Abstract

' The dispersal and migration of marine fauna are affected by many factors; two of which to be considered significant are temperature and hydrostatic pressure. To
~ understand the necessary evolutionary adaptations for colonisation of different thermal and hyperbaric environments it is important to understand how these
factors affect not only adults, but also early life stages. Here we examine how these variables impact veligers and juveniles of the neogastropod Buccinum undatum.
- Development in this species is intracapsular. Egg masses were maintained at temperatures ranging from 3 to 18°C. In veligers, temperature affected respiration rates
but no effect of pressure up to 400 atm was seen. In juveniles, respiration rates were affected by temperature, pressure and the interaction of the two factors. The
| greatest tolerance to high pressure was seen at the lowest experimental temperature (3°C). The temperature and pressure tolerances observed are outside the
bathymetric and latitudinal range of B. undatum’s current distribution, which may suggest this species is capable of further expanding its distribution range. The
increased pressure tolerance seen with decreased temperature in juveniles may be linked to the deep-sea origin of neogastropods. This study highlights the
importance of understanding the full effects of temperature and pressure across all ontogenetic stages. Without this knowledge it is impossible to understand better
how changes in climate envelopes affect the distribution and radiation of species, with regard to both latitude and depth.
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Introduction

Temperature and hydrostatic pressure are capable of causing major
physiological disruptions, and both independently and collectively
create substantial evolutionary challenges for marine fauna. To
understand how these factors affect different life stages will give
insight into both past radiations and help predict future migrations in
light of potential threats like climate change.
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Method

Gastropods from the Buccinidae family are found widely distributed
throughout the oceans (Martell et al., 2002). The shallow-water
species Buccinum undatum (the Common Whelk) is found on both
sides of the Atlantic, from Iceland to the southern coast of England

(Hancock, 1967). Here, using samples collected from both ends of the

species distribution range, the physiological effects of temperature
and pressure during early ontogeny were investigated.
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Buccinum undatum egg masses were collected from Southampton Water and the Solent, UK
(12 masses; Jan-Feb 2010 and 2011) and from Breidafjordur, Iceland {6 masses; Apr-May
2011). Egg masses from the UK were incubated at 6, 10, 14 or 18°C. Egg masses from Iceland
were incubated at 3 or 6°C. Three egg masses were maintained under each condition.

Investigations into oxygen consumption rates were carried out on veligers and hatching

juveniles from all conditions. Pressurisation took place in 2.8ml vials (3 individuals per vial; 9
vials per condition). Vials were pressurised to 1, 100, 200, 300 or 400 atm for 4h at each
developmental temperature. After depressurisation, vial oxygen content was measured to
determine oxygen consumption {analysed according to Benson & Krause, 1984).
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Figure 1: Effects of temperature and pressure on oxygen consumption in a) veliger
and b) juvenile B. undatum. For each point n=9. Error bars display standard error.

Results

| Analysis indicated a pattern of decreasing oxygen consumption with
increasing pressure in juveniles {p<0.001). A difference in oxygen
consumption between temperatures was observed in both veligers and
juveniles (p<0.001). A significant interaction was determined which

s of increasing pressure on oxygen consumption were
reduced with decreasing temperature (Tables 1 and 2).

Table 1: Post-hoc analysis of the effects
of temperature, pressure and
temperature/pressure interactions on
| oxygen consumption in veliger and

__ | juvenile in B. undatum. Significant values
are in bold.

Veliger O,
cons,

Juvenile O,
cons,

- _ -

Discussion and summary
Results suggest that during its early ontogeny this species is
able to tolerate deep-sea conditions. Impacts of high
== pressure also appear to be partially compensated for by
' decreased temperature. This is contrary to previous
investigations (e.g. Tyler et al. 2000; Oliphant et al. 2011)
¥ and is likely linked to the deep sea and cold water origin of
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as individuals develop and highlight the importance of
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Table 2: Post-hoc analysis of pressure effects on oxygen consumption (when compared to 1 atm]) at different developmental temperaturesin a)
veliger and b) juvenile B. undatum. Significance level indicated by asterisks,* p<0.05; **p=<0.01; ***p<0.001.
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_, studying the effects of variables such as temperature and
= pressure on all life stages. They also give insight into the
 potential for future radiations with regard to latitude and
depth in response to future environmental change and
global warming.
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