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Mapping the Relationship of Otolith Microchemistry to Water Masses —
Effects of Salinity, Geology, and Species Observed at Different Scales

Karin E. Limburg
Department of Systems Ecology, Univ. of Stockholm, S-106 91 Stockholm, Sweden
Telephone +46-(0)8 164920, Fax +46-(0)8 158417, Email Karin_L@system.ecology.su.se

Introduction

Otoliths are small, biogenic structures that form part of the hearing and
balance system of teleost fishes (Moyle and Cech 1988). These are largely aragonitic,
with the CaCOs precipitated on a protein matrix. Because their accretion is daily
(Pannella 1971), critical information on age and growth rate can be acquired for
individual fish with high resolution. This capability is now heavily exploited, and not
only for fisheries applications. The ability to retrieve information from otoliths, as
from an airplane flight recorder, adds an exciting new dimension to basic research in
life history, evolution, and general ecology as well (e.g., Limburg 1994).

Microanalysis of otolith chemistry is one of the most important and rapidly
developing fields in otolith research today (Secor et al. 1995a). For instance,
temporal changes of strontium concentration in otoliths, as determined with
conventional microprobe technology, have been used to infer past thermal and salinity
environments of fishes (Limburg 1995, Secor et al.1995b, Townsend et al. 1995).
The development of inductively coupled plasma spectrometry techniques (ICP)
(Jarvis and Jarvis 1992) has permitted rapid, high precision measurement of elements
and their stable isotopes at trace concentrations. Recent applications of ICP
spectrometry to otoliths has permitted the construction of “elemental fingerprints”
which have been used to distinguish between stocks of different origins (e.g.,
Edmonds 1991; Campana et al. 1995; Bronte et al. 1996; Dove et al. 1996).

Although we are confident that strontium entrained in otoliths will allow us to
examine differences between freshwater and seawater residencies of fish, we wish to
determine more precisely this relationship at different salinities, e.g., those
characteristically observed in the Baltic Sea. Further, geological differences within
sub-drainage basins within the Baltic add a second layer of elemental variation in
water masses (Lofvendahl et al. 1990; Andersson et al. 1994). Whereas the
concentrations of some dissolved trace elements can vary widely over fairly short
periods (e.g., Stumm and Morgan 1996), otoliths have been demonstrated to be
reliable integrators of the chemical environment experienced by fish (Radtke 1984;
Secor et al. 1995b).

Swedish coastal waters range from full-strength seawater to nearly fresh, and
Baltic basin geology divides roughly along an older, Precambrian shield to the north
and a younger set of Phanerozoic rocks to the south (including Gotland, Oland, and
extreme southern Sweden: Winterhalter et al. 1981). Finer-scale geological
heterogeneity is evident on the island of Gotland (Svantesson 1978). A natural
gradient of scales exists near at hand, with which to explore the uptake of trace
elements by otoliths.

Research Questions: Thus we may pose the following fundamental questions:
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1. To what extent does salinity affect otolith uptake of elements around the
Swedish coast?

2. At what spatial scales can uptake variations be detected? (i.e., down to
the local scale, or only at the scale of the whole Baltic)

3. Do otoliths of different sympatric fish species exhibit different uptake
patterns? If so. are there any robust patterns relating to environment?

Goals and Objectives

Our goal in this project is to map the variability in otolith elemental uptake at
three different spatial scales:

e asynoptic “macro-scale”: variation related to salinity;

e “meso-scale”: detecting differences between mainland Sweden (Precambrian
Shield bedrock) and Gotland (Phanerozoic bedrock);

e “micro-scale”: variation around Gotland itself, in proximity to the mouths of
streams draining different reef formations, and bedrock types (limestone vs.
sandstone).

The ideal test organism for this study would be a completely euryhaline,
nonmigratory teleost. There are at least two candidate species: viviparous blenny
(Zoarces viviparus) and threespine stickleback (Gasterosteus aculeatus). Both
species are coastal and have small home ranges, so elemental variation in otoliths
should reflect the environment in the place of capture. Z. viviparus ranges around the
entire Swedish coast but not in freshwater; G. aculeatus occurs along coastlines and
in fresh water as well (Pethon and Svedberg 1996). Because of their small home
ranges, both species have been identified as suitable for bioindicator studies
(Jacobsson et al. 1986, Kowaleska and Korzeniewski 1991). Inter-specific
comparisons of otolith elemental composition can be made where the species co-
occur.

We will collect fish, extract their otoliths, and analyze their elemental
composition by means of ICP-mass spectrometry (ICPMS) and ICP-atomic emission
spectrometry (ICPAES). Additionally we will collect samples of water in proximity
to where the fish are caught and analyze bulk chemistry in addition to salinity.
Details follow below.

Methods

Fish will be collected at approximately the sites illustrated in Fig. 1.
Approximately 20 fish of each species will be taken at each site. Fewer sites will be
used for G. aculeatus (to keep expenses down) but will include a freshwater “end-
member” site. Around Gotland, we will collect fish near the mouths of three streams
that drain different bedrock types (determined by overlaying a map of drainage basins
on top of a geological map). Sagittal otoliths will be removed, cleaned, and weighed.
Care will be taken to avoid contamination (see Fowler et al. 1995). Preparation for
ICP spectrometry will be done at Stockholm University following procedures outlined
in Fowler et al. (1995). Samples will be analyzed by a contracted laboratory.

Water will be collected at the same sites, 3 times during the year, using acid-
washed containers. Water should be collected in the vicinity of the fishes to
approximate as much as possible the aqueous environment experienced by them. A
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subsample of water will be filtered to eliminate particulates (> 45 pum; Andersson et
al. 1994). In addition to salinity and temperature, we will measure Ca, Na, K, CI, and
S. Samples will also be analyzed by a contracted laboratory.

A fairly large number of elements have been found to occur in trace amounts
in otoliths, and it is difficult a priori to say which elements will be found at
informative levels in Z. viviparus and G. aculeatus. In addition to Ca and Sr, it will
most likely be interesting to measure Ba, Cu, Zn, B, Li, and Ni (S. Campana,
Department of Fisheries and Oceans, Nova Scotia, Canada, personal communication).
The isotopes *'Sr and **Sr will also yield useful information as a north-south gradient
in ¥’Sr/*Sr exists in the Baltic (Lofvendal et al. 1990; Andersson et al. 1992). A pilot
study on otoliths will be carried out in 1997 to determine which elements look
promising.

Multivariate statistical techniques will be used to analyze the data. The
independent variables will include locale, salinity, bulk chemical concentrations in
water, and species. Size-at-age (determined by otolith aging) will be included as a
covariate. Discriminant function analysis will be employed to test the degree of
separation of otoliths by salinity, geographic location, and species.

Schedule
Year 1 - Collection of fish and water samples; sample preparation; analysis
Year 2 - More analysis; statistical analyses; preparation of manuscripts
Relevance of the Proposed Research

This study will be the first, and therefore groundbreaking, analysis of the
relationship of fish otolith microchemistry to water masses around Sweden and in the
Baltic as a whole. It is well established that otolith incorporation of elements is
mediated through physiology (Kalish 1989, 1991; Sadovy and Severin 1992) and this
can present a confounding influence. However, we are exploiting a strong salinity
gradient and a second potentially strong gradient in drainage basin geology. It should
also be possible to correct to some extent (e.g., by analysis of covariance) for growth
rate effects.

By providing this basic “map” of otolith microchemistry in resident species,
we will be able to judge the degree to which we can discriminate movement and
recruitment of diadromous fishes in Baltic habitats at different geographic scales of
resolution, as we are planning to do in a separate proposal to SJFR (Limburg et al.
1997). Furthermore, this study will lay a critical foundation for future work, as
techniques, e.g., high resolution mass spectroscopy, become available to measure
trace elements and isotopes at the spatial resolution of microns, as is currently
possible with conventional microprobes. This new capability will greatly enhance the
application of otolith chemistry to ecological and life history problems in Swedish
coastal waters.

Notes on the Budget

Most of the expenses (ca. 70%) are for chemical analyses, which must be
contracted out. Otolith analytic costs (estimated 310 otolith analyses) are based on
approximate North American prices, which are about 40% lower than Swedish price
estimates. Water analyses (estim. 66 analyses) are based on price quote from Svensk
Grunddmnesanalys AB, Luled. Other major expenses include labor (laboratory
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assistance (4 mo in Year 1, 2 mo in Year 2) to help with sampling and processing)
and fees to fishermen for collecting fish. Principal investigator time is provided at no
cost.
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Fig. 1. Map of Baltic drainage basin, showing approximate locations of proposed sampling
sites for Zoarces (Z) and Gasterosteus (G). Water will be collected at the same
sites. Inset map shows major basin bedrock types.
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