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Introduction 

 Navarino Island, Chile is located within the Cape Horn Biosphere Reserve and contains 

the Robalo River watershed, which is considered to be in a highly pristine condition (Anderson 

& Rosemond 2007). This island houses the southernmost city in the world, Puerto Williams, and 

is considered to be in the sub-Antarctic ecoregion. This ecoregion has a much smaller land mass 

compared to the latitudinally similar sub-Arctic, and has a temperate rainforest climate and many 

endemic species. Because the region has had minimal human impacts, it provides an opportunity 

to study ecosystems and develop baseline conditions for monitoring future changes that may 

occur due to changes in water quality or global climate change. While both the native and 

invasive vertebrates of the region have been heavily researched, little is currently known about 

the freshwater invertebrates that populate the streams (Moorman 2006). This is an oversight due 

to the utility of benthic macroinvertebrates as indicator taxa for changes in the environment. 

 Of particular interest in this region are the interactions of temperature on the development 

of aquatic insects in the Robalo River watershed. Changes in temperature have a direct impact 

upon aquatic benthic macroinvertebrates in both their life history and geographical distributions. 

Temperature directly affects their metabolism, growth rates, development, and other behavioral 

traits, so environmental stressors attributed to climate change will have direct impacts upon their 

life histories (Sweeney et al. 1990). Due to the pristine nature of the streams and a lack of other 

major stressors on the benthic community in the Robalo River watershed, obtaining current 

phenological data will allow for a baseline for future studies to compare against. 

 Collection of physicochemical parameters and biological samples were taken as part of 

the University of North Texas Sub-Antarctic Biolcultural program in the Robalo River watershed 
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monitoring program and were the basis for Tamara Contador’s doctoral research.  This 

monitoring program provided information on a number of aquatic insects that were beyond the 

scope of Dr. Contador’s research but provided the opportunity for additional research.  In order 

to add to the baseline knowledge of this region, this study focused on the phenology of two 

insects, Edwardsina sp. (Diptera: Blephariceridae) and Andesiops ardua (Ephemeroptera: 

Baetidae). These species were chosen due to their relative abundance in the samples and ease of 

identification.   

Edwardsina sp. (Diptera: Blephariceridae) 

 Blephariceridae, or net-winged midges, are highly adapted to fast flowing water as larvae 

due to their ventral suction cup-like structures which allow them to attach to rock surfaces in 

stream riffles. As dipterans, they have a holometabolous, or complete, life cycle which includes a 

pupal stage. The genus Edwardsina is found only in the Southern hemisphere, primarily in 

Australia and Patagonia. No life history data is available for the genus in southern South 

America, as studies of Blephariceridae on the continent have focused on taxonomy or 

morphology rather than phenology (Zwick 2006). Other blepharicerids in the Southern 

hemisphere have been shown to have either univoltine lifecycles, one generation per year, or 

multivoltine lifecycles, two or more generations per year (Craig 1966). These differences in 

lifecycles are due to variances in temperature and elevation, where high temperature and low 

elevation are each correlated to larger numbers of generations.  

Andesiops ardua (Ephemeroptera: Baetidae) 

 Ephemeropterans, or mayflies, are aquatic insects with hemimetabolous, or incomplete, 

lifecycles. Mayflies are a highly important food source for other organisms within aquatic food 
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webs, and can be used as indicators of water quality due to their association with unpolluted 

streams (Clifford 1982). The genus Andesiops is found only in South America and contains three 

species. Although the life history of Andesiops ardua has not been described, the congeneric A. 

torrens and A. pervuvianus were found to have univoltine lifecycles in high-elevation headwaters 

in Patagonian Argentina (Epele et at, 2011). 

Methods 

Sample Collection 

 Along the Robalo River, 5 sampling locations were selected ranging from 120 meters 

above sea level (m.a.s.l) to 587 m.a.s.l. Benthic samples were taken from each site during the 

summers of 2008, 2009, and 2010. One location at 120 m.a.s.l was designated a permanent 

sampling site and was sampled at two week intervals for 12 months starting August 2009.  For 

each sampling incident, three samples were taken from riffle habitats using a Surber sampler 

(0.09m2) with 243μm mesh. Samples were preserved in 70% ethanol. Water temperature was 

recorded at each sampling location with Hobo® data loggers (Model HOBO® U22 Water Temp 

Pro v2). Temperatures were recorded every 5 hours from January 2009 to January 2011. Benthic 

macroinvertebrates were sorted from the stream substrate in Chile and then transported to the 

University of North Texas where the macroinvertebrates were picked from any remaining 

sediment.  All sorting processes were accomplished using a dissecting microscope.  Once 

separated, specimens were identified and archived in the Elm Fork Natural Heritage Museum, 

EESAT Room 291. 

Determination of Cumulative Degree Days and Growing Degree Days 
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 Data from the Hobo® data loggers was used to calculate the average daily water 

temperature from each site. Cumulative Degree-Days (CDD) were calculated by summing the 

average daily temperatures of each site by month and year. Growing Degree-Days (GDD) of the 

insects were estimated by summing average daily temperatures from the date of a high 

proportion of early developmental stages to the date of a high proportion of late developmental 

stages.  

Determination of Developmental Stages and Voltinism of Edwardsina sp. 

 Head capsule lengths and widths were measured with a Tucsen® TCA5.0 camera 

mounted on an Olympus® SZH compound microscope coupled with TSView® image 

processing software. Larval instars were determined by plotting the size frequency distribution of 

head capsule width against head capsule length to obtain size ranges for instars I through IV 

(Mackay 1978). Distinguishing characteristics of each instar were also evaluated and used in the 

separation of instars.   

Determination of Developmental Stages and Voltinism of Andesiops ardua 

 Larvae were identified to species using the most recent revision of the genus (Nieto 

2004). Developmental stages were evaluated based on the relation of mesothoracic wing pad size 

to body length (Cianciara 1980). Developmental classes ranged from I, in which no wing pads 

are present, to V, in which wing pads are enlarged with darkened venation. Specimens were 

measured using the same materials as Edwardsina sp.. The dates of adult emergence were 

estimated based on the relative concentrations of developmental class V.  Life history diagrams 

based on developmental stages present were used to track the growth and development of 

subsequent generations and identify life history events. 
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Results 

Life History of Edwardsina sp. (Diptera: Blephariceridae) 

 The four larval instars were sorted based on the relation of head capsule width to length 

in 84 specimens (Figure 1). Late instars were primarily concentrated in April and May with some 

occurrence in October, while early instars were most abundant in December and February. 

Life History of Andesiops ardua (Ephemeroptera: Baetidae) 

 Five developmental classes were defined by observing the changes in wing pad formation 

among the 226 specimens, ranging from no wing pad development in class I to darkened wing 

pads in class V (Figure 2). Peaks of class I and II larvae were found in October and April, while 

corresponding peaks of class V larvae were found in February and July. Following these relative 

abundance patterns, two generations were estimated to occur (Figure 3). Growing degree days 

(GDD) were calculated using the cumulative degree days (CDD), or 2037 CDD (Contador 

2011). The generation lasting from October to February was calculated at 894.71 degree days, 

while the generation lasting from April to July was calculated at 490.169 degree days. 

Discussion 

Life History of Edwardsina sp. (Diptera: Blephariceridae) 

 It was not possible to estimate the growing degree days for Edwardsina sp Because of the 

low number of total larvae. However, the peaks in 4th instar larvae may allow us to gain some 

knowledge about the life history of this organism. In New Zealand, bivoltine Blepharicerids were 

found to emerge around April and November each year (Craig 1966). This could correspond to 
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the strong peak of late instars in April and the slight peak in October, possibly implying 

Edwardsina sp. is not univoltine. In the Northern hemisphere, univoltine Blepharicerids were 

found to have dormancies for up to four months in length, typically in the egg stage (Frutiger 

2002). This is unlikely to occur in the Sub-Antarctic due to the comparatively stable 

temperatures that allow for continuous growth in insect species (Convey 1996). Without the need 

for prolonged winter dormancy, Edwardsina sp. may not be expected to follow what was found 

of those in the Swiss Alps. A future study that specifically targets Blepharicerid habitats in the 

Robalo would be useful for follow-up. 

Life History of Andesiops ardua (Ephemeroptera: Baetidae) 

 The abundance patterns of the developmental classes of Andesiops ardua strongly 

suggest multiple generations per year. The majority of baetid species have been found to have 

multivoltine lifecycles (Clifford 1982), and our results fit with this. The abundance of late 

developmental stages in February suggest an emergence at that time, similar to what was found 

in the congeneric specimens of northern Patagonia (Epele et al. 2011). The Epele study recorded 

univoltine lifecycles, but these were heavily influenced by the 1237 m.a.s.l altitude of their study 

site and not likely to be found at our 120 m.a.s.l site. Patagonian mayflies of other families are 

recorded as being bivoltine, so multivoltinism does occur in the region (Hollmann 2006). The 

difference in GDD between the two generations of Andesiops ardua is likely caused by the gap 

in our data for the months of February and March. If the generation with July emergence is 

calculated to begin in mid February rather than April, when we expect to find an abundance of 

early instars, the GDD approaches that of the February emerging generation. This will be 

confirmed once the relevant samples arrive from Chile 
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 Andesiops ardua was observed at each station along the altitudinal gradient in the Robalo 

River. Although insect sampling occurred year round only at the 120 m.a.s.l station, temperature 

data was continuously recorded at all of them (Contador 2011). By applying the calculated 

894.71 GDD to the CDD from these sites, Andesiops ardua can be predicted to change from 

bivoltine at 120 m.a.s.l to semivoltine, meaning generations take more than one year to complete, 

at 486 m.a.s.l (501 CDD). In context of climate change, the increase of the average water 

temperature by just 1°C could greatly impact the emergence patterns of Andesiops ardua. This 

increase in temperature would result in organisms at the lower altitudes emerging roughly one to two 

months early, while organisms at the higher altitudes would switch from semivoltine to univoltine 

lifecycles. Because of this, the emergence patterns of Andesiops ardua may serve as an indicator for 

the impacts of climate change in the region.  
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Figure 1. Graph of head capsule height vs. width (mm) in Edwardsina sp. The 4 instars are 
labeled with their corresponding groupings. 

  

10 
 



 

I            II                   III                   IV                       V

Figure 2. Comparison of wing pad development and body size between the five instars of 
Andesiops ardua. I) No wing pad development. II) Clear wing pads not extending beyond 3rd 
thoracic segment. III) Wing pads with veins not extending beyond 1st abdominal segment. 
IV)Wing pads with veins extending beyond 1st abdominal segment but not beyond the 2nd 
abdominal segment. V) Typically with darkened wing pads, extending past 2nd abdominal 
segment. 
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Figure 3. The relative abundance of Andesiops ardua during a year long period. The thicker bars 
correspond to the proportion of each instar within a sampling date. The curved lines represent the 
two projected generations.  


