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            Abstract
To understand the processes that regulate the abundance and persistence of wild populations is a fundamental goal of ecology and a prerequisite for the management of living resources. Variable abundance data, however, make the demonstration of regulation processes challenging1,2,3. A previously overlooked aspect in understanding how populations are regulated4,5,6 is the possibility that the pattern of variability—its strength as a function of population size—may be more than ‘noise’, thus revealing much about the characteristics of population regulation. Here we show that patterns in survival variability do provide evidence of regulation through density. Using a large, global compilation of marine, anadromous and freshwater fisheries data, we examine the relationship between the variability of survival and population abundance. The interannual variability in progeny survival increases at low adult abundance in an inversely density-dependent fashion. This pattern is consistent with models in which density dependence enters after the larval stage. The findings are compatible with very simple forms of density dependence: even a linear increase of juvenile mortality with adult density adequately explains the results. The model predictions explain why populations with strong regulation may experience large increases in variability at low densities7. Furthermore, the inverse relationship between survival variability and the strength of density dependence has important consequences for fisheries management and recovery, and population persistence or extinction8,9,10.
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                    Figure 1: 
                        Example relationships between the survival index and adult abundance.
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Figure 2: 
                        The predicted relationships between adult abundance and recruitment, survival and survival variability.
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Figure 3: 
                        Estimates of the heteroscedastic coefficient 
                        η
                        
                        1
                         in survival across available fish species.
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        Editorial Summary
Fish numbers: feel the noise
Population sizes of insects, fish, birds and mammals vary greatly from year to year. This variability has often been seen as mere 'noise', an obstacle to unravelling the underlying abundance patterns. This has lead to divergent theories as to whether population growth will decrease at large numbers because of limited resources. Minto et al. adopt a novel approach to the problem by focusing on the very patterns of variability that were previously thought of as an obstacle. There should be patterns discernible in the variable data, the thinking goes, if populations are regulated according to their size. The assumption is supported by a study of a global database of fish species. The predictions relate to all population sizes and reveal, in particular, that variance continues to increase the lower the population size becomes. Focusing solely on the average numbers of a population will miss this fact, and increase the risk of numbers plummeting to extinction.
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