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ARTICLE INFO ABSTRACT

Keywords: Temperature plays a pivotal role in prey-predator interactions, acting as a potent source of
Biotic interactions disturbance that can reshape the strengths of interactions between prey and predators. This
Stressor

alteration can subsequently destabilize populations and trigger shifts in the dynamics of eco-

rll—:ir:tl;i systems and food webs. The rising temperatures are exerting significant impacts on Mediterra-
Metabolism nean biodiversity and community structure. These changes have the potential to influence
Behavior predation dynamics among co-occurring species, each with distinct responses to the changing

climate. Here, we present a case study that delves into the impact of temperature on the biotic
interaction between a thermophilic predator polychaete (Hermodice carunculata) and a threat-
ened, key structuring coral species (Astroides calycularis). Through manipulative laboratory ex-
periments, we explored three main aspects: i) polychaete Prey Preference: the prey preference of
H. carunculata, revealing that it indeed displays a distinct preference for feeding on A. calycularis
over other options. ii) Temperature Effect on Predator Ingestion Rate: we examined how tem-
perature influences the ingestion rate of the predator. Notably, we found that the predator’s
predation performance peaks at a temperature of 25.6 °C, which is in close proximity to the upper
thermal limit of the coral. iii) Prey Metabolic Response: when exploring the metabolic response of
the prey to contact with the predator, we observed an immediate reaction from the prey. This
response led to a decline in the coral’s feeding capability and an alteration in its metabolic
functioning, effectively worsening the coral’s overall performance. These findings underscore that
H. carunculata not only displays a preference for consuming A. calycularis but also exhibits
optimal predation performance at a temperature near the coral’s upper thermal threshold.
Furthermore, the prey’s response to the presence of the predator has rapid and detrimental
consequences, negatively impacting the coral’s metabolic function. Comprehending the re-
percussions of environmental change on biotic interactions holds paramount importance. It al-
lows us to forecast and manage the trajectory and conservation efforts of biodiversity under
current and projected climate change conditions.
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1. Introduction

Competition and predation stand as pivotal forces shaping ecosystems, exerting considerable influence over community structure
encompassing factors like species biomass, composition, and taxonomic as well as functional biodiversity (Freestone et al., 2020; Lopez
and Freestone, 2021). Biotic interactions, when intensified or prompted by new species introductions, can act as sources of distur-
bance. Such biological relationships, when heightened, contribute to novel interactions. Consequently, this may transpire when new
species arrive on the scene. In this context, stressors often compound and interact, ultimately molding the responses of organisms and
communities to the effects of multiple disturbances. The outcome of these interactions largely hinges on the magnitude and the relative
timing of each stressor (Gunderson et al., 2016; Jackson et al., 2021). For instance, the interplay between climatic stressors and the
dispersal capability of certain species can profoundly influence the organization of native communities. This synergy can pave the way
for the emergence of novel ecological communities, characterized by unique arrangements and ecological interactions. When multiple
stressors converge, their effects produce non-linear outcomes that may either be more pronounced (synergistic) or milder (antago-
nistic) than the combined effects of individual stressors (Darling and Coté, 2008; Gunderson et al., 2016). The potential for interactive
effects hinges on the identity and quantity of stressors involved, as well as the trophic position and life-history stage of the organisms
affected (Lyons et al., 2016).

At higher levels of the ecological hierarchy, such as populations and communities, biotic interactions can serve as direct stressors
(e.g., ecological stressors like competition, predation, and density effects;Power, 1997; Darling and Coté 2008), or they can indirectly
disrupt the availability of resources or local environmental conditions (Bruder et al., 2017). Present endeavors to forecast the rami-
fications of global change predominantly center around the ecological prerequisites of individual species (Kordas et al., 2015).
However, an increasing awareness underscores the alteration of biological interactions due to stressors associated with global climate
change (Bennett et al., 2015; Bulleri et al., 2016). Given that interactions are inherently dynamic, an imperative exists to comprehend
the mechanisms governing the dynamics between prey and predators in the face of unexpected alterations induced by abiotic factors,
especially those linked to climate change, such as rising temperatures (Van Der Putten et al., 2004). Rising temperatures and recent
marine heatwaves in the Mediterranean Sea have begun to significantly alter the composition and structure of communities (Garrabou
et al., 2009; Gomez-Gras et al., 2019). Habitat formers, particularly those found in shallow rocky environments like the vulnerable
endemic coral Astroides calycularis, have faced severe consequences due to thermal stressors over the past few decades. These stressors
have led to substantial mass mortalities in populations, particularly during the more frequent thermal anomalies that occur in the
warmer months (Gambi et al., 2018, 2010; Garrabou et al., 2022). Despite the evident negative effect of climate change on the coral
performance, there is no scientific evidence regarding the conservation of the species. Because stressors seldom act in isolation, various
disturbances, including local factors like biotic interactions, may interact synergistically, impeding species performance and com-
munity functions in habitats that are already strained and vulnerable. Against the backdrop of ongoing climate change, particularly in
the Mediterranean Sea, rising temperatures have facilitated the expansion and higher densities of non-native and thermophilic species.
Among these is the stinging polychaete Hermodice carunculata, which is regarded as a "native invader" and is extending its distribution
range (Righi et al., 2020). Given its omnivorous behavior and habitat overlap with A. calycularis, this invasive species poses a tangible
threat to shallow benthic communities, especially those that are already disrupted by climatic stressors.

In response to these concerns, we conducted manipulative mesocosm experiments to delve into the predatory behavior of the
fireworm, H. carunculata, toward one of the Mediterranean Sea’s most crucial shallow structuring species: the orange coral
A. calycularis. Additionally, we explored the coral’s metabolic response to this biotic stressor in the context of climate change. Our
objective was to ascertain whether the heightened frequency of interaction between the fireworm and the coral, within the context of
climate change, could impact the habitat former’s performance, particularly in terms of metabolic responses and predation pressure.
To address this, we undertook three distinct interaction experiments, each under escalating temperatures: i) The first experiment
sought to determine whether H. carunculata exhibited a preference for feeding on A. calycularis. We conducted prey preference ex-
periments involving two different Mediterranean coral species (A. calycularis and Cladocora caespitosa, the latter being a known prey
for fireworms). ii) Once predation on A. calycularis was confirmed, a second experiment was designed to investigate the fireworm’s
predation rate on the coral colonies at varying environmental temperatures, thereby constructing a performance curve and identifying
optimal and upper thermal predation thresholds for the polychaetae. iii) Lastly, we conducted short-term interaction experiments
between H. carunculata and A. calycularis, assessing the metabolic response of the threatened coral by measuring its respiration rate as
a proxy for coral metabolism at two different temperatures (16 °C and 27 °C). This comprehensive study offers crucial insights into the
role of climate change stressors on marine benthic communities and provides a mechanistic framework for predicting the impact of
biotic interactions in driving such events, including mass mortalities.

2. Material and methods
2.1. Organisms’ sampling and maintenance

To perform all experimental trials a total of 105 colonies of A.calycularis, 6 colonies of Cladocora caespitosa and 102 individuals of
the fireworm Hermodice carunculata were collected along the coast of Palermo (Italy) (38°11'12.786"N; 13°21'41.1336"E) with sam-
pling effort limited as much as possible to reduce disturbance to the natural populations while maintaining the robustness of the
experimental design. Moreover, all colonies were sampled to have a similar size (when possible) to be easy to manipulate, comparable
and suitable for mesocosm experiments. Once in the laboratory all colonies were carefully inspected and when possible, all epibiotic
organisms were manually removed by forceps. Coral colonies and fireworms were divided and kept separately in three 60 L tanks (3 for
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A. calycularis and C. caespitosa and 3 for H. carunculata individuals) filled with filtered seawater for 10 days, to allow correct accli-
mation and limit the potential stress deriving from sampling and manipulation. All aquariums were equipped with a skimmer and
filtering system, water pumps, individual heater and temperature controller systems. HOBO temperature (Onset Inc., USA) loggers
were employed to record temperatures throughout the trials and set at minute data recording. Corals were feed with Artemia salina
nauplii every 2 days, while fresh mussels were offered to polychaetes every 5 days.

2.2. Measured fireworm behavioural traits

Preliminary observation period of the interaction between H. carunculata and A. calycularis was performed and according to what
was observed predator behavior was categorised in terms of its structure and consequences, identifying three different behavioural
traits to be measured in all three experiments: i) “exploring time”: mean time that the predator employed moving around the
experimental aquaria immediately after the trial started (measuring units: minutes); ii) “interaction time”: mean time that the predator
physically contacted the prey without feeding on it (measuring units: minutes); and iii) “predation rate”: mean number of preyed
calyxes for each prey species per day. Measuring duration varied with the measured trait: “exploring time” was continuously observed
by an operator during the first 2 hours after the start of the prey-predator interaction; while “interaction time” and “predation rate”
were measure at the beginning of the interaction (as “exploring time” variable) and at 5 different posterior times (once per day during 5
days between 3 and 5 pm, as that is the daily time during which the fireworm shows its maximum activity, Wolf and Nugues, 2013).

2.3. Prey preference trials

Hermodice carunculata is a known corallivorous predator (Wolf et al., 2014), which has been observed actively predating on the
Mediterranean scleractinians Cladocora caespitosa (Simonini et al., 2018) and Astroides calycularis (authors field personal observation).
In this experiment, we tested the predator’s preference towards two different corals to investigate behavioral traits of predators in
major detail. After laboratory acclimation period (previously described), 12 individuals of H. carunculata (13.02 + 1.35 g, mean =+ s.e.)
were fed to satiation and then left starving for 10 days prior to predation experiments (Simonini et al., 2018). Six colonies of
A. calycularis and six of C. caespitosa were sampled and carefully inspected in the laboratory to eliminate any other potential prey.
Colonies from both species were put in pairs (1:1 A. calycularis-C.caespitosa colonies) and acclimated in 6 different aquaria of 3 L during
24 h prior the exposure to the fireworm. Colonies of the two species were placed in opposite sides of the aquarium. After this period,
one specimen of H. carunculata (11.6 + 1.81 g, mean =+ se) was put in the center of each experimental aquaria (at the same distance
from both colonies of the two colonial corals) and the 3 beforementioned behavioural traits (exploring time, interaction time and
predation rate) were measured in each experimental unit over time (once per day during 5 days) (Maselli et al., 2020, Simonini et al.,
2018). After each experiment, the polychaetes that did not consume the prey were provided with a control food (pieces of unfrozen
mussel) to verify that they were not satiated and unwilling to consume any food.

2.4. Modeling predation curve over temperature

Once predation of H. carunculata on A. calycularis was experimentally tested, we investigated the predation response of the fire-
worm under different natural Mediterranean temperature conditions. Seven different temperatures ranging from 10 to 31 °C were
decided (10, 15, 20, 24, 27, 29 and 31 °C) based on minimum and maximum temperatures observed in the last 5 years in the areas
where the species are present. Six different coral colonies of similar size (between 18 and 20 polyps each) and 6 polychaetes (12.4 &+
1.21 g, mean =+ s.e.), were independently used at each temperature (for interactions) and 3 coral colonies per temperature were used as
controls for behavior and morphological traits observations (63 coral colonies and 42 fireworms in total). Organisms were individually
kept in 3 L aquaria and temperature was increased/decreased at 1 °C h~! rate (Bosch-Belmar et al., 2021; Marchessaux et al., 2022).
After reaching treatment temperature they were acclimated during 5 days at those conditions that were kept stable by means of a
circulated thermal bath (Grant Optima TX150) and additionally monitored throughout the recording period by HOBO Pendant®
loggers. In addition to traits measured for predators some behavior and morphological prey traits were assessed at the highest tested
temperatures in this specific experiment: tentacle contraction (measured as 0/1 when prey was contacted by the predator) and the
presence of necrotic tissue (as the number of calyxes presenting necrose at 27, 29 and 31 °C) to assist us in discriminating between the
effect of predation and high temperatures on the scleractinian. After acclimation, one fireworm specimen was put within each
treatment coral aquaria and observations on predation were performed as for the prey preference experiment.

2.5. Prey metabolic response to predator contact

A first step consisted in experimentally studying the effect of contact between corals and fireworms to test whether coral metabolic
change was significant under fireworm exposure under increasing temperatures. After acclimation period, two experimental sets were
created according to temperature factor [T16 °C and T27 °C, n = 18 coral colonies (containing between 18 and 20 polyps) and 12
fireworms; 12.1 + 1.5 g, mean + se] by increasing/decreasing 1 °C h™! from each sampling temperature. Once each experimental
temperatures were reached, 18 coral colonies per each temperature treatment were randomly selected and individually kept in 18
small aquaria (2 L) at the reached experimental conditions for 5 days to allowed correct thermal acclimation (Simonini et al., 2018).
Twelve of these aquariums were used for the exposure trials (contact with H. carunculata), while 6 of them were used as controls
(without interaction with the fireworm). After 24 h, one random selected H. carunculata specimen was moved to each “interaction”
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aquaria for 6 h period according to Simonini et al., (2017), (2018). Beforehand, four video recording cameras (Go Pro version Hero 8
Black) were employed to record the whole steps of interaction in each tank (Martin and Bateson, 1993). Movies were analyzed by an
operator to measure exploring time, interaction time and predation rate of both inter-players during each interaction trial.

Respirometric measurements. This second step consisted in measuring metabolic response as expressed by the oxygen consumption
(RR, mg O, h™! g1 DW) as described below to estimate if the predation by fireworms was recorded at metabolic level by corals, as a
proxy of predation risk. In doing so, the 18 coral colonies from each treatment temperature trial were gently moved to respirometric
chambers (volume = 310 ml) containing filtered (Whatman GF/C 0.45 um) air-saturated kept at 38 psu seawater, which is the
commonest salinity usually found in the South Tyrrhenian Sea subtidal range at the depth where both organisms co-occurred. To
ensure the constant mixing of the water, each chamber was stirred with a magnet bar and an individual stirring device (Bosch-Belmar
et al., 2016). Respirometric chambers were further randomly divided into three temperature-controlled water baths and the con-
centration of dissolved oxygen was measured simultaneously by means of 6 optical oxygen meters (model: Firesting O2; PyroScience
Inc. Germany), each equipped with four optodes (24 optodes in total). Four respirometric chambers were used as control in that they
were filled only with filtered seawater. Oxygen concentration measurements were performed in continuum for 1 hour and a half, and
data useful to estimate the consumption were extracted from the central hour to avoid edge effects. Temperatures in chambers were
kept stable by means of a circulated thermal bath (Optima TX150, Grant Inc., UK) and additionally monitored throughout the
recording period by HOBO. Respiration rate (RR, mg O, h™! g~} DW) was calculated according to Sara et al. (2013). After the
measurements, colonies were kept undisturbed in the respirometric chambers with aerated water for 1 hour (to increase the available
recovery time for the treated organisms) and then, each replicate was dried at 90 °C for 24 h and the dry weight (DW, g) was
determined (Goffredo et al., 2011) relationship. The same procedure was followed for H. carunculata individuals.

2.6. Data analysis

To test if the fireworm predated preferentially on the two offered coral species a GLM with zero inflated Poisson family distribution
was used, as our dataset presented a huge amount of zero. Moreover, “colony id” has been added to the model as random variable in
order to remove or reduce a source of variance linked with a single colony, and to handle also with non-independence condition among
polyps belonging to the same colony. Data regarding H. carunculata predation rate on A. calycularis were fitted through a non-linear
model by using nlsLM and rTPC packages in R (Padfield & O’Sullivan 2020). Accordingly, a total of 21 non-linear least squares
performance models were launched and compared, and this allowed us to identify the Briere (Briere et al., 1999) as the “best” fitting
model for predation data (i.e. presenting the lowest AICc score). After checking for data normality and homoscedasticity respiration
rate data from the “prey metabolic response to predator contact” experiment was analyzed through a Generalized Linear Model (GLM)
with “time of interaction” as weighted factor. After each model was run, a check was made on the residuals to ensure that no particular
trends were present and that they were normally distributed.

3. Results
3.1. Prey preference trial

Initially, fireworms showed an exploring behavior (18 + 6.3 min, mean + s.e.) moving around the aquarium. Once the prey was
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Fig. 1. Hermodice carunculata predation rate (mean number of preyed polyps per day) on A. calycularis and C. caespitosa colonies over time (5 days
of observations).
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encountered, the predators passed over them with a “prey inspection” behaviour (measured as “interaction time”) and “walk around”
during 14 + 7.7 min, mean = s.e.), but no predation was observed during the day of initial interaction. When predation attacks were
recorded during the subsequently observation days, fireworm behaviour consisted in everting the pharynx and preyed on corals
through suction movements exerted by the pharyngeal musculature. Colonies of both species were partially consumed during the 5
observation days, firstly leaving bared the edge of coenosarc and then the complete calyx. Statistical analysis showed not significant
difference between the predation rate (mean number of predated polyps per day) of the fireworm H. carunculata on both coral species
(t= 1.458, p > 0.05), therefore, H. carunculata showed higher preference to prey on A. calycularis during the first exposure days
exclusively feeding on the orange coral. Overall, a higher predation rate was observed on A. calycularis than to C. cespitosa, being the
total number of consumed polyps and the percentage of consumed prey during the 5 days of observations 17 and 9, and 12.86 + 5.25
and 3.48 + 1.42 respectively (Fig. 1). This potential preference may be due to the calyx morphology of A. calycularis polyps which
present a more accessible structure for the feeding strategy employed by H. carunculata.

3.2. Modeling predation curve over temperature

Significant differences in H. carunculata interaction time and predation rate on A. calycularis were observed at different temper-
atures and over time (p < 0.05 for both). The highest interaction time between the fireworm and the coral was recorded at 24 and 27 °C
(21.7 £ 2.9 min, 28.3 + 1.1 min respectively, mean + s.e., Fig. 2a), but in agreement with the previous experiments, no predation was
observed in the day of starting interaction. The highest predation rate over the tested temperature range was observed at 24 and 27 °C,
especially in the second and fourth day of experiment (Fig. 2b).

Modeling approach showed that Brier model was identified as the best fitting model for predation data (Appendix S1: Figure S1),
showing an optimum (the highest predatory performance) at 25.6 °C and a critical upper threshold (temperature where predatory
performance drastically decreases) of 30.9 °C (Fig. 3).

Behavior corroborated the model predictions, in that we observed reduced mobility in the fireworm individuals at 29 °C and the
absence of movement and predation at 31 °C (Fig. 3). Experimental corals (those exposed to H. carunculata and controls) showed
tentacle contraction at 27 °C, 29 °C and 31 °C, and necrotic tissue was observed at the highest temperature, highlighting the negative
effect of high temperatures on the coral performance.

10°C
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Fig. 2. Measured behavioral traits on H. carunculata and A. calycularis interactions over temperature: a) “interaction time” between fireworm and
orange coral at different temperatures. Light grey numbers in the grid refer to interaction minutes (ranging from 0 to 30 min); b) “predation rate”
(mean number of preyed polyps per day) at different temperatures and over time (5 observation days).
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Fig. 3. Predation curve of Hermodice carunculata, presenting the maximum predation performance (optimum) at 25.9 °C and the upper critical
threshold at 30.9 °C.

3.3. Prey metabolic response to predator contact

Recorded contact time between the fireworms and the experimental coral colonies was slightly lower at low temperature treatment,
even if there were not significant differences between 16 and 27 °C. Increasing temperature and contact with the stinging polychaete
affected the metabolic response of the coral (t = 6.95, p < 0.05; n = 12). Respiration rate was significantly different at the two
temperatures and when the fireworm was present (Fig. 4). At lower temperature (16 °C), the coral presented low respiration rate
values, that has more than significantly doubled when it was exposed to the fireworm. The higher temperature led to increased coral
oxygen consumption rate, while the combined effects of high temperature and fireworm contact caused a significant increasing rate of
oxygen uptake respect to separate effect of either factor, likely presenting a synergistic effect (Fig. 4). Once the contact took place, coral
polyps showed tentacle contraction, behaviour that was maintained during the whole experiment and after the end of the interaction.
On the contrary, fireworms did not showed significant differences in respiration rate between temperatures, highlighting the potential
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Fig. 4. Metabolic response (respiration rate, mg L! gr’1 DW) of treated (fireworm interaction; purple bars) and control (no-interaction; green bars)
A. calycularis experimental colonies at two different temperature treatments (16° C and 27 °C).
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polychaete ability to cope with changing temperature conditions.
4. Discussions

The interplay between temperature-dependent predator-prey interactions assumes significance in shaping ecosystem stability as
temperatures rise. The advent of rapid temperature fluctuations and extreme events, such as heatwaves, introduces perturbations that
challenge the intricate equilibrium between predators and prey. These disruptions hold the potential to induce unpredictable oscil-
lations in population sizes, consequently heightening the risk of biodiversity loss. The loss of biodiversity can result in the disap-
pearance of biotic interactions associated with local extinct species, along with the ecological services they provide, leading to direct
consequences for human well-being (Valiente-Banuet et al., 2015).

Within this context, this study brings to the forefront the role of Hermodice carunculata, an endemic benthic infralittoral predator
prevalent in the Mediterranean Sea. The predator-prey narrative intertwines with the impending challenges posed by future tem-
perature alterations. While the adaptability of H. carunculata grants it a remarkable presence, its implications extend to the well-being
of its prey. The predator demonstrates a propensity not only to predate upon A. calycularis colonies but also to elicit a stress-induced
metabolic response upon physical contact with the coral. Geographically, the ranges of these two species overlap, particularly along
the Mediterranean’s southern coasts, where the coral plays a pivotal role in shaping shallow infralittoral rocky habitats, hosting more
than 80 different species of invertebrates (Terron-Sigler et al., 2016). The interaction between abiotic (increasing temperatures) and
biotic (predation risk by the polychaete) stressors may result in synergistic effects impairing with consequences at population level.
Decreasing local populations of this habitat-forming species may suppose significant biodiversity loss and ecosystem services.

Meanwhile, H. carunculata has demonstrated a notable surge in both population density and distribution over the past decade
(Righi et al., 2020; Terron-Sigler et al., 2016). The consequences of fireworm predation extend beyond immediate impact, encom-
passing direct targeting of coral polyps and larvae and, consequently, the compromise of coral fitness. This disruption holds the po-
tential to trigger far-reaching consequences at the population level (Schulze et al., 2017), orchestrated through the intricate channels
of non-consumptive predation. Non-consumptive predation, a nuanced force, operates as an underlying architect of biotic interactions,
sculpting the contours of prey morphology, physiology, behavior, growth, and reproduction (Truong et al., 2022). In alignment with
this insight, our findings underscore that even a mere physical encounter with the fireworm prompts the retraction of coral polyp
tentacles, a response that persists beyond the interaction itself. Brief exposure to the stinging polychaete manifests in a palpable decline
in coral performance, evidenced by metabolic alterations and potential diminished feeding efficiency. This phenomenon highlights
Hermodice carunculata’s opportunistic feeding behavior and adept predatory strategies, particularly evident in its interactions with
cnidarians and starfish (Barroso et al., 2016; Kudenov et al., 2017; Simonini et al., 2018). This observation concurs with the propo-
sition that Mediterranean fireworm populations may sustain their resilience despite fluctuations in prey community composition
(Simonini et al., 2018). Furthermore, this predator exhibits a notable capacity to navigate anthropogenic environmental changes,
capitalizing on rising temperatures that fuel both poleward expansion and heightened population densities (Righi et al., 2020).

Temperature, a central effector of biological phenomena, drives the change in the dynamics of predator-prey interactions. As
temperatures rise, the intricate relationship undergoes a transformation, reshaping the equilibrium of populations and inducing
sweeping alterations in the delicate interplay of ecosystems and food webs (Bjorn et al., 2010). Elevated temperatures trigger an
upsurge in metabolism, prompting organisms to augment their food consumption to meet the heightened demands of increased energy
expenditure.

The predation response of H. carunculata to temperature fluctuations unveils a skewed curve, characterized by a negative skewness.
The predator’s performance diminishes at lower temperatures, culminating in an apex at approximately 25.6 °C, where the predation
rate on the coral reaches its zenith. However, as temperatures transcend this threshold, a cascade of decline ensues, marked by a
decline in mobility and reduced pursuit of prey at 29 °C. Feeding ceases altogether at temperatures ranging between 29 and 31 °C.
Remarkably, this aligns with model predictions, pinpointing the upper critical temperature for feeding at an exacting 30.9 °C. The
variability in consumption rate with temperature hinges on the evolutionary response of both predator and prey to temperature al-
terations (Dell et al., 2014).

Thus, our results can be seen within the context of a phenological mismatch, particularly considering current and future ocean
warming conditions (Renner and Zohner, 2018). Indeed, this polychaeta which responds to the mechanistic rules of temperature
controlling biotic interactions, when living over certain thermal thresholds will have a negative impact on its ability to prey as
predators and prey respond differently to temperature changes. It could result in a phenological mismatches, where peak prey
availability no longer coincides with peak predator demand. This finally could have effects of predator reproduction and on its overall
population dynamics. Thus introducing mechanisms into the prey-predator relationship makes visible the double side of the coin. On
one hand, the predator’s inclination towards optimal feeding may disrupt prey populations, already stressed due to abiotic conditions
(high temperature), casting a shadow of non-consumptive predator impact up to a certain threshold (in this case, 25.6°C). On the other
hand, as this threshold is approached and surpassed, a decline in predation pressure is anticipated, carrying implications for biodi-
versity loss on both fronts. This underscores the duality inherent in this complex relationship. Nevertheless, we need to increase our
effort in the modelling area for instance adopting ensemble of ecological niche models based on key organisms functional traits and
downscaled climate change projections to predict the magnitude of interactive effects among stressors of different nature and prop-
erties. This advancement would enhance our mechanistic understanding of ecosystems, particularly the nature of the links that connect
biotic interactions within the ambit of increasing temperatures, providing greater realism to the model predictions assisting risk
assessment and management strategies. The outcome, in turn, offers a habitat-dependent framework to enrich our comprehension of
the mechanisms that underlie community structure and functioning (Enquist et al., 2015) in the face of human-induced environmental
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changes. This strategic understanding equips us to effectively anticipate and mitigate potential implications for local biodiversity and
would efficiently assist management and conservation plans for vulnerable species and habitats to current and future changing climatic
conditions.

5. Conclusions

In conclusion, this study underscores the significance of temperature-dependent predator-prey interactions, particularly the role of
a native-invader in shaping ecosystem stability amid rising temperatures. The emergence of rapid temperature fluctuations and
extreme events may introduce perturbations that challenge the equilibrium of the ecosystem. The multiple stressor condition, resulting
from increasing temperatures and the intensification of negative biotic interactions, pose a significant threat to endemic key habitat
forming species in the Mediterranean Sea. Such understanding is crucial for anticipating and mitigating potential implications for local
biodiversity, informing management and conservation actions for vulnerable species and habitats in the current and future changing
climatic scenarios.
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