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Where have all the insects gone? 

Last year I was involved with a publication in New Zealand Entomologist 

that described a 17% decline in abundance and a 46% reduction in species 

richness of carabid ground beetles over a 30-year period (Bowie et al. 

2019).  The study compared results with an earlier survey by Mike Butcher 

& Rowan Emberson (1981) at Ahuriri Scenic Reserve, Banks Peninsula, 

and, as far as possible, replicated the initial study’s collecting methods. 

Bizarrely, given the recent media frenzy over global insect declines, the 

world’s press did not pick up on this clear evidence of an impending New 

Zealand insect apocalypse!  Surely, not another case of New Zealand being 

omitted from the world map? 

The recently-described insect apocalypse phenomenon has resulted in a 

glut of articles in the popular press and on social media, along with 

research papers, opinion pieces and editorials in the scientific literature 

(e.g. Hallmann et al. 2017; Saunders 2017; Vogel 2017; Leather 2018; 

Lister & Garcia 2018; Sánchez-Bayo and Wyckhuys 2019; Seibold et al. 

2019).  But, as Leather (2018) pointed out, papers describing reductions in 

insect populations are nothing new, and have appeared fairly regularly 

over the last 20 years or so (e.g. Conrad et al. 2006; Brooks et al. 2012; 

Dirzo et al. 2014; Goulson et al. 2015).  These reports, however, did not 

provoke the global media response that followed the papers by the likes of 

Hallmann et al. (2017), who reported a 75% decline in insect biomass in 
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German grasslands, and Lister & Garcia (2018), who described 60-fold 

reductions in arthropods collected in sticky traps in a Puerto Rican forest 

reserve.  Add to this the ‘systematic review’ by Sánchez-Bayo & 

Wyckhuys (2019), which suggested widespread declines across many 

insect taxa, and a prediction that 40% of all insect species would be extinct 

within a few decades, and it seemed that a world virtually free from 

insects, with the associated disappearance of vital ecosystem services such 

as pollination, nutrient recycling and biocontrol, was becoming more 

probable than plausible. 

 
www.govt.nz ? 

 

Very soon after the publication of the Hallman et al. (2017), Lister & 

Garcia (2018) and Sánchez-Bayo & Wyckhuys (2019) papers, critiques 

and counter-claims began to appear online and in scientific journals.  

Many highlighted that reports of insect proliferations were being 

overlooked (e.g. Shorthall et al. 2009; MacGregor et al. 2019) or the 

balance of the situation not being truly declared.  For example, although 

saddening declines in the UK’s butterfly and moth fauna have long been 
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reported (e.g. Conrad et al. 2006), recent reports suggest around a quarter 

of British moth and butterfly species are now increasing in range and/or 

abundance (Fox et al. 2014; Warren 2019).  It was also pointed out by 

several authors, and on social media, that the doom-laden review by 

Sánchez-Bayo & Wyckhuys (2019) was limited to papers found using the 

search terms [insect*] AND [declin*] AND [survey], naturally leading to a 

heavily biased impression towards negative trends (e.g. Cardoso et al. 

2019; Komenen et al. 2019; Thomas et al. 2019).  Other papers 

emphasized that the primary data being referred to often suffered from 

considerable geographic and habitat bias, and narrow taxonomic coverage, 

and that results obtained over short time and local spatial scales were being 

extrapolated rather too freely towards imminent worldwide insect 

decimation (Cardoso & Leather 2019; Thomas et al. 2019; Saunders et al. 

2020; Wagner 2020).   

 

The need for more data 

One theme that unifies many of these ‘insect-a-geddon’ discussion papers 

is the opinion there are currently insufficient long-term data for most insect 

groups, for most habitats, for most countries, to make any strong claims 

either way regarding a global reduction in insect fauna.  Wagner (2020) 

declares “It is difficult to judge what is more disconcerting - the magnitude 

and rates of the reported losses or the inadequacy of credible demographic 

data”.  The recently-formed EntoGem initiative (entogem.github.io) aims 

to address this issue by screening papers describing trends in insect 

abundance from all around the world and produce a ‘meta-resource’ for 

use by other researchers, conservationists and policy makers in the form of  

“a global evidence map of insect populations and biodiversity trends”.  

Comparisons of insect assemblages over substantial time scales, or even 

surveys performed over a full annual cycle, are not common in New 

Zealand.  Nevertheless, many insect surveys have been carried out over the 

years, and the data obtained would represent a valuable resource for 
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entomologists planning to re-survey these locations. Two articles in recent 

Society Newsletters (Barratt and Murray 2019; Murray and Barnsley 2019) 

described the creation and maintenance of a database holding information 

on existing New Zealand insect surveys, the New Zealand Insect Data 

Inventory” (NZIDI).  The aim would be to provide currently-active 

researchers  the ability to search the database to obtain lists of sites with 

background data, and then target these sites for repeat surveys to gain 

information on whether, and by how much, insect communities have 

changed in the intervening years (PMCSA 2019).   

 

What should we do? 

Outlines and ‘roadmaps’ describing minimum standards for future insect 

monitoring programs, both for providing baseline data and to examine 

temporal change, have appeared in several recent articles concerned with 

establishing the wider truth of the insect crisis (e.g. Cardoso & Leather 

2019; Montgomery et al. 2020; Harvey et al. 2020; Saunders et al. 2020). 

The EntoGEM website suggests that repeat studies might test for changes 

in the insect fauna at four levels: (1) species occurrence or abundance; (2) 

geographic range; (3) species richness or other diversity indices; (4) 

biomass.  Levels (1) and (2) might be more relevant to studies examining 

species of high conservation status, such as endangered species or species 

with high societal status, such as wētā and katipō in New Zealand.  Level 

(3) studies might be more relevant to researchers examining multi-species 

responses, community ecologists, or entomologists focusing on groups of 

well-studied indicator taxa such as carabid ground beetles, hoverflies and 

wild pollinators. Level (4) studies would require some form of mass 

sampling methods to be performed, such as suction trapping, Malaise or 

interception trapping.  I feel this level of study may not be so achievable in 

New Zealand, both because of a lack of historical insect biomass data and, 

possibly, a reticence by current entomologists to be involved with such 

mass trapping events (see Didham et al. 2019; Fisher & Larson 2019).  
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Suggestions of what might be reported, of both initial and repeat surveys, 

are summarized in Table 1.  Geographic data should include the site name 

and actual locations of trap(s) using GPS coordinates.  If multiple 

sampling locations are used, then the catches that were found in each 

location should be listed, so that if repeat surveys only use some of the 

prior locations then data can still be directly compared.   If there are 

different habitat types within the site, then the data for each habitat should 

be considered separately. 

The actual dates that sampling started and ceased allows calculation of 

sampling duration and complete emulation of the sampling period.  If a 

study encompasses an entire calendar year, then appendices or 

supplemental data should give details of what species were caught when, 

so, as above, if only a part of the previous survey can be repeated, data can 

be extracted for the same time period for comparison.  

The taxonomic focus of the surveys will likely depend on the interests and 

identification skills of the researchers performing the survey.  Lee et al. 

(2005) discussed the use of ‘taxon focussing’ where some groups of 

species act as indicators for the fauna as whole.  For example, carabid 

ground beetles, hoverflies and spiders have often been used as bio-

indicators of land “health’, and conservation and restoration success.  

These groups are diverse, occur in a variety of habitat types, and are 

generally well-treated in terms of identification guides and taxonomic 

keys. 

Collecting methods should be described in detail, along with collecting 

effort (e.g. actual numbers of pitfalls) and duration.  Although the same 

methods should be used for comparison, comparing temporal trends when 

using different collecting methods would also be of interest. The authors 

could also speculate on what has caused any changes in the observed 

insect fauna, and if any management or remedial action is planned.  

Recommendations to future researchers undertaking repeat surveys might 

indicate whether it would be better to focus sampling effort on a particular 

time of the year, or prevent wasted time and money by avoiding certain 
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collecting methods, or searching in the wrong place (e.g. Hodge & Vink 

2017).  Sampling effort could also be made more efficient by the 

production of species accumulation or rarefaction curves that indicate the 

sampling effort required to record the majority species in a collection 

(Tikoca et al. 2016). 

Clearly the results of these surveys need to be made available to other 

researchers, whether as part of an online data depository, or published in 

some form.  Once the furore around the insect apocalypse dies down, 

publishing papers that are basically lists of species may not appeal to many 

higher journals, especially without some rigorous data analysis and/ or the 

testing of explicit hypotheses.  In New Zealand, if the main entomological, 

zoological and ecological journals feel they cannot (continually) justify the 

publication of multiple papers providing basic survey results, then 

entomological newsletters and bulletins, such as this one, can surely find 

space to include site inventories, big or small (see Emmerson & Hoare 

2019). 

 

Who does all this? 

The remit for performing repeat surveys or obtaining baseline data could 

fall into the scope of many groups involved with entomological research.  

Indeed, the whys and wherefores of long-term biodiversity monitoring in 

New Zealand have already been discussed in some detail by Lee et al. 

(2005), who suggested that government agencies such as Department of 

Conservation, Landcare/Manaaki Whenua and Scion would (or should?) 

have the resources and capabilities to perform regular standardized insect 

collections. These organizations already have access to the required 

personnel and equipment, experience in performing insect surveys, and 

publishing results in scientific journals and reports. One hopes that these 

organisations have good chances of prolonged continuity, possibly using 

research sites already earmarked for long-term research.  



S Hodge                                                                                                      7 

 

Table 1. Items to report for standardised entomological surveys with a 

view to long-term monitoring 

Survey staff names  

 taxonomists/ identifiers  

 identification guides/ keys  

 voucher specimens deposited  

   

Geography site name  

 habitat type(s)  

 GPS coordinates (of traps)  

   

Time season  

 months  

 trapping dates  

   

Sampling method method name  

 details of method  

 sampling effort  

 - no of traps  

 - sample days  

 - sample duration  

 species accumulation curves  

   

What to measure presence  

 abundance  

 richness/ diversity  

 biomass  

 geographic range  

   

Which taxa all taxa  

 focussed indicator groups  

 rare / conservation spp  

   

What to report species list  

 abundances/ biomass  

 catch per time period  

 catch per area  
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Entomologists and ecologists at academic institutions will, of course, also 

have a part to play, both in providing baseline data and as agents for 

identifying, analysing and publishing data from targeted repeat surveys. It 

is not hard to envisage that Honours, Masters and PhD students could be 

‘guided’ towards re-examining previous survey results and then using the 

data obtained to form part of a dissertation or thesis.  Higher education 

institutes offer another valuable means of providing repeated survey data 

in the form of the annual entomological and/or ecological field trip.  Often 

these trips go to the same locations, at the same times of year, and follow a 

pre-ordained scheme of collecting and curation activities, and so could 

provide some excellent long-term data sets.  

Evidence is accumulating that citizen science surveys, even where 

volunteers are given just a basic level of training and using just 

presence/absence data, can provide similar ranking of sites as more 

complex surveys performed by professional biologists (e.g. Storey & 

Wright-Stow 2017; Pocock et al. 2018).  Similar to academic field trips, 

the regular ‘bioblitz’ surveys that now occur in New Zealand could 

produce substantial data sets, which can then be submitted to online 

biodiversity recording and mapping schemes such as iNaturalist 

(https://inaturalist.nz/).  Although data can be patchy, and often reflects the 

distribution and population density of observers as much as the distribution 

and abundance of the actual species, this platform is already able to 

produce species lists for given locations and, therefore, basal data for 

targeted collections (Jon Sullivan pers. comm.).  Similarly, data can be 

extracted that illustrates when species were last recorded in an area, which 

provides an indication of when local extinction may have occurred, and 

also some motivation for more focussed species searches. 

Who should fund such long-term monitoring is a moot point: 

entomological surveys involve many resources, including time, money, 

organization skills and, of course, access to some level of taxonomic 

expertise.  The recent article by Karlsson (2020) describing the vast 

Swedish Malaise Trap project gives detailed information on the 

requirements for training of personnel to collect, sort, curate and identify 

https://inaturalist.nz/
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the (millions of) specimens collected by these efforts, and points out that, 

so far, “the inventory has cost less than” US$3.1 million.  Compared to 

Western Europe, New Zealand’s entomological fauna is poorly known, 

with many museum specimens still lacking descriptions, and identification 

keys and field guides available only for some groups (although this 

situation is steadily improving).  Lester et al. (2014) highlighted a critical 

need for more entomological training in New Zealand, both for graduates 

considering an entomological career and for ‘amateur’ collectors and 

recorders who want to expand their identification skills.  Finding a suitable 

New Zealand funding body to front up with the equivalent of US$3.1 

million (about NZ 4.7 million) to cover the costs of employing, and 

training, taxonomists and other staff required for a national insect survey 

scheme may be ‘problematic’. 

 

“And finally….” 

As the time between surveys increases then the higher the value of the 

repeat data in terms of signifying long-term patterns (see Lee et al. 2005).  

But, with just two points on the graph, the trend is always going to be a 

straight line, and either go up or go down.  As many insect populations are 

prone to considerable fluctuations, regular, repeated surveys will, 

ultimately, provide better quality data for indicating real temporal shifts in 

insect communities. 

In 2032, 25 years after my colleagues’ collecting efforts in Ahuriri, and 55 

years after the initial survey by Mike Butcher and Rowan Emberson, I 

will, indeed, be 64: not sure if I’ll still be coping with the steep inclines, 

short sight, trashed joints, kink in the spine.  But if I can persuade my co-

authors to leave their warm offices and get their boots dirty, it would be 

nice to return to Ahuriri and see if the beetles are faring a little better.     
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