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A commentary on
 A Bird in the House: The Challenge of Being Ecologically Relevant in Captivity

by Beaulieu, M. (2016). Front. Ecol. Evol. 4:141. doi: 10.3389/fevo.2016.00141



In his recent paper Beaulieu (2016) suggested that the conditions in which zebra finches are housed in research laboratories do not represent conditions in the wild, and may be stressful. These findings were based on his consideration of some Australian climate data and the levels of corticosterone reported in a range of published studies. We think there are problems with both Beaulieu's (2016) perspective on climate and day length, and his treatment and interpretation of corticosterone data from the literature, and we disagree with his main conclusion that laboratory climatic and day length conditions are stressful for zebra finches.

Beaulieu (2016) found that the average conditions under which laboratory zebra finches are held is at a temperature of 22.2°C, with a humidity of 45.8% and with 13.8 h a day of light, and concluded that zebra finches “are housed under conditions that would be perceived as a paradoxical season in the wild.” We agree that these conditions are representative of typical conditions in captivity. In their recent review (Griffith et al., 2017), also collated temperature, humidity, and day length across a number of representative laboratory studies and found to be similar to those presented by Beaulieu (2016): average temperature 20.7°C ± 2.1 SD; humidity 48.9% ± 15.0 SD; day length 13 h 51 min (data from Table 1 in Griffith et al., 2017). As outlined below, we think that these laboratory conditions are representative of those experienced by wild zebra finches and that Beaulieu's (2016) representation of Australian climatic and photoperiodic conditions (and the interaction between them) is somewhat misleading.

The zebra finch is widely distributed across the desert and grassland biomes of Australia (>80% of the continent) and as such the species is exposed to extensive variation in climate and day length (temporally and spatially). Two populations of breeding zebra finch have been studied intensively in these biomes. Zann studied zebra finches in the grassland biome at Alice Springs, in central Australia, a location where they breed more erratically than elsewhere (Zann, 1996). By contrast, breeding is more reliable in the desert biome (Zann, 1996) and, for example, at Fowlers Gap in north-west New South Wales, they breed seasonally from August to December with a peak of breeding activity in October (Griffith et al., 2008). Therefore, Fowlers Gap provides an example of a site in the desert biome where zebra finches breed regularly and have been the focus of ongoing research since 2004.

Over the period when clutches were laid between 2007 and 2010 at Fowlers Gap (Griffith et al., 2008; Mariette and Griffith, 2012) the mean daily temperature at the time of laying of 317 clutches of wild zebra finches was 19.42°C ± 3.09 SD (Figure 1A), with a mean daily minimum of 12.44°C ± 3.23 SD, and a mean daily maximum of 26.40°C ± 3.09 SD (all data sourced from Bureau of Meteorology as in Beaulieu, 2016). Therefore, in the wild, temperatures during breeding are variable, but overlap well with captive conditions. Similarly, humidity varies within and across days with climatic conditions and the amount of soil moisture (see Figure 1B for example). If we consider the daily variation in just October across the same years (month of peak breeding), the average humidity is 41.62% ± 18.62 SD at 9 a.m.; and 23.29% ± 15.53 SD at 3 p.m. The daily humidity levels ranged between 4 and 96% in the October of these exemplar years. Therefore, whilst the average conditions at 9 a.m. are slightly lower (41% vs. 45–49% in laboratory), wild zebra finches are frequently exposed to a wide range of humidity conditions that are both higher and lower than those experienced in the laboratory. For both temperature and humidity, Beaulieu (2016) has presented and discussed the long-term average conditions, without considering that within and across days and months the actual conditions experienced are highly variable, and birds (and selection) are responding to actual conditions experienced rather than the long-term averages, which naturally appear to be relatively stable (e.g., Figure 1B).
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FIGURE 1. Temperature conditions during Zebra finch breeding. Panel (A) is a frequency distribution of the mean average daily temperature during egg laying for 317 clutches that were observed at Fowlers Gap between 2007 and 2010. The mean average daily temperature covers a period from 10 days before the first egg was laid until 5 days after the first egg date, when generally the last egg is laid. Panel (B) plots the temperature and humidity across the days of October in 2010. Maximum temperature is plotted as a solid line, minimum temperature is plotted as a dotted line and humidity at 3 p.m. is plotted as a long dashed line. The solid straight line is a line of best fit between the mean average temperature of September and November (on the x-axis the means are plotted in the middle of the month, 15 days before and after October). In panel b (i) plots the average temperature (± SD) in captive environments and (ii) plots the average humidity (± SD) in captive environments (data from Griffith et al., 2017).



In his consideration of day length, Beaulieu (2016) calculated the difference in time between sunrise and sunset, finding that a 14 h day only occurs at the summer solstice in the desert biome. However, Beaulieu (2016) did not account for the period of light before and after the time of sunrise and sunset (civil dawn and dusk) the period of time that is defined as being light enough for normal human activity (and when the sun is within 6° of the horizon). At Fowlers Gap, this adds over 50 min of daylight to the estimates calculated by Beaulieu (2016), and therefore during the key months of breeding the day lengths are actually: August 11 h 47 min; September 12 h 42 min; October 13 h 41 min; November 14 h 39 min. The period of day length that is typically used in the laboratory (around 13.5 Griffith et al., 2017; 13.8 h Beaulieu, 2016), matches well with the period of peak breeding (October) in the desert biome at Fowlers Gap, and across central Australia at a similar latitude.

Beaulieu (2016) concludes that standard housing conditions are a source of stress for zebra finches and presents data collated from 29 studies that show a negative association between housing temperature and baseline corticosterone levels. The term “stress” is often misleading and it is an oversimplification to conclude that elevated baseline levels of glucocorticoids indicate that an animal is in distress or has activated the “emergency life-history stage” (McEwen and Winfield, 2003; Romero, 2004). Glucocorticoids are steroid hormones that predominantly function to mobilize stored energy and are continually secreted at low (baseline) levels (Dallman et al., 1994). Birds may experience changes in baseline corticosterone (the dominant avian glucocorticoid) levels at different life-history stages (e.g., reproduction: Pereyra and Wingfield, 2003) that are independent of a stress response. Therefore, comparing corticosterone levels across studies should be undertaken with care and factors that could affect levels such as reproductive state (Horton and Holberton, 2010), age (Heidinger et al., 2006), sex (Lormée et al., 2003), and condition (Crino et al., 2017) should be accounted for in statistical analyses.

Another challenge for comparative work, is that methods for assaying hormones vary between laboratories (e.g., enzyme-immunoassay vs. radioimmunoassay) and coefficients of variation for identical samples assayed at different labs can be as high as 70.4% (McMaster et al., 2001). Combining corticosterone data from across studies (as in Beaulieu, 2016) is likely to result in spurious conclusions in the absence of controls for differences between experimental assays, and the state of study animals (see above). There is also variation in how hormones values are reported. For example, in the supplemental material (“data sheet 1”), Beaulieu (2016) presents “basal” corticosterone data from across studies in terms of ng/ml, and includes a value of 93.5 mg/ml for the study by Krause and Ruploh (2016). However Krause and Ruploh (2016) standardized their data and their values were presented in a unit-less corticosterone index, i.e., they weren't actually values in ng/ml as used by Beaulieu (2016) in his analysis. Future studies comparing hormone values across labs should be wary of this error. However, if sources of variation are adequately addressed and values interpreted correctly, the large number of studies that Beaulieu (2016) has identified, potentially open up exciting opportunities to answer sophisticated questions about stress physiology.

We conclude that average laboratory climatic and photoperiodic parameters are reflective of the conditions in which wild zebra finches live and breed (with the caveat that they are fixed rather than variable—see below), and that the evidence presented by Beaulieu (2016) that they are stressful is currently inconclusive. Future studies should standardize conditions in captivity as far as possible, and report them (see also Griffith et al., 2017), so that variation in those abiotic factors raised by Beaulieu (2016), are less likely to confound research findings in captivity. There are also good opportunities for further experimental manipulations to examine the physiological effects of light, temperature and humidity in captivity. Until such experimental work informs the optimal environmental conditions for this species in captivity, we suggest the average conditions we have reported above are a good starting point. We also note that a whole range of other environmental conditions such as housing, diet, social context, and the quality of light are also “unnatural” and their affects should be considered (reviewed in Griffith et al., 2017).

The other issue raised by a consideration of wild vs. captive conditions is that in captivity the conditions are stable rather than showing the variability found in the wild. The lack of variability—the controlled conditions of captivity—is one of the main reasons for conducting work on research animals in the laboratory. Controlling for the high level of variation in temperature, humidity and day-length that animals are exposed to in the wild, helps us to understand fundamental questions across the range of fields that have been addressed with the captive zebra finch (Griffith and Buchanan, 2010). We note also that the studies covered in Beaulieu's (2016) commentary demonstrated effects across sets of individuals held under the same conditions, and therefore the reported differences amongst the individuals in each study are still informative. Whilst holding captive animals under controlled conditions is an important rationale underlying captive animal work, there is merit in further attempts to examine the effect of fluctuating versus constant conditions (e.g., Briga and Verhulst, 2015), or to consider providing behavioral or physiological challenges that might challenge captive birds in a way that is similar to their wild counterparts (e.g., Briga et al., 2017). So in conclusion, whilst we disagree with many of Beaulieu's (2016) specific interpretations, we do agree that it is important to consider the effect of a range of environmental factors on physiology, behavior and reproduction in the captive zebra finch, as well as considering the ecological context in which it evolved (reviewed in Griffith et al., 2017).
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