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Abstract

The distribution of small pelagic fish is controlled by environmental variability at present as well as in the past.
A review of the available data on the Mediterranean biogeography of Engraulidae and Clupeidae covering the
last 13 million years indicate that naturally-occurring changes in the geological past have repeatedly modified
the fish distribution in this area.
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1. Introduction

Environmental variability determines the distribution of small pelagic fish. The close link between
climate and fish populations has been historically observed, in seasonal to centennial time-scales
(e.g., Finney et al.,, 2010; Alheit et al., 2014). The long-term effect of climatic variability on fish
populations, however, is little known, since it requires longer time-series data than currently
available. Significant questions arise regarding fishes’ tolerance limits to rapid and gradual climate
change, as well as the possibility for recovery. In this study, the distribution of Clupeidae and
Engraulidae is analyzed on the sub-basin, stratigraphic stage level, based on their fossil
Mediterranean record, in order to investigate the long-term effects of environmental variability.

2. Materials and Methods

A review is conducted of the published data on fossil fish skeletal parts and/or otoliths, recording
the Mediterranean distribution of small pelagic fish of the families Clupeidae and Engraulidae. This
stage-level resolution covers the Serravallian-Middle Pleistocene interval (13.82-0.126 Ma). The fossil
data reveal presences only, since absences in the record do not necessarily correspond to absences
in the original assemblage. The Upper Pleistocene stage is not included in the analysis, because there
are no available reference data; whereas Gelasian material is not available due to the lack of relevant
studies. The fossil record is analyzed with reference to the different sub-basins within the
Mediterranean Sea and in correlation with the species’ present-day geographic distributions.

3. Results and Discussion

The available fossil data are presented in Figure 1 and Table 1. This review indicates that fossil
Miocene fish; such as Alosa crassa Sauvage, 1873 and Sardina crassa Sauvage, 1873; were gradually
displaced by the modern species Engraulis encrasicolus (Linnaeus, 1758) and Sardinella maderensis
(Lowe, 1838); although Sardina pilchardus (Walbaum, 1792) was present in the Mediterranean even
before the Messinian Salinity Crisis (MSC; Table 1). Alosa spp. are reported in the western
Mediterranean from the Serravallian through the Piacenzian, in the eastern sub-basin and the
Adriatic Sea. Two species are mentioned; Alosa crassa, a fossil Miocene species, and llisha (Alosa)
elongata (Anonymous [Bennett], 1830), which currently inhabits the Indo-Pacific. So far, there are no
Pleistocene records of Alosa spp. Sardina crassa and Sardina pilchardus are present in the eastern
and the western sub-basin before the MSC and reappear after the crisis; they are both found in the
Piacenzian of the Adriatic, whereas, in the eastern sub-basin, post-MSC records only include S.
pilchardus.
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