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Abstract 16 

To what extent do parallel and unique local adaptation occur along elevational gradients? In 17 

a reciprocal transplant experiment, Bachmann and Van Buskirk (2020) found stronger 18 

evidence for parallel adaptation to elevation than for unique local adaptation in Rana 19 

temporaria populations of the Swiss Alps. This finding has important implications for 20 

understanding gene flow effects on adaptive patterns and provides a useful investigative 21 

framework for the study of adaptation.  22 

Main text 23 

Local adaptation is defined by the evolution of certain genotypes linked to a particular 24 

environment that confer fitness advantages under the local environmental conditions. 25 

Divergent selective forces drive local adaptation, while gene flow may blur or intensify 26 

adaptive patterns by homogenizing allelic frequencies and limiting the response to selection, 27 

or by providing genetic diversity and potentially adaptive alleles. Unique local adaptation 28 

arises when genotypes are adapted to the conditions of specific sites and gene flow between 29 

sites is restricted. In contrast, parallel local adaptation occurs when genotypes are adapted 30 

to a particular habitat type. In this case, gene flow occurs between sites within a certain 31 

habitat type but is restricted between sites from different habitats (Kawecki & Ebert 2004; 32 

Fig. 1). Although these two processes of local adaptation directly affect population structure 33 

and reflect the scale of selection-migration ratio on populations, their relative importance in 34 

nature is still poorly understood.  35 

Bachmann and Van Buskirk (2020) shed light on this question by specifically designing a 36 

reciprocal transplant experiment to evaluate the extent of parallel adaptation to elevation and 37 
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unique local adaptation in populations of the frog Rana temporaria in an alpine landscape. 38 

The authors used frog larvae from two low-elevation and two high-elevation source 39 

populations in the transplant experiment. In each of the eight test ponds – four at each 40 

elevation – tadpoles from a local population, a foreign population from the same elevation, 41 

and foreign populations from different elevations were reared in separate enclosures (Fig.1). 42 

The authors then estimated the expected fitness of each individual. 43 

The empirical detection of local adaptation is challenging. It relies on the different 44 

performance of genotypes from different origins when subjected to similar environmental 45 

conditions, which should be evaluated with field transplant experiments (Kawecki & Ebert 46 

2004). Bachmann and Van Buskirk (2020) successfully addressed this challenge with a 47 

remarkable result: evidence for parallel adaptation to elevation, rather than unique local 48 

adaptation. Tadpoles reared at their home elevation had the highest fitness: at low 49 

elevations, low-elevation tadpoles had 11.5% higher fitness than those from high elevations, 50 

and at high elevations, high-elevation tadpoles had 47% higher fitness than tadpoles from 51 

low elevations. The evidence of unique adaptation was limited, with noticeable variation in 52 

the results between ponds. 53 

Evolutionary adaptation is likely to be an important response for population-level persistence 54 

in the face of climate change, particularly for marginal populations, which inhabit areas 55 

where environmental conditions are already harsh (Kawecki 2008; Pironon et al. 2017). 56 

Strong selective pressures caused by stressful conditions in the hypothetical presence of 57 

substantial levels of genetic diversity could confer distinct evolutionary potential to such 58 

populations (Kawecki 2008). In this context, the study of unique and parallel local adaptation 59 

may allow a deeper understanding of the adaptive processes occurring in marginal areas. 60 

Populations interconnected by gene flow, but locally adapted to marginal environmental 61 

conditions (i.e. parallel local adaptation), may have better chances to overcome climate 62 

changes. Moreover, existing gene flow between populations inhabiting similar environmental 63 

conditions may foster the acquisition of adaptive phenotypes in marginal areas (Morente‐64 

López et al. 2020). On the contrary, fragmented populations with restricted gene flow, 65 

despite having the capability to develop local adaptations to a specific site (i.e. unique local 66 

adaptation), may be more vulnerable to changes in environmental conditions promoted by 67 

climate change. 68 

The study developed by Bachmann and Van Buskirk (2020) presents an interesting 69 

experimental framework for disentangling adaptive patterns of populations modulated by 70 

gene flow and selective pressures. A better understanding of the extent of parallel 71 

adaptation and unique local adaptation, together with the increasing knowledge of the 72 

genomic basis under these processes, are crucial for understanding, predicting, and 73 

managing the effects of global climate change (Exposito-Alonso et al. 2019).  74 

 75 



 76 

Figure 1. Reciprocal transplant experiment performed by Bachmann and Van Buskirk (2020) 77 

used to differentiate parallel and unique local adaptation. Under a parallel local adaptation 78 

process, the main divergent selective forces act between habitat types (in this case, high 79 

and low elevation), showing higher fitness in local and foreign genotypes from the same 80 

habitat type. Gene flow occurs between sites within habitat type but is restricted between 81 

sites from different habitats. On the contrary, unique local adaptation is detected when only 82 

local genotypes have higher fitness as they are adapted to specific sites rather than to 83 

habitat types. In this context, gene flow is restricted between all specific sites. This study 84 

provided evidence for parallel adaptation to low elevation, rather than unique local 85 

adaptation. 86 
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