNA metabarcoding of gut contents
indicated that the amphipod does not rely heavily on host tissues for food, suggesting that disease
lesions may function primarily as favourable microhabitats rather than simply food patches (Kodama
et al. 2024). Long-term field surveys on S. intermedius further demonstrated that host disease status
structures the amphipod’s population dynamics: diseased urchins support far higher amphipod
occurrence and density, and size—frequency distributions on diseased hosts are dominated by juveniles,
especially in winter (Kodama et al. 2026a). Reproduction appears to peak from late summer to autumn,
yet ovigerous females are seldom encountered on S. intermedius (Kodama et al. 2026a). Together,

these findings suggest that diseased S. infermedius may function as a disease-mediated nursery
3
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microhabitat, whereas reproduction and late development may occur on another host.

These observations raise the broader question of whether D. yoshimurai should be regarded as
a symbiont associated primarily with S. intermedius, or instead as a stage-dependent multi-host
symbiont that uses different echinoid hosts or host conditions for different components of its life cycle.
In the study area, the larger urchin Mesocentrotus nudus co-occurs with S. intermedius and may
provide different defensive regimes and surface microhabitats. If M. nudus functions as a reproductive
host, we predict that (i) late-stage individuals and ovigerous females should be disproportionately
common on M. nudus in the field during the reproductive season, and (ii) amphipods should
preferentially occupy M. nudus in host-choice assays, potentially even when the alternative S.
intermedius host is diseased.

Here, we tested these predictions using autumn field sampling and controlled host-choice
experiments. By combining field population structure with experimental host choice, we evaluate
whether host use in D. yoshimurai is best explained by a single-host association or by a stage-
dependent, multi-host life history. We then synthesize our findings with the behavioural framework
established for lesion-associated aggregation on S. intermedius (Kodama et al. 2026b) to propose a
life-history model connecting reproduction on a larger echinoid host with disease-mediated nursery

habitat on S. intermedius.

Materials and Methods

Field survey

This study was carried out in a rocky subtidal area at Akahama in Otsuchi Bay, Japan (Fig. 1:
39°21'00" N, 141°56'10" E, 2-3 m deep). Because Kodama et al. (2026a) suggested that late summer
to autumn corresponds to the reproductive season of this species, we conducted SCUBA surveys from
August to September 2024. In addition, at this study site, monthly surveys of healthy and diseased S.
intermedius have been conducted since 2021 using the same protocol (see below), although some
months are missing (Kodama et al. 2026a). From these previous surveys, we also included available
samples of healthy and diseased S. intermedius collected in August and September 2021-2023.

Sea urchins were collected haphazardly, including diseased Strongylocentrotus intermedius,
healthy S. intermedius, and Mesocentrotus nudus. The disease symptoms frequently observed in S.
intermedius in Otsuchi Bay resemble those of lesion-type sea urchin diseases commonly referred to
as “bald sea urchin disease”, which involve loss of spines, tube feet, pedicellariae, and epidermal
tissues, with exposure and discoloration of the test surface (Johnson 1971; Becker et al. 2008; Shaw
et al. 2023 ; Carella et al. 2025). However, the causative agent cannot be identified in the field. In this

study, therefore, a “diseased urchin” was defined as an urchin with the following symptoms, as
4
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described by Kodama et al. (2024, 2026a): an area of the test without spines and tube feet, exposing
the surface tissue discoloured to deep purple or black. These symptoms are typical of bald sea urchin
disease.

Each urchin individual was gently placed in plastic bags to prevent escape of symbiotic
organisms. The urchins and their symbionts were all anaesthetized with iso-osmotic 7.5% weight%
magnesium chloride (MgCl,-6H>0). Then, D. yoshimurai individuals detached from the urchins by
anaesthesia were counted and preserved in 80% ethanol. In total, 210 individuals of D. yoshimurai
were used for analyses (106 individuals from 37 diseased S. intermedius, 55 individuals from 51
healthy S. intermedius, and 49 individuals from 82 M. nudus).

For each individual of D. yoshimurai, body length, sex, and developmental stage were
determined following Kodama et al. (2026a). Body length was measured from the tip of rostrum along
the dorsal margin to the posterior margin of telson (measurements were done on the curved body).
The determination of sex and developmental stage was based on the presence or absence of oostegites
(females) and of genital papillae (males). Females were first classified as ovigerous or non-ovigerous
based on the presence or absence of eggs. Non-ovigerous females were then examined for setation
on the oostegites: individuals lacking eggs but bearing well-developed and setose oostegites were
classified as mature females, whereas those with oostegites that were present but not setose were
classified as immature females. Individuals without oostegites or genital papillac were considered

juveniles.

Experiments for host preference
Dactylopleustes yoshimurai and host sea urchins used in the experiments were collected on 11
February 2024, and the experiments were conducted from 13 to 22 February 2024. Using SCUBA,
we collected diseased Strongylocentrotus intermedius (test diameter: mean + SD, 45.71 + 4.82 mm),
healthy S. intermedius (46.64 = 5.28 mm), and Mesocentrotus nudus (76.58 £ 4.34 mm). Amphipods
were collected from host urchins at the same locality and maintained in flow-through seawater tanks
until use. To avoid confounding host-of-origin effects, amphipods were pooled regardless of the host
type from which they were collected, and individuals were randomly assigned to trials. Immediately
before each experiment, sea urchins were rinsed with seawater to remove other symbiotic organisms
from their body surfaces.

To examine whether host preference differed between developmental stages, amphipods were
separated into two size classes: large individuals (body length: 7.26 = 1.29 mm) and small individuals
(body length: 3.53 + 0.77 mm). The large size class corresponded to mature stages (see Results, Fig.

2). For the small size class, we used the smallest individuals that could be handled reliably. Individuals
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smaller than this size class were too fragile during collection and handling to obtain sufficient
numbers of live specimens in good condition for experiments.

Host preference was tested in four paired-choice treatments: (1) large D. yoshimurai individuals:
healthy S. intermedius vs. M. nudus (n = 15); (2) large D. yoshimurai individuals: diseased S.
intermedius vs. M. nudus (n = 16); (3) small D. yoshimurai individuals: healthy S. intermedius vs. M.
nudus (n = 15); and (4) small D. yoshimurai individuals: diseased S. intermedius vs. M. nudus (n =
16). The experimental design followed “Host selection experiment 1: with freely moving sea urchin
hosts” in Kodama et al. (2026b). Transparent plastic tanks (425 % 245 x 285 mm) filled with natural
seawater to a depth of 15 cm were used. All experimental tanks were placed inside larger flow-through
seawater tanks outdoors to maintain ambient seawater temperature. Two host urchins were placed in
each tank. After the introduction of the urchins, ten individuals of D. yoshimurai were gently
introduced into the centre of the tank and left for 24 h to settle freely on the host urchins. After 24 h,
each sea urchin was gently enclosed in a plastic net bag with 0.5-mm mesh, together with the D.
yoshimurai individuals on its surface. The sea urchins were then washed with seawater to detach D.
yoshimurai, and the number of D. yoshimurai individuals on each sea urchin was counted. For each
trial, we recorded the numbers of amphipods associated with each urchin, those remaining in the tank,
dead individuals, and unrecovered individuals. The Wilcoxon matched-pairs signed-rank test was

used to compare the numbers of D. yoshimurai individuals between the two host urchins.

Results

Host- and condition-associated differences in population structure

Smaller individuals were more frequently observed on Strongylocentrotus intermedius, whereas
larger individuals were more frequently observed on Mesocentrotus nudus (Fig. 2). Within S.
intermedius, individuals collected from diseased hosts were predominantly juveniles (84.91%). In
contrast, individuals collected from M. nudus were mainly advanced developmental stages of both
sexes, and juveniles accounted for only 8.16% of the individuals on this host. Ovigerous or mature
females were found mainly on M. nudus (11/49 individuals: 22.45%) and were less common on
healthy S. intermedius (6/55 individuals: 10.91%) and diseased S. intermedius (4/106 individuals:
3.77%). Within S. intermedius, individuals collected from healthy hosts tended to be larger than those

collected from diseased hosts.

Experiments for host preference
Across both size classes, amphipods settled predominantly on M. nudus even when S. intermedius

hosts were available (Fig. 3). Large individuals showed higher settlement on M. nudus than on either
6
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healthy or diseased S. intermedius (both p < 0.001; Fig. 3a, b). Small individuals also settled more
frequently on M. nudus than on healthy S. intermedius (p < 0.001; Fig. 3¢) or diseased S. intermedius
(p=0.010; Fig. 3d), indicating that the direction of preference was maintained, although the tendency
appeared less pronounced when the alternative host was diseased. Across trials, most individuals
settled on urchins (9.21 £+ 1.12 individuals), whereas fewer remained in the tank (0.45 = 0.74
individuals). Dead and unrecovered individuals were rare (dead: 0.08 £ 0.27; unrecovered: 0.33 +

0.57). No mortality was observed in any sea urchin during the experiment.

Discussion

Our results show that host use in Dactylopleustes yoshimurai is partitioned among host species, host
conditions, and life stages. Field samples indicated that large individuals and ovigerous or mature
females occurred mainly on Mesocentrotus nudus, whereas juveniles were concentrated on
Strongylocentrotus intermedius, especially diseased individuals. Host-choice assays further showed
preferential short-term settlement on the larger M. nudus host phenotype across size classes. Together,
these findings extend previous work on disease-linked aggregation and population dynamics on S.
intermedius by indicating that D. yoshimurai is not adequately described as a symbiont of a single
host species (Kodama et al. 2020, 2024, 2026a, 2026b). Instead, its realized host use appears to
involve a stage-dependent, multi-host life history in which reproductive habitat and nursery habitat
are separated among host categories and host conditions.

Stage-dependent host use has been documented in other symbiotic crustaceans, but remains
poorly known in amphipods. In the commensal porcelain crab Allopetrolisthes spinifrons, megalopae
and small juveniles use several alternative hosts, whereas mature crabs occur on sea anemones;
laboratory experiments further showed that small juveniles can move from limpets to sea anemones,
indicating a shift from alternative settlement hosts to sea anemones, the principal adult host (Baeza
and Stotz 2001). In the echinoid-associated pea crab Dissodactylus primitivus, host use is also
asymmetric: the whole post-metamorphic life cycle can occur on Meoma ventricosa, whereas
Plagiobrissus grandis is used mainly by adults and is associated with higher female fecundity (De
Bruyn et al. 2010). These studies provide useful precedents for interpreting the host-associated
population structure of Dactylopleustes yoshimurai. However, the present case differs in that the
proposed nursery habitat is not simply a different host species, but a particular host condition:

diseased S. intermedius with lesion microhabitats.

Stage-dependent host use and reproduction on a larger host

Our field and experimental results jointly support the hypothesis that M. nudus functions as a principal
7
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host for late development and reproduction of Dactylopleustes yoshimurai. During the inferred
reproductive season, ovigerous females and other late-stage individuals were concentrated on M.
nudus, whereas diseased S. intermedius were dominated by juveniles. This pattern addresses a major
gap highlighted by long-term surveys on S. intermedius, where ovigerous females were rare despite
seasonal patterns suggesting reproductive activity before winter recruitment (Kodama et al. 2026a).
A parsimonious interpretation is that much of reproduction occurs off S. intermedius, and our
observations identify M. nudus as a plausible reproductive host.

The comparison with Dissodactylus primitivus is informative but should not be overstated. In
that system, the two echinoid hosts contribute differently to the crab life cycle: M. ventricosa supports
recruitment, juvenile growth, and reproduction, whereas P. grandis is used mainly by adults and may
enhance female fecundity (De Bruyn et al. 2010). In Dactylopleustes yoshimurai, the separation
between juvenile-dominated diseased S. intermedius and reproduction-associated M. nudus suggests
a comparable, although independently evolved, multi-host life-history structure. Unlike
Dissodactylus primitivus, however, the present study suggests a role for host condition, rather than
host species alone, in structuring nursery habitat. This distinction is central to our interpretation:
disease lesions on S. intermedius appear to generate microhabitats that are functionally different from
the intact surface of either healthy S. intermedius or M. nudus.

The host-choice experiments using large individuals provide independent support for the
reproductive-host interpretation. Large amphipods preferentially settled on M. nudus even when
diseased S. intermedius was available as an alternative. This suggests that, when movement and
encounter opportunities are unconstrained, M. nudus provides cues and/or benefits that outweigh the
attraction of disease-associated microhabitats on S. intermedius. Importantly, this does not contradict
the strong disease association documented on S. intermedius; rather, it implies that disease-linked
aggregation is embedded within a broader, multi-host life history (Kodama et al. 2020, 2026a, 2026b).

One important caveat is that M. nudus was substantially larger than S. intermedius in our
experiments. Thus, our paired-choice assays cannot fully distinguish species-specific preference from
preference for host-size-associated traits, such as greater surface area, spine architecture, pedicellarial
defences, or other aspects of the external microhabitat. This caveat is important because host
characteristics, including relative host size, abundance, and morphological complexity, can constrain
movement among hosts and host-guarding behaviour in symbiotic crustaceans (Baeza and Thiel
2007). Members of Dactylopleustes live on the external surface of echinoid hosts, where spines,
pedicellariae, and surface topography are likely to affect attachment, movement, and persistence
(Vader 1978; Bousfield and Hendrycks 1995). Therefore, the larger body size and surface architecture
of M. nudus may be part of the host phenotype to which Dactylopleustes yoshimurai responds, rather

than merely a nuisance factor that can be fully separated from species identity. We therefore interpret
8
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the experimental results as evidence for preferential settlement on the larger M. nudus host phenotype,
rather than as conclusive evidence for species recognition alone. Future experiments using size-
matched host individuals, where available, or artificial substrates that manipulate host surface
structure would help disentangle species identity from host-size-associated traits.

A further limitation is that field population structure alone cannot determine whether large
individuals on M. nudus recruited there directly or moved there after earlier development on S.
intermedius. However, the convergence between field patterns and host-choice assays strengthens the
interpretation that M. nudus is an important host for late-stage individuals and reproduction. In this
sense, the host shift proposed here should be viewed not as a directly observed individual trajectory,
but as the most parsimonious life-history model supported by the combined demographic and

behavioural evidence.

Reconciling preference for M. nudus with juvenile dominance on diseased S. intermedius

A key apparent mismatch is that juveniles dominate on diseased S. intermedius in the field, yet even
small amphipods preferentially settled on M. nudus in host-choice assays. This discrepancy points to
the importance of processes beyond initial preference, including post-settlement survival, retention,
and host defences. Studies of other symbiotic crustaceans further show that host origin or previous
host experience can decouple short-term host choice from field host use. In Dissodactylus primitivus,
chemical host-detection experiments did not support a simple preference for the host associated with
higher fecundity, indicating that field host use is not explained by short-term host choice alone (De
Bruyn et al. 2010, 2011). In the pinnotherid crab Calyptraeotheres garthi, females attained larger
body size and higher fecundity on one limpet host, but host-choice experiments showed attraction to
the host species from which individuals had been collected rather than to the host conferring the
greatest reproductive benefits (Ocampo et al. 2012). These examples support the view that realized
host use cannot be inferred from short-term host-choice assays alone.

This interpretation requires caution because the “small” size class used in our experiments did
not include the smallest juveniles observed in the field. For practical reasons, we used the smallest
individuals that could be handled reliably, and assays using very small juveniles might have yielded
a different result. Thus, whether the earliest juvenile stages show different host preferences remains
unresolved. Nevertheless, within the size range examined here, small individuals also preferentially
settled on M. nudus, suggesting that the juvenile dominance on diseased S. intermedius in the field is
unlikely to be explained by short-term settlement preference alone.

Experimental work on S. intermedius has shown that lesion-associated aggregation can arise
through a sequence combining host-level movement and within-host microhabitat retention, and that

disturbance-like conditions, such as pedicellariae removal and wounding, can induce local
9
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accumulation even on otherwise healthy hosts (Kodama et al. 2026b). These results emphasize that
lesions can act as retention microhabitats, especially during recruitment periods, by reducing costs
associated with defensive structures and/or by providing damage-associated cues that concentrate
settlers (Kodama et al. 2026a, 2026b). If defence-mediated constraints are stronger on M. nudus,
small amphipods may experience higher removal or lower persistence there, even if they initially
settle on this host. Under this scenario, juveniles that settle on M. nudus may subsequently disperse
or be excluded, whereas diseased S. intermedius provides a more permissive microhabitat,
particularly on lesions, leading to the strong juvenile bias observed in the field (Kodama et al. 2020,
2026a, 2026b).

Interhost movement provides another mechanism by which field host use may diverge from
short-term preference. In the sand dollar-associated pea crab Dissodactylus mellitae, laboratory
experiments showed that crowding can induce crabs to leave their host and that transfers to another
sand dollar increase when hosts move and come into contact (Bell 1984). This example is not
evidence for host switching among different host species, but it demonstrates that echinoid-associated
ectosymbionts can move among individual hosts and that host contact can facilitate such movement.
Repeated interhost movement is therefore plausible in Dactylopleustes yoshimurai, although direct
tracking will be needed to test this process.

Dietary evidence also supports a microhabitat-based interpretation. Gut metabarcoding suggests
that amphipods on lesions do not depend heavily on host tissues as food, weakening a purely trophic
explanation for disease-linked aggregation (Kodama et al. 2024). Instead, disease lesions likely
represent a composite of reduced physical defences, altered surface structure, and shifted chemical or
microbial environments that collectively enhance settlement and retention. In this framework,
diseased S. intermedius functions less as a preferred host species and more as a high-value nursery
patch produced by seasonal disease dynamics (Kodama et al. 2020, 2024, 2026a, 2026b).

Ecological implications

Our findings contribute to a broader view of host specificity as a demographic outcome rather
than a fixed species-level attribute. In Dactylopleustes yoshimurai, apparent host use depends
strongly on the life stage and host condition being sampled: juveniles are concentrated on diseased S.
intermedius, whereas large individuals and reproductive females occur mainly on M. nudus. Thus, a
single-host description would obscure the functional separation between nursery and reproductive
habitats.

This stage-dependent multi-host structure may buffer symbiont populations against seasonal
limitations of any single host type while coupling amphipod demography to both echinoid community
composition and host disease dynamics. By linking juvenile concentration to disease lesions and

reproduction to a larger alternative host, Dactylopleustes yoshimurai may track temporally variable
10
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habitat quality while maintaining reproductive output. Changes in the relative abundance of M. nudus
and S. intermedius, or in the seasonal prevalence of disease lesions, could therefore alter amphipod
population dynamics and the intensity of lesion-associated aggregations. Such changes may also have
consequences for disease trajectories and broader epifaunal communities, although these
consequences remain to be tested.

More broadly, this study illustrates how apparent host specificity in a marine symbiont can
emerge from interactions among host species identity, host phenotype, host condition, and ontogeny.
Previous studies have shown that symbiotic crustaceans may shift from alternative settlement hosts
to principal adult hosts during ontogeny (Baeza and Stotz 2001), exploit multiple echinoid hosts
asymmetrically across life stages (De Bruyn et al. 2010), or show host-choice patterns shaped by host
origin rather than current reproductive benefits alone (Ocampo et al. 2012). The present study adds
disease-mediated microhabitat availability as another axis along which realized host use can be

structured.

Proposed life-history model of Dactylopleustes yoshimurai

Our series of studies on Dactylopleustes yoshimurai collectively suggests a coherent, but still partly
hypothetical, life-history scenario in which host switching and the use of lesions on diseased
Strongylocentrotus intermedius are integral components (Kodama et al. 2020, 2024, 2026a, 2026b).
We propose the following life-history model for Dactylopleustes yoshimurai, while recognizing that
several steps, particularly dispersal from M. nudus to S. intermedius and the timing of host switching,
require further direct testing.

First, large individuals occur primarily on M. nudus in late summer to autumn, when ovigerous
females and other late-stage individuals are most common. This pattern, together with the rarity of
ovigerous females on S. intermedius reported by Kodama et al. (2026a), indicates that M. nudus is a
major host for reproduction and late development. Second, if most reproduction occurs on M. nudus,
newly hatched juveniles would need to disperse to other nearby sea urchins to explain the subsequent
dominance of juveniles on S. intermedius, particularly during winter (Kodama et al. 2026a). Although
both large and small individuals showed short-term preference for M. nudus in the present study, very
small juveniles may be less able to persist there over longer periods, potentially because of host
defences such as pedicellariae and spines (Kodama et al. 2026b).

Third, a subset of juveniles likely recruits to S. intermedius, particularly during the winter
recruitment period documented by Kodama et al. (2026a), and becomes associated mainly with this
host during early development. On S. intermedius, individuals appear to move across the host surface
in ways that reduce exposure to pedicellariae, and they aggregate where pedicellariae are absent or

reduced, most notably within lesion areas on diseased urchins (Kodama et al. 2020, 2026a, 2026b).
11
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Such aggregation is unlikely to reflect feeding on diseased tissue, because gut metabarcoding
indicates that Dactylopleustes yoshimurai does not rely heavily on host tissues as food (Kodama et
al. 2024). Instead, lesions are better interpreted as refugia or retention microhabitats that allow
juveniles to avoid host defensive responses and persist during early development (Kodama et al.
2026b).

Fourth, while associated with S. intermedius, individuals likely move among hosts, although
such interhost transfer appears to occur mainly during host contact (Kodama et al. 2026b). Contact-
mediated transfer among individual echinoid hosts is plausible because comparable processes have
been experimentally demonstrated in Dissodactylus mellitae, where host contact increased transfer
between sand dollars (Bell 1984). These movements may contribute to the accumulation of juveniles
on diseased individuals, whereas healthy S. intermedius support only a small number of medium to
large individuals, some of which may reproduce there (Kodama et al. 2026a; this study). Finally, as
individuals grow, many may shift to M. nudus and thereafter use it as their primary host, although a
fraction of the population may remain on S. intermedius and reproduce there (Kodama et al. 2026a;
this study).

In this proposed model, disease does not merely attract amphipods; it structures nursery habitat
availability within a stage-dependent host-use strategy spanning multiple echinoid hosts. By
separating reproductive and nursery habitats across host species and host conditions, Dactylopleustes
yoshimurai provides a case in which apparent host specificity emerges from the interaction between

life stage, host phenotype, host movement, and disease-mediated microhabitat availability.
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Figure legends

Fig.

1. Map showing the study site in Otsuchi Bay, Japan. This figure is reproduced from Kodama et
al. (2026¢) under the Creative Commons Attribution 4.0 International license (CC BY 4.0); this

reuse does not infringe copyright.

Fig. 2. Body-length frequency distributions of Dactylopleustes yoshimurai collected from three host

Fig.

Fig.

categories: (a) Mesocentrotus nudus, (b) healthy Strongylocentrotus intermedius, and (c)
diseased S. intermedius at Akahama, Otsuchi Bay, Japan. Bars are stacked by sex and
developmental stage: juveniles (grey), immature females (light pink), mature females (red),
ovigerous females (dark red), and males (blue). Sample sizes: M. nudus (n = 49), healthy S.

intermedius (n = 55), and diseased S. intermedius (n = 106).

3. Results of host preference of Dactylopleustes yoshimurai in paired-choice assays with freely
moving sea urchin hosts: (a) large D. yoshimurai individuals: healthy S. intermedius vs. M.
nudus; (b) large D. yoshimurai individuals: diseased S. intermedius vs. M. nudus; (c) small D.
yoshimurai individuals: healthy S. intermedius vs. M. nudus; (d) small D. yoshimurai
individuals: diseased S. intermedius vs. M. nudus. Each box indicates the upper and lower
quartiles. Black bold line in each box indicates the median. Whiskers indicate minimum and
maximum values excluding outliers. Grey dots represent all the raw data. Values outside 1.5
times the interquartile range above the upper quartile and below the lower quartile are treated as

outliers. The p value was calculated by the paired Wilcoxon signed-rank test.
4. Schematic summary of the proposed life history of Dactylopleustes yoshimurai and its

ontogenetic host shift between Mesocentrotus nudus and Strongylocentrotus intermedius in

Otsuchi Bay, Japan.
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571  Fig. 2. Body-length frequency distributions of Dactylopleustes yoshimurai collected from three host

572 categories: (a) Mesocentrotus nudus, (b) healthy Strongylocentrotus intermedius, and (c)
573 diseased S. intermedius at Akahama, Otsuchi Bay, Japan. Bars are stacked by sex and
574 developmental stage: juveniles (grey), immature females (light pink), mature females (red),
575 ovigerous females (dark red), and males (blue). Sample sizes: M. nudus (n = 49), healthy S.
576 intermedius (n = 55), and diseased S. intermedius (n = 106).
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580 nudus; (b) large D. yoshimurai individuals: diseased S. intermedius vs. M. nudus; (c) small D.
581 yoshimurai individuals: healthy S. intermedius vs. M. nudus; (d) small D. yoshimurai
582 individuals: diseased S. intermedius vs. M. nudus. Each box indicates the upper and lower
583 quartiles. Black bold line in each box indicates the median. Whiskers indicate minimum and
584 maximum values excluding outliers. Grey dots represent all the raw data. Values outside 1.5
585 times the interquartile range above the upper quartile and below the lower quartile are treated as
586 outliers. The p value was calculated by the paired Wilcoxon signed-rank test.
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@ Large adults live and reproduce on M. nudus
mainly in late summer to autumn.
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nudus &y

@ Juveniles that hatch on M. nudus
disperse rapidly to adjacent urchins

%
i

@ At about 4.0 mm or more in body length,

. @ Asubset of juveniles
amphipods move to M. nudus.

recruits to S. infermedius,
particularly in winter.
® Amphipods can move between hosts
_when the hosts come into contact.

Aggregation
G G G

Healthy  Strongylocentrotus intermedius ~ Diseased

® Healthy S. intermedius support few juveniles @ Juveniles avoid pedicellariae and
and only a small number of medium to large aggregate on pedicellaria-free lesions.
individuals, some of which reproduce there. These lesions likely serve as refugia from
Irrespective of host condition, individuals likely feed host defences rather than feeding sites.

mainly on sediment and grow larger.
589

590  Fig. 4. Schematic summary of the proposed life history of Dactylopleustes yoshimurai and its

591 ontogenetic host shift between Mesocentrotus nudus and Strongylocentrotus intermedius in
592 Otsuchi Bay, Japan.
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