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Introduction 

Coccotrypes dactyliperda (Fabricius, 1801) is a cryptic spermatophagus beetle of the Curculionidae family 
(Coleoptera: Curculionidae: Scolytinae: Dryocoetini), with females measuring 1.9 to 2.2 mm in length and 
about 0.7 to 0.1 mm in width (Figure 1). The beetle, which has a convex appearance and is hairy across the 
dorsal surface, ranges in colour from reddish brown to almost black brown (ALA, 2018b; Schedl, 1961; 
Walker, 2006).  

The species was first described in 1801 by Johann Christian Fabricius as Bostrichus dactyliperda 
(Fabricius, 1801, p. 387). Following Fabricius, the species description was expanded by Letzner (1840) and 
Eichhoff (1879, p. 309). From the 1850s onwards Cooctrypes (Bostrichus) dactyliperda was widely reported to 
occur during autumn in large numbers in date seeds in the inventories of pharmacies and fruit shops, 
primarily in southern Europe but also in temperate zones, destroying, or at least spoiling the stock with its 
excrement (Imhoff, 1856, p. 17; Jäger, 1874b, p. 250; Nördlinger, 1855, p. 184; 1869, p. 233; Reitter, 1894, 
p. 89; Vérardi & Joly, 1852, p. 186). The general biology and ecology of the species have been reviewed 
elsewhere (Spennemann, 2019b).  

Initially distributed in the Middle East and North Africa as part of the date palm horticultural 
complex, the distribution range of the species has seen a remarkable increase during the nineteenth century, 
mainly due to the trade in dates as fruit for human consumption; the distribution of palm seeds (in particular 
Phoenix canariensis) for horticultural endeavours; and in the form of vegetable ivory for button manufacture. 
Today, C. dactyliperda has become a true cosmopolitan species that can be found in most subtropical and 
temperate zones (Spennemann, 2018a). 

The first formal observations of its breeding behaviour were made by Carl Wilhelm Letzner (1840), 
a teacher in Wrocław (Poland, then Breslau, Germany), who observed large quantities of beetles in single 
date seeds. As with other crypto-parasites, the entire life cycle of Coccotrypes dactyliperda occurs inside the seed 
(Blumberg & Kehat, 1982). After emergence from hibernation (see below), the first generation of female 
beetles to leave the brood chamber emerges during late June/early July (in the northern hemisphere) and 
attacks green drupes of the date palm (Phoenix dactylifera), causing the bulk of these to abscise one to two 
days later (Blumberg, 2008). The species also predates the seeds of fallen dates, often after the pericarp has 
been consumed by other animals, such as rodents. This continues until August, when a second generation 
emerges from the seeds. The rate of abscission varies, but when the infructescences are not protected from 
beetle attack by chemical or physical (bags) means, production losses usually range between 20 and 40% 
(Hussein, 1990; Kehat et al., 1976). 

Unmated Coccotrypes dactyliperda females are able to lay eggs that produce male offspring and then to 
mate with these to produce offspring of mixed sex (Gottlieb et al., 2009). Mated females start to lay eggs 
three days after inhabiting a new seed (Zchori-Fein et al., 2006).1 Depending on the size of the seed, multiple 
generations of beetles can hatch and reproduce inside the seed before emerging. A single date seed can 
concurrently house large numbers of eggs, larvae, pupae and imagines, with in excess of 80 individuals 
(females, males, pupae, larvae and ova) reported in the literature (Doumandji-Mitiche, 1977). Neither eggs 
nor larvae can survive if ejected from the brood gallery (Herfs, 1948, 1950). 

The development period of a full life cycle from egg to adult for females is temperature and humidity 
dependent and has been reported as ranging from 22.2 days (at 28°C) to 49 days (at 20°C) (Blumberg & 
Kehat, 1982; Herfs, 1959). During the winter period imagines of female Coccotrypes dactyliperda enter a 
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hibernation or dormancy period inside the seed in which they hatched. The commencement and termination 
of hibernation are linked to both temperature and photo-periods. Temperatures at or below 15ºC coupled 
with reduced photoperiods (short days) seem to initiate hibernation, while temperatures above 25ºC and 
longer photoperiods terminated hibernation (Boraei, 1994). 

Diet 

When the species was first described in 1801, Johann Christian Fabricius (1801, p. 387) noted it as inhabiting 
date seeds (‘habitat in dactylorum nucleis’). Consequently, Fabricius named the species ‘dactyliperda’ (the 
date destroyer).2 While the majority of early references refer to the occurrence of the beetle in date seeds, 
Ernst Gottfried Hornung (1842), a pharmacist in Aschersleben (Germany),3 was the first to document that 
the species also occurred in betel nuts (Areca catechu). Since then, Coccotrypes dactyliperda has been reported as 
breeding in a wide range of palm species, both ornamental and production palms (reviewed in Spennemann, 
2019b). 

The historic literature on the species suggest that the beetles may infest the seeds of a number of 
other species, such as almonds and olives (see p. 30 for references). Some of these had been experimentally 
assessed by Herfs (1948) and Boraei et al. (1994). Food preferences and acceptance does not seem to be 
universal however, as individual beetles seem to exhibit preferences. Boraei et al. (1994) as well as El-Barbary 
et al. (2002) could show for example that Coccotrypes dactyliperda appear to exhibit preferences between date 
varieties. It can be surmised that this may be caused by preferences for different phenolic compounds. 

Previous population studies focussed on edible dates (Phoenix dactylifera) (Boraei et al., 1994) and 
doum nuts (Hyphaene thebaica) (Boraei et al., 1994; Herfs, 1948; Rao & Janaki, 1953). To date, no studies have 
been carried out that examine the breeding pattern of the species in a major ornamental palm species such 
as the Canary Island date palm (Phoenix canariensis). In addition, there have been no investigations that focus 
on the species in the Australian context.  

This study will examine the breeding pattern of an Australian population of Coccotrypes dactyliperda as 
reared in P. canariensis. It will also examine the acceptance of a range of alternative food sources by Coccotrypes 
dactyliperda. 
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Figure 1. Coccotrypes dactyliperda. Total length ca 2mm.4 

 
 
 



General Methodology 

The experiment was carried out between 2 August and 20 November 2018. The basic methodology used 
for the experiment followed that of the preceding germination experiment of Phoenix canariensis 
(Spennemann & Pike, 2019) during which a mass emergence of Coccotrypes dactyliperda was observed 
(Spennemann et al., 2018). The experiment was set up in a climate controlled, window-less laboratory room 
of 2.6 x 2.8 m. Unless stated otherwise, all samples were contained in 180ml screw top jars, which were 
arranged in white plastic trays (Figure 5). These were exposed to a regime of 16 hours of simulated daylight 
(17:00–9:00) and 8 hours of darkness (9:00–17:00). Light was provided by three AquaOne® EcoGlo90 
LED lights, each set up centrally above a set of trays containing the jars (Figure 4). These lights primarily 
emit at the 430–490 nm spectrum (blue light) and 420–780nm spectrum (white light, peaks at 460nm and 
540–620nm). A stable ambient temperature, set at 28°C, was achieved by the room-specific air-conditioning 
system. Actual room temperatures were logged with a TinyTag Plus 2 TGP-4500 temperature and humidity 
logger.  

Origin of the beetles 

The Coccotrypes dactyliperda beetles used for the experiments discussed in this paper all come from a 
population that was collected from the lids and walls of the germination tubs of a Phoenix canariensis 
germination experiment, where they had been trapped in condensation droplets (see Spennemann et al., 
2018 for discussion). In total, 36 individuals formed the parent generation for all experiments reported in 
this study (see below). The P. canariensis seeds used in the germination experiment and from which the 
original beetle population emerged, all came from palm nº 5 of the drive way of ‘Glenalvon’ at Alma Park, 
NSW (Table 2)(Spennemann et al., 2018; Spennemann & Pike, 2019). 

Subsequent germination and breeding experiments (germination experiment #3) showed that 
Coccotrypes dactyliperda also emerged from seeds derived from additional palms in the same driveway (Table 
3). Given the close proximity of the ornamental palms to each other in the driveway, and given the ability 
of Coccotrypes dactyliperda to disperse over short distances by flight, this is not surprising. The palms in the 
driveway were all planted at the same time in the late 1940s or early 1950s (Spennemann, 2019a). In the 
wider area, there are additional occurrences of planted Phoenix canariensis palms at Alma Park Church (eight 
palms, 2.2km SSE); Kotzur Homestead (two palms, 2.6km SSE); and Luckdale homestead (one palm, 1.9km 
north-east)1. None of these exhibit evidence of infestation. In addition, there are bird- and fox-dispersed, 
self-seeded mature female plants in the vicinity, none of which show signs of infestation either. This suggests 
that adult dispersal of C. dactyliperda is comparatively short-range only. 

Experiments with similar sized bark beetles provide data that can inform on the flight capacity of 
Coccotrypes dactyliperda, as there are no biomechanical reasons that like-sized Scolytid beetles should perform 
in a substantively different way. Bark and ambrosia beetles fly at speeds less than 1m/sec (Menocal et al., 
2018). In laboratory experiments, for example, walnut twig beetles (Pityophthorus juglandis) flew on average 
158m (median), with maximum single flight of 1.2km. A maximum total flight distance of 3.6km in a 24hr 
period was observed (Kees et al., 2017). 

The origin of the beetles at Alma Park cannot be readily explained. Consequently, the original 
infestation of the palms by Coccotrypes dactyliperda must have occurred either at the nursery from which the 
palms were sourced or, at a later stage, at the drive-way itself.5 It is unlikely that the palms of the driveway 
would have been planted as mature trees. Rather they would have been planted as 2-3 year-old potted stock 
as was common in the trade at the time. Given the short life-span of the beetle (less than 150 days including 
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hibernation) and the duration of the palms to reach maturity (5-8 years), it is unlikely that they would have 
arrived concurrent with the initial planting event. This suggests an infestation at a later stage. Initially, the 
driveway was lined with palms on either side for the full length, with a total of about 80 palms. The majority 
of these were sold in the early 2000s to a Melbourne nursery (pers. comm. Anthony Lieschke, Oct 2018). It 
is highly speculative, but possible, that the truck that removed the palms may have carried affected palms 
before and that one or more infested seeds fell of the truck during the loading and removal at Alma Park. 

 
 

  

Figure 2. Aerial image of Alma Park showing the location the source 
palms. 

Figure 3. Aerial image of the Glenalvon 
driveway with identification numbers, sex and 

presence of Coccotrypes dactyliperda 
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Figure 4. Set up of samples in jars and trays. 

 

Figure 5. Set up of samples in jars and trays. Detail. 
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Experiment Phase I 

At the termination of the seed germination experiment on 2 August 2018 (Spennemann & Pike, 2019), 
Coccotrypes dactyliperda were collected from the lids and walls of the germination tubs, where there had been 
trapped in condensation droplets (see Spennemann et al., 2018 for discussion). Twelve individuals could be 
collected at 11:00, with another 22 collected at 17:00. Each beetle was dropped into a 180ml plastic container 
with screw lid and provided with a food source (Table 1). These 34 beetles form the parent generation for 
all subsequent experiments. 

Experiment A comprised of seeds that had been collected under a Phoenix canariensis at 708 Forrest 
Hill Avenue, Albury (co-ordsinates-36.074178, 146.90712) (see Spennemann, 2019c for background). These 
seeds had been carefully inspected for evidence of infestation. Experiment B comprised of fresh drupes 
from an infructescence of the same palm, which had been found on the ground, freshly abscised by 
Currawongs (Strepera graculina). In the third experiment (C) the beetles were offered one seed and one fresh 
drupe. Experiments A and B had 10 replicates, while experiment C had 14. 

 

Figure 6. Infructescence of a Phoenix canariensis serving as fresh drupe sample. 

Experiment Phase II 

The beetles that emerged from the phase I experiments (A, B and C) were moved to new samples (D–Z) 
as they emerged (see Table 1). On occasion, surplus beetles were temporarily (1–3 days) housed in a sample 
jar provided with sheets of lasagne pasta (see p. 30) as a maintenance diet. In consequence of the differential 
availability of beetles, the commencement dates for the experiments of phase II are rolling dates. This phase 
aimed at examining food preferences and uptake of different combinations. It expanded on Phase I by 
adding food choice variables and by experimenting with vegetable ivory (tagua) buttons as well as sweet 
dates (Phoenix dactylifera), Mexican fan palms (Washingtonia robusta), chestnuts (Castanea sativa), almonds 
(Prunus dulcis), hazelnuts (Corylus avellana), and walnuts (Juglans regia). 

Once beetles started to emerge from the phase II samples, they were relocated to sample repeats (in 
cases where the food had been rejected) with a maximum of two repeats or to other experiments. Once 
these were completed, emerging beetles were counted on a daily basis and used for other experiments (e.g. 
Spennemann, 2019d, in press, subm.). Initially, surplus beetles were euthanized in 90% alcohol but this was 
suspended when the demand for live beetles increased once ancillary research questions were framed, such 
as resilience of breeding beetles (in the seeds) against insecticides (Spennemann et al., 2018), sub-zero 
temperatures (Spennemann, 2019d), simulated ingestion by animals and passage through the gastro-
intestinal tract (Spennemann, subm.) and exposure to excreta (Spennemann, in press). A special breeding 
box was created,6 where beetles were allowed to breed freely in a high humidity environment. Some of the 
seeds from a late phase germination experiment (p. 9) were also transferred to the breed box. This box also 
allowed the insertion of some iterations of food choice experiments, where each experiment was contained 
in a small plastic container with its opening covered with 30 Dernier nylon mesh. 

Beetle emergence dropped significantly by mid-October. The entire experimental series was formally 
terminated on 20 November 2018. All remaining samples, including the breeding box, were placed in a 
freezer for 5 days at -15°C. 

50 mm
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Table 1. Overview of the experiments conducted between 2 August and 20 November 2018.  
The total number of beetles expose (n) includes repeats and mass experiments where applicable. 

Experi-    starting 
ment food sample combination n date 
A Phoenix canariensis seed  10 2 Aug 
B P. canariensis drupe  10 2 Aug 
C P. canariensis seed & drupe 14 2 Aug 
D P. canariensis seed (old), seed (fresh), drupe 10 23 Aug 
E tagua small and large vintage tagua button 4 25 Aug 
F tagua large vintage tagua button 7 25 Aug 
G P. canariensis & tagua seed (old) and large vintage tagua button 9 25 Aug 
H tagua large vintage tagua button 12 25 Aug 
I P. canariensis & tagua seed (old) and large vintage tagua button 8 25 Aug 
J P. dactylifera Mejdool seed cleaned 22 13 Sep 
K P. dactylifera Mejdool seed cleaned, extracted seed, sweet date 10 26 Aug 
L P. dactylifera Mejdool seed extracted, sweet date 9 27 Aug 
M P. dactylifera & P. canariensis Mejdool sweet date, PC fresh drupe 12 28 Sep 
N Castanea sativa chestnut (edible) 28 28 Sep 
O P. dactylifera Mejdool dried date only 22 29 Aug 
P P. dactylifera & P. canariensis Mejdool seed cleaned, PC seed (fresh, cleaned) 10 29 Aug 
Q tagua vintage tagua button soaked for 48 hrs 37 31 Aug 
R tagua fresh button blank, raw button, dyed button 30 5 Sep 
  —, mass exposure to 30 beetles 3 27 Sep 
  —, samples soaked for 26hrs 5 28 Sep 
S tagua raw button, dyed button 30 5 Sep 
T tagua fresh button blank, raw button 30 5 Sep 
U tagua fresh button blank 30 6 Sep 
V tagua dyed button 30 7 Sep 
W Prunus dulcis almond in the shell 30 12 Sep 
X P. dulcis & tagua almond in the shell, fresh button blank 30 12 Sep 
Y P. dulcis almond in the shell, shelled almond 30 13 Sep 
Z Prunus dulcis almond in the shell (3 varieties) 20 19 Sep 
  —, mass exposure to 30 beetles 3 varieties) 30 26 Sep 
AA Syagrus romanzoffiana seeds (old) 30 15 Sep 
AB Syagrus romanzoffiana 

& P. canariensis 
seeds (old) 16 16 Sep 

AC tagua section of nut with rind 10 19 Sep 
AD Syagrus romanzoffiana seeds (old) soaked for 48hrs 10 24 Sep 
AE Juglans regia walnut in shell 32 6 Oct 
AF Washingtonia robusta 3 seeds per sample 30 9 Oct 
AG Corylus avellana hazelnut in the shell 10 10 Oct 
  —, mass exposure, 10 beetles to a nut (ex AG7) 10 28 Oct 
  —, mass exposure, 10 beetles to a nut (new nuts) 40 9 Nov  
AH Washingtonia robusta mass exposure, 30 beetles to 30 seeds (soaked for 48 

hrs)  
30 12 Oct 

AI Vicia faba broad beans, mass exposure 10 beetles to 10 beans, 
single container 

10 3 Nov 

  —, mass exposure 30 beetles to 10 beans 30 7 Nov 
AJ Bertholletia excelsa Brazil nuts in shell 10 beetles to 1 nut 100 9 Nov 
 pasta lasagna pasta sheets 2 26 Aug 
 rice Arborio risotto rice 3  

 



Assessment of Food Choices 

Coccotrypes dactyliperda has been recorded as breeding in Phoenix canariensis in South American settings in 
Florida (Atkinson et al., 1991), the Northern Baja California, (Horn, 1897) and Southern California 
(Holzman et al., 2009; Seybold et al., 2016; Van Dyke, 1927), the Baja California del Sur (Romero, 2017, p. 
46f) and other parts of Mexico (Atkinson & Martínez, 1985), as well as Chile (Kirkendall, 2018); in North 
Africa and Middle Est it is reported in P. canariensis from Algeria (Rivière & Lecq, 1900, p. 846), Israel 
(Avidov & Harpaz, 1969, p. 306) and Tunisia (Bureau of Entomology and Plant Quarantine, 1932, p. 364); 
while in Europe it has affected Canary Island Date Palms in Italy (Buchner, 1961; Longo et al., 1991), various 
parts of France (as P. tenuis, Balachowsky, 1949, p. 182f; Bureau of Entomology and Plant Quarantine, 
1935, p. 28; de Boissy, 1921), especially on the Mediterranean Coast (Noblecourt, 2004; Ponel & Lemaire, 
2012) as well as Monaco (Ponel et al., 2011), Mallorca (Spain) (Bathon, 2007); and Malta (Mifsud & Knížek, 
2009). Intriguingly, it is also found naturalised in Phoenix canariensis in Hungary (György & Podlussány, 2005). 
In Australasia it is reported in P. canariensis in Auckland (New Zealand) (Brockerhoff et al., 2003) as well as 
in Australia (Spennemann et al., 2018).1 

Previous Observations 

Prior to this study, there were no formal assessments of the performance of Coccotrypes dactyliperda as bred in 
Phoenix canariensis seeds. The initial emergence of Coccotrypes dactyliperda in the germination experiment came 
as a surprise (Spennemann et al., 2018). As noted in that report, in retrospect the appearance of frass should 
have indicated the presence of the beetles, but at the time this was (mis-)interpreted as a form of mould, 
and therefore its relevance went unnoticed. 

Additional observations could be made during a third, systematic germination experiment designed 
to assess the viability of Phoenix canariensis seeds of different ages and preservation stages (Spennemann & 
Pike, 2019). That experiment was carried out concurrently with the feeding experiment reported here. In 
that experiment, groups of 20 seeds each were incubated in a plastic fast-food container between sheets of 
moistened kitchen tissue.7 In total, 1902 seeds from 11 palms were subjected to the germination experiment, 
as well as one sample of 33 seeds derived from currawong pellets. In this experiment, however, the presence 
of frass and beetles was noted (Table 3) and the adult beetles extracted. 

Setting aside a small number of beetles that had been noted (and extracted) at one week, the first 
number of beetles emerged between two and three weeks after commencement (and were counted 21 days, 
Table 3). Large quantities were noted at 28 and 35 days. The emergent beetles were used in the present 
experiments, e.g. to assess the ability of Coccotrypes dactyliperda to withstand sub-zero temperatures 
(Spennemann, 2019d). Those beetles that were not used in experiments were euthanized in 90% alcohol. 

 
  

 
1 . In addition, there are reports of the palm seed borer Coccotrypes carpophagus Hornung 1842. This species is on record for palms 

at Yanco (NSW) (Stevens, 2012). See also (ALA, 2018a). 
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Table 2. Frass noted on Phoenix canariensis seeds in germination experiment #2 (at first inspection after two weeks). 
Sample Sample Code Untreated Soaked 24hrs 
Alma Park Church    
Currawong regurgitated APS 25 — — 
Currawong regurgitated, dark seeds (old) APS 27 back — — 
Currawong regurgitated, light seeds (recent) APS 27 clean — — 
Alma Park ‘Glenalvon’ palm nº L15    
fresh drupes, defleshed, Khalal stage ATF 1 lots lots 
fresh drupes, defleshed, Rutab stage ATF 2 lots lots 
grab sample under palm, light seeds (recent) AGR 1 little some 
grab sample under palm, Rutab stage AGR 2 some some 
grab sample under palm, dark seeds (old) AGR 3 little some 

 
 

Table 3. Number of adult beetles noted (and extracted) per week (absolute number). 

 at 2 weeks at 3 weeks at 4 weeks at 5 weeks 

Sample 
Brown 
drupe 

Clean 
seeds 

Black 
seeds 

Brown 
drupe 

Clean 
seeds 

Black 
seeds 

Brown 
drupe 

Clean 
seeds 

Black 
seeds 

Brown 
drupe 

Clean 
seeds 

Black 
seeds 

L1 — — — 1 — — 10 — 12 10 — 9 
L3 —  — 7  — 15  — 6  8 
L5 — — — 7 — — 140 — — 105 — — 
L7 — — — — — — 20 — — 16 — — 
L8 — — — — — — — — — 21 — — 
L9 — — — — — — — 10 — — 13 — 
L12  — —  — —  — —  — — 
L13 — — — 12 — — 307 54 — 232 33 — 
L15 — —   4 8  454 167  701 328  
L17 — — — 26 6 — 416 198 — 404 136 — 
D14  —   —   —   —  

 
 
Table 4. Percentage of Phoenix canariensis seeds in germination experiment #3 affected by Coccotrypes dactyliperda after two 

weeks of germination as evidenced by presence of frass (in percent of sample) and the number adult beetles noted per week 
(absolute number). 

 
Total Sample 

of seeds 
total number of beetles 

encountered 
evidence of frass  

at 2 weeks 

beetles per seed 
showing frass at two 

weeks 

Sample 
Brown 
drupe  

Clean 
seeds 

Black 
seeds 

Brown 
drupe  

Clean 
seeds 

Black 
seeds 

Brown 
drupe  

Clean 
seeds 

Black 
seeds 

Brown 
drupe  

Clean 
seeds 

Black 
seeds 

L1 12 60 120 21 — 21 8.3 0.0 0.2 21 — 21 
L3 22  101 28 — 8 9.1  0.0 14 — — 
L5 100 40 60 252 — — 12.0 0.0 0.0 21 — — 
L7 94 40 80 36 — — 4.3 5.0 0.0 9 — — 
L8 37 36 100 21 — — 2.7 0.0 0.0 21 — — 
L9 50 95 80 — 23 — 0.0 5.3 0.0 — 5 — 
L12  50 120  — —  0.0 0.0   — — 
L13 60 31 100 551 87 — 46.7 19.4 0.0 20 15 — 
L15 40 20  1,163 503  27.5 0.0  106 *   
L17 98 100 20 849 340 — 18.4 34.0 0.0 47 10 — 
D14 23 113   —   0.0   —  
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Food preference experiments  

Coccotrypes dactyliperda were collected from the lids and walls of the germination tubs, where there had been 
trapped in condensation droplets (see Spennemann et al., 2018 for discussion). Twelve individuals could be 
collected at 11:00, with another 22 collected at 17:00. Each beetle was dropped into a 180ml plastic container 
with screw lid and provided with a food source. 

All of the six individual beetles that had been provided with a seed at 11:00 had burrowed into that 
seed by 17:00, whereas none of the six individuals that had been given a fresh drupe had done so. At the 
next assessment on 4 August at 9am (i.e. 40 hours after final set up), all individuals in sample A had burrowed 
into the seed, while only eight of the ten individuals in sample B had done so. Of these, six had burrowed 
into the side of the drupe and two into the funicle (Figure 7). All fourteen of the individuals in sample C 
(choice of seed or drupe) had burrowed into the seed rather than the drupe. The drupe was removed at that 
stage. 

At the next assessment (6 August at 9am), neither of the two remaining individuals of sample B had 
burrowed into their drupe. One of these was dead. The other was given the de-fleshed seed of the rejected 
drupe but failed to burrow in and died by 10 August. All sample containers were given 2ml of tap water and 
the lids replaced. Thus the viable parent generation comprised 32 beetles.  

Eventually, beetles emerged from 16 samples (50%): 4 seeds each from samples A (32 offspring), 
four drupes from sample B (186 offspring) and 8 seeds from sample C (215 offspring). Emergence Times 
and the size of brood are discussed below (p.32 ). 

 

 

Figure 7. Drupes of Phoenix canariensis perforated by Coccotrypes dactyliperda. 

Experiment D comprised of a similar set-up as experiment C (old seed and fresh drupe), but with 
the provision of an additional seed that had been extracted from a fresh drupe. Ten replicates were used. 
The beetles preferred dry, old seeds (6) over freshly extracted seeds (3), with one beetle burrowing into the 
fresh drupe (Figure 9). Of these, seven produced offspring. 

Experiments A–D demonstrate that Coccotrypes dactyliperda will attack both fresh Phoenix canariensis 
drupes as well as de-fleshed seeds. Given a choice, seeds were preferred over fresh drupes, with older seeds 
preferred over freshly extracted ones. 
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Figure 8. Coccotrypes dactyliperda examining a Phoenix canariensis drupe (left: D7; right: D4) 10 minutes after rehousing. 

 

Figure 9. Coccotrypes dactyliperda tunnelling into a freshly extracted Phoenix canariensis seed (left: D7) and drupe (right: 
D4), 9.5 hours after rehousing. 

 

Figure 10. Coccotrypes dactyliperda tunnel in Phoenix canariensis seed 16 hours after rehousing (D6). The pin demarcates 
that the seed was a fresh seed. 
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  a 

  b 

  c 

  d 
Figure 11. Examples of incipient tunnelling by Coccotrypes dactyliperda into Phoenix canariensis seeds (Spennemann, 

2019d). 
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C1 

 

C2 

 

C11 

 

C12 

Figure 12. Extent of consumption at abandonment or death of beetle. 

 
 

  

Figure 13. Largely eaten-out Phoenix canariensis seed (AB5). 
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Phoenix dactylifera 

Based on sub-fossil evidence obtained from archaeological sites, the origin of Coccotrypes dactyliperda lies 
somewhere in the Middle East. Carbonised or otherwise preserved subfossil remains of Coccotrypes dactyliperda 
have been recovered from Oman (Costantini & Audisio, 2000), Egypt (Panagiotakopulu, 2001), and Israel 
(Kislev, 1992; Simchoni & Kislev, 2009). 

Coccotrypes dactyliperda is a major pest in Phoenix dactylifera plantations in the Middle East and Northern 
Africa (Abd-Allah & Tadros, 1994; Anber et al., 1998; Boraei, 1994; Boraei et al., 1994; Donia et al., 2002; 
El-Sufty & Helal, 1998; Helal, 2014; Mourad, 1996; Spennemann, 2018a, 2019b). 

Experiments carried out 

As fresh, unprocessed dates could not be obtained, all experiments had to rely on dried dates sold in retail 
stores. Experiment K, using commercially acquired dried Mejdool dates,8 tested a triple food choice, 
comprised of a full dried date, an extracted stone (which exhibited minor sticky flesh remains) and an 
extracted stone that had been cleaned of the adhering pericarp and washed with detergent (ten replicates). 
In all ten cases, the cleaned seed was accepted. The experiment was then continued (experiment L, ten 
replicates) where the beetles were offered the full dried date and the extracted, uncleaned stone. In all ten 
cases, the seed was accepted. In a final set of experiments, the beetles were offered only one item, either a 
dried date (experiment O) or a date stone that had been extracted from a dried date and cleaned of the 
adhering pericarp (experiment J). In six instances of experiment O the date was accepted (in two instances 
only after one repeat), while in four cases the date was refused (even though it had been replaced by fresh 
ones). This is equivalent to an overall acceptance rate of 27.3%. The predation of the date occurred primarily 
at the proximal (funicle ) end (Figure 15; Figure 17). Experiment J proved to be more complex. Only one 
seed was accepted immediately, with six seeds accepted at the first repeat. The remaining three seeds were 
also refused at the second repeat.  

 

Figure 14. Phoenix dactylifera seed and galleries (O3) 

To assess food preferences, the beetles were offered a full dried date as well as a fresh P. canariensis 
drupe (experiment M, ten replicates). In nine cases the P. canariensis drupe was preferred, with one drupe 
being rejected twice. 

When beetles were offered extracted date stones that had been cleaned off the adhering pericarp as 
well as Phoenix canariensis seeds extracted from drupes (experiment P, ten replicates), the beetles preferred P. 
canariensis in eight cases and date stones in two (no repeats). 

5 mm
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Figure 15. Mejdool date opened up to expose the date stone. Note the predation hole as well as the frass contaminating the 
flesh of the date (sample O3) 

 

Figure 16. Frass spoiling a dried date. Note the blocking beetle in the tunnel entrance (O2). 
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Figure 17. Mejdool date. Note the predation holes caused by both ingress and egress (sample O10) 

 
Figure 18. Penetration of a dried date (opened up for assessment) Note the dead beetle (O6). 

 
Figure 19. Exit hole on the recto side of a Phoenix dactylifera seed (O3). Note the blocking beetle. 
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Figure 20. Exit hole on the verso side of a Phoenix dactylifera seed (O3). The initial penetration hole is at the top.  

Note the blocking beetle.  

Queen Palm (Syagrus romanzoffiana) 

Given that reports that Queen Palms (Syagrus romanzoffiana) are a common ornamental plant in suburban 
gardens in Australia, three experiments were set up to assess the acceptance of S. romanzoffiana by itself 
(experiments AA, AD) and whether S. romanzoffiana were favoured over Phoenix canariensis (experiment AB). 
The seeds were collected under a mature S. romanzoffiana in Albury (co-ords -36.069582, 146.937735). 

Experiments carried out  

Although the beetles carefully inspected and occasionally even tunnelled into S. romanzoffiana (Figure 21), all 
seeds were eventually rejected (experiment AA; n=30; [as three replicates of 10]). To assess whether the 
moisture content was the determining factor, additional seeds were collected under another Syagrus palm 
(co-ords -36.058908, 146.918862) and soaked in tap water for 48 hours (experiment AD). All were rejected. 
The food preference experiment (AB) showed that dry S. romanzoffiana seeds were uniformly rejected. In 
the initial instance, four P. canariensis seeds were also rejected, two of which were taken in the first repeat, 
with two refused even after the second repeat, resulting, overall, in a 100% rejection rate of S. romanzoffiana 
and a 50% acceptance rate of P. canariensis. 
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Figure 21. Coccotrypes dactyliperda persistently tunnelling into a Syagrus seed and then abandoning the attempt after 20 
minutes (AA2). 
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Mexican Fan Palm (Washingtonia robusta) 

Fan palms of the genus Washingtonia have occasionally been reported as hosts, even though their seeds are 
very small (5–8mm long, 4–6mm thick, Spennemann, 2018b). Coccotrypes dactyliperda are on record as infesting 
Washingtonia filifera at Manoa on Oahu (Hawai’i) (Swezey, 1928) and Washingtonia sonorae in Indonesia 
(Kalshoven, 1958, p. 179). 

Experiments carried out  

To assess the willingness of Coccotrypes dactyliperda to drill into Washingtonia, ten samples of three beetles were 
each placed into a 10ml plastic vial that contained three Washingtonia robusta seeds (experiment AF).9 These 
were checked on a daily basis to assess the level of acceptance. Tunnelled seeds (Figure 22) were extracted 
and housed separately in a 25 ml vial to assess breeding success and size of brood.10 The first beetle had 
burrowed into a seed some 18 hours later,11 but had abandoned it after another 24hours. A second beetle 
had tunnelled into a seed after 36 hours but abandoned it again 24 hours later. None of the other seeds were 
accepted. After four days the majority of beetles were dead. After six days all of the beetles were dead. 
 

 

Figure 22. Washingtonia robusta tunnelled (AF7a). 

 

Figure 23. Penetration of a Washingtonia seed by two beetles in the same tunnel, which subsequently abandoned the seed 
(sample AH26) 
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To assess whether the moisture content of the seeds influenced the uptake, 30 Washingtonia robusta 
seeds were soaked for 48 hours in tap water and offered as a mass experiment to 30 Coccotrypes dactyliperda 
placed in a 180ml jar (experiment AH). After 47 hours, nine of the seeds had been accepted (Figure 22).12 
These were then relocated into single vials. Acceptance continued over the following days. In total 22 of 
the 30 beetles began tunnelling, but none commenced oviposition. 

Tagua Buttons 

During the first part of the twentieth century, Coccotrypes dactyliperda was widely dispersed in buttons made 
from ‘vegetable ivory’ (‘tagua’) from Phytelephas spp. palms, primarily Phytelephas macrocarpa. Infested buttons, 
primarily manufactured in Ecuador, have been reported from the USA (Bureau of Entomology and Plant 
Quarantine, 1948, p. 37) and Hamburg (Germany) (Hagedorn, 1904; Schedl, 1972). 

Coccotrypes dactyliperda had been introduced to Australia in button imports since at least the mid-1930s 
as there are reports of borers in 1933 destroying ivory-nut buttons in Sydney (Anonymous, 1933). 

Experiments with antique tagua buttons 

The vegetable ivory (tagua) buttons used for the experiment were acquired at an Albury opportunity shop, 
as well as sourced from a Tasmanian seller via eBay. All specimens are vintage buttons that date to the pre 
1945 era. The species from which the buttons were manufactured could not be ascertained macroscopically. 
Given the size it is assumed that they were Phytelephas spp. palms, primarily Phytelephas macrocarpa, from 
Ecuador and Colombia, although it is possible that some were made from dum seeds (Hyphene thebaica) 
grown in Northern Africa. 

Herfs (1950) conducted extensive experiments with dum nut buttons and observed that the buttons 
were usually accepted after one to two days. The penetration of the buttons took about 24hours, after which 
the beetle had fully disappeared.  

Dry buttons 
Experiments F and G tested the food preferences and uptake of large tagua buttons (n=9, Figure 25). 
Experiment F operated as a control to verify that beetles would accept the buttons if they were the sole 
food source. In all cases the button was rejected. In sample set G (n=9) beetles were offered both a tagua 
button and a PC seed that had been collected off the ground. In all cases beetle preferred the seed. Given 
the fact that all large buttons were rejected, the buttons were soaked for 48 hours in tap water and then 
reintroduced as experiment Q (see below). 

Experiments H and I also tested the food preferences and uptake oftagua buttons using seven button 
pairs (Figure 26; Table 8). In sample set I beetles were offered both a tagua button and a PC seed that had 
been collected off the ground. In six instances the button was rejected but the seed accepted. In one instance 
the both the button and seed were rejected twice, with the seed tunnelled into at the second iteration. 
Experiment H functioned as a control to verify whether beetles would accept the buttons if they were the 
sole food source. The buttons were rejected in all instances (n=12).  

Experiment E consisted of pairs of a larger and a smaller tagua button, but the buttons were of 
different kinds and colours (Figure 24, Table 5). The combinations are set out in Table 6. All dry buttons 
were refused. Given that none of the dry vintage buttons used in experiments F to I had been accepted, 
there was little sense in continuing additional iterations of experiment E. 
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Table 5. Dimensions and weights of buttons used in experiment E (Figure 24). 
 Dimensions (mm)  
Button  Diameter Thickness Weight (g) 
I 28.00 5.01 1.53 
II 28.57 3.96 2.74 
III 25.45 5.44 2.46 
IV 25.69 5.03 2.45 
V 26.18 3.25 2.16 
VI 22.89 5.06 1.68 
VII 31.43 5.01 3.64 
VIII 25.84 4.99 2.84 
IX 27.98 5.58 2.78 
X 25.15 5.54 2.23 
XI 21.94 4.88 1.87 
XII 23.08 3.85 1.65 
XIII 22.72 4.99 2.12 
XIV 22.81 4.73 2.03 
XV 22.62 5.13 3.04 

 
Table 6. Sample composition of experiment E. 

Sample  button combination attacked 
E1 I XV none 
E2 II XIV none 
E3 VIII XII none 
E4 Ha Hb none 

 
 

Table 7. Dimensions and weights of buttons used in experiments F, G and Q. 
 Dimensions (mm)   
Series  Diameter Thickness Weight (g) n 
F 26.00 6.13 2.53 4 
G 25.90 6.02 2.50 5 
F + G 25.94 6.07 2.51 9 
Q 28.06 6.87 3.23 9 

 
 

Table 8. Dimensions and weights of button pairs used in experiments H and I (Figure 26a–d). 
 Experiment H Experiment I 
Pair  Diameter Thickness Weight Diameter Thickness Weight 
a 27.2 4.4 3.1 27.2 4.6 2.1 
b 21.8 4.8 2.1 21.4 4.7 2.0 
c 21.6 5.5 2.0 21.3 4.6 2.1 
d 25.3 5.4 2.3 24.6 5.3 2.3 
f 23.1 4.9  23.1 4.8  

 
 

Table 9. Dimensions and weights of button pairs used in experiments Q (Figure 26b–c). 
 Pre Soaking Post Soaking 
unit Diameter Thickness Weight Diameter Thickness Weight 
b (I) 21.3 4.6 2.1 23.3 5.0 2.6 
c (I) 21.4 4.7 2.0 23.1 5.5 2.5 
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Figure 24. Types of vintage tagua buttons sources for experiment E 

 

 

Figure 25. Vintage tagua buttons used for experiments F, G and Q. 
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Figure 26. Vintage tagua buttons used for experiments H and I. 

 

Figure 27. Coccotrypes dactyliperda exploring a vintage tagua button (F1). 

 

Figure 28. Coccotrypes dactyliperda exploring a vintage tagua button (H1). 
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Soaked buttons 
As the hardness of the vintage buttons is determined by their moisture content, buttons were immersed in 
tap water for 48 hours, causing them to well considerably (Figure 29). A series of seventeen buttons was 
used. Thirteen large tagua button were soaked for 48 hours (Q1–Q13) while four buttons were soaked for 
19 hours (Q14–Q17). 

While in seven instances the soaked button was accepted and tunnelling commenced, the button was 
refused in 30 cases (including repeats). In some instances the beetle had begun to tunnel into the button but 
then abandoned the effort (Figure 30–Figure 33). 

 

Figure 29. Vintage tagua button in a dry state (controls) (top) and after 48 hours soaking in water (bottom). 

  

Figure 30. Coccotrypes dactyliperda tunnelling into a vintage vegetable ivory (tagua) button that had been soaked for 48 
hours (experiment Q12). The beetle did not breed. 

10 mm
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Figure 31. Coccotrypes dactyliperda tunnelling into a vintage vegetable ivory (tagua) button that had been soaked for 48 
hours (experiment Q13). The beetle did not breed. 

 

Figure 32. Coccotrypes dactyliperda tunnelling into a vintage vegetable ivory (tagua) button that had been soaked for 19 
hours (experiment Q17). The beetle did not breed. 

 

Figure 33. Coccotrypes dactyliperda tunnelling into a vintage vegetable ivory (tagua) button that had been soaked for 19 
hours (experiment Q17). The beetle did not breed. 
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Experiments with modern tagua buttons 

To assess whether older buttons lose attractiveness, either due to loss of phenolic oils or due to dryness, 
modern tagua (corozo) buttons were obtained from a button manufacturer in Hong Kong. The 
manufacturer (Yee Fung Hong Ltd, Hong Kong) sourced its blanks for the buttons from Tafino SA (Manta, 
Ecuador), who in turn was supplied by independent Ecuadorian producers. The button manufacturer 
shaped the buttons from the blanks on an automated lathe. The raw buttons were then tumbled in water 
with polishing materials, boiled to remove excess fats, dyed and repolished with wax if the design required 
it (Chiu, 2018). The Hong Kong manufacturer supplied offcuts, blanks, raw buttons as well as a sample of 
degreased final products for analysis (Figure 34). 

A series of experiments was designed to test various combinations of button production stages by 
themselves, as well as in terms of preferences (experiments R–V, AC Table 10). All samples were rejected. 
Herfs (1950), conducting extensive experiments with dum nut buttons, had observed that the beetles had 
difficulty tunnelling into polished or generally smooth buttons. Penetration occurred in the buttonholes or 
where the button touched a rough surface. Herfs surmised that smooth or polished surfaces did not provide 
the beetle with enough traction. To offset this and to provide the beetles with traction, experiments R to V 
were modified for the second cohort of beetles (first repeat). A small sheet of 80 grit sandpaper (Flexovit 
FL294P) was placed on the bottom of the horizontally placed sample jar (Figure 39). Again, all samples 
were rejected. Before the second repeat, all buttons were placed loose in a washing bag and washed with 
laundry detergent in a commercial washing machine at 40°C to remove human oils and pheromones. In 
experiments R, S, T and V the samples were rejected again in all instances. In some instances tunnelling 
occurred followed by subsequent abandonment or death (Figure 40). At the last iteration, fresh button 
blanks were accepted in three instances, but no oviposition occurred (Figure 38). 

Table 10. Treatment of the modern tagua samples 
Sample Composition Initial Repeat #1 Repeat #2 
R fresh button blank, raw button, dyed button no treatment  sandpaper  washed, sandpaper  
Rm fresh button blank, raw button, dyed button 

washed, sandpaper base, mass exposure (30) 
1-3 no treatment 
4–8 26hrs soak 

— washed, sandpaper  

S raw button, dyed button no treatment sandpaper  washed, sandpaper  
T fresh button blank, raw button no treatment sandpaper  washed, sandpaper  
U fresh button blank no treatment sandpaper  washed, sandpaper  
V dyed button no treatment sandpaper  washed, sandpaper  
AC section of nut with rind no treatment sandpaper   

After experiments R to V had been terminated with the death of the last beetle, experiment R was 
repeated in modified form (R1m–R8m). Eight samples were exposed to mass colonisation, by placing 30 
beetles into each jar. Three of the samples (R1m–R3m) were placed as they were, while five (R4m–R8m) 
were limited to a button blank and raw button which had been soaked for 26hrs in tap water causing them 
to swell considerably (Figure 35). The dry samples (R1m–R3m) were rejected by all beetles. In instances of 
soaked samples, all button blanks were accepted, often by multiple beetles(e.g. Figure 36; Figure 37). In two 
cases the raw button was also perforated. 

With the commencement of the high humidity breeding box some experiments were modified. When 
beetles were exposed to a section of a tagua seed (experiment AC, ten replicates), six were initially accepted 
with evidence of tunnelling, while 4 were rejected (two of which were rejected twice). In all instances, the 
seeds were eventually abandoned.  

One sample (AC1), which had initially been tunnelled, was then exposed to ten beetles and place 
inside the breeding box. Similar mass exposures were carried out for two samples of raw button blanks and 
two samples of mixed tagua materials. Tunnelling occurred in none of the samples. 
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Figure 34. Modern tagua buttons. a) button blank; b) raw button, c) finished, dyed button; d) slice of tagua nut with 
epicarp. 

 

Figure 35. Modern tagua buttons as supplied (top) and after 26 hours of immersion in tap water. 

   

Figure 36. Multiple perforations of a 
soaked button blank (R7m) 

Figure 37. Multiple perforations of a 
soaked button blank (R8m) 

Figure 38. Tunnelling into a button 
blank (U10) 

20 mm

a b c d
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Figure 39. Sample jar with modified experiment R. 

 

Figure 40. Initial tunnelling of a dyed button and subsequent death of the beetle (V4). 
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Other Drupes and Seeds 

As noted in the introduction, Herfs (1948) and Boraei et al. (1994) tested the acceptance of other fruit stones 
and seeds. Herfs (1948) found that Coccotrypes dactyliperda rejected· coffee beans (Coffea arabica);13 Tonka bean 
(Dipteryx odorata); Cardamom (Eletteria major); soybeans (Glycine max); as well as the seeds of oranges (Citrus 
sinensis); melons (Cucumis melo) and pumpkins (Cucurbita sp.). The beetles tunnelled into Cacao seeds 
(Theobroma cacao); cotton seed (Gossypium sp.); and para nut (Bertolethia excelsa), whereas chickpea (Cicer 
arietinum) and rice grains (Oryza sativa) were tunnelled and consumed. Oviposition occurred in none of these 
cases. Almonds (Prunus dulcis), shelled and peeled, as well as peanut (Arachis hypogea) were accepted with 
oviposition occurring in a few instances (resulting in fertile females). Persimmon (Diospyros kaki) on the 
other hand, were well accepted. In a more recent experiment, Boraei et al. (1994) found that doum nut 
(Hyphaene thebaica) and dates were accepted, while the stones / seed of olives (Olea europea), apricots (Prunus 
armeniaca), peaches (Prunus persica), plums (Prunus domestica) and mangoes (Mangifera indica) were rejected 
(Boraei et al., 1994). 

Four Australian commercial nut crops, almonds, chestnuts, hazelnuts and walnuts were tested as part 
of this study. In addition, the suitability of rice as a maintenance diet was assessed. 

Almonds 

Coccotrypes dactyliperda has been documented in almonds (Prunus dulcis) in Breslau (Jäger, 1874a; Kaltenbach, 
1874; Letzner, 1840), Namur (Vreurick, 1910) and Vienna (Wichmann, 1927, p. 80), but also in Hawai’i 
(Swezey, 1941). Both Wichmann (1955, p. 100) and Schedl (1961, p. 698) argued that these observations 
merely suggest a maintenance diet but not evidence of breeding. Letzner’s observations, however, indicate 
that at least in his example, the beetles were indeed breeding. 

To assess this question, almonds in the shell were offered by themselves (experiment W) and in 
combination with a raw tagua button blank (experiment X) as well as in in combination with a shelled 
almond (experiment Y).14 To assess whether the variety of almond (in the shell) might make a difference, 
three different varieties (Nonpareil, Carmel, Price) were also tested (experiment Z).15 In all four experiments 
(two repeats each) the beetles refused the almonds (as well as the raw tagua button blanks). In a final 
iteration, three samples of experiment Z were exposed to mass colonisation, by placing 30 beetles into each 
jar (experiment Z1m–Z3m). None of the samples were accepted. 

Edible chestnut 

Experiment N examined whether Coccotrypes dactyliperda would accept edible chestnut (Castanea sativa). The 
chestnuts were purchased loose in a local supermarket in Albury.16 Initially, two of the seeds (N2, N10) 
were explored by penetrating the epicarp. One was abandoned (N2, Figure 75), and one appeared accepted 
(N10). The remaining eight were rejected and all beetles died. A second cohort of beetles, introduced to the 
nine rejected chestnuts (N1–N9), also rejected the food and died. A third cohort (N1–N9) was tested with 
freshly purchased chestnuts. One (N5-3) was tunnelled but abandoned. All others were rejected. 

At the termination of the food preference determination phase of the experiment, specimens N2 and 
N5 were cut open. Specimen N5 showed penetration of the epicarp as well as the pellicle, while the albumen 
remained untouched (Figure 77), whereas specimen N2 showed penetration of the epicarp only (Figure 75). 
Specimen N10 was retained until 7 October when the epicarp (with adhering pellicle) was sliced open to 
reveal a dead beetle in the interstice without evidence that the albumen had been touched. 

Walnuts 

Experiment AE examined whether Coccotrypes dactyliperda would accept Persian (‘English’) walnuts (Juglans 
regia) in the shell.17 Seven samples were prepared with a single beetle, one sample (AE8) with five beetles 
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and two samples (AE9 and AE10) with ten beetles each. None of the beetles attempted penetration of any 
of the walnuts. 

Hazelnuts 

Experiment AG examined whether Coccotrypes dactyliperda would accept hazelnuts (Corylus avellana) in the 
shell.18 Ten samples were prepared with a single beetle per sample. On day two of the experiment, the beetle 
population of each sample was increased to five. After six days all beetles were found dead. The majority of 
the nuts had been tested, primarily at or near the hilum (Figure 69–Figure 71). In one instance the epicarp 
had been penetrated, but the penetration had been abandoned (Figure 73). A mass exposure of 10 beetles 
to a single nut (4 repeats),19 and a second mass exposure of 30 beetles to a single nut (no repeats) resulted 
in no penetration. 

Brazil nuts 

Experiment AJ examined whether Coccotrypes dactyliperda would accept Brazil nuts (Bertholletia excelsa) in the 
shell.20 Ten samples were prepared with ten beetles per sample. None of the beetles attempted penetration 
of any of the Brazil nuts. 

Broad beans 

Experiment AI examined whether Coccotrypes dactyliperda would accept Broad beans (Vicia faba).21 A mass 
exposure sample was prepared where ten beans were exposed to ten beetles in a single 180 ml container. 
None of the beetles attempted penetration of any of the beans. A repeat with 30 beetles to ten beans also 
resulted in rejection. 

Rice 

Herfs (1948) observed that Coccotrypes dactyliperda also took to rice (Oryza sativa) as a maintenance diet. He 
noted that some grains were tunnelled. To re-assess this, three samples were prepared, where 40 beetles 
each were inserted into a sample jar containing 50g of Arborio rice.22 That rice variety was chosen as it had 
the thickest grains. During the experimental period, the beetles became increasingly dusty, indicating that 
rice was actually consumed as part of the beetle’s maintenance diet, even though none of the beetles actually 
burrowed into a rice grain. After six days all beetles were dead. 

Pasta 

Another experiment examined whether Coccotrypes dactyliperda would accept pasta as a maintenance diet. Two 
beetles each were introduced into a sample jar that had been provided with a section of a sheet of dried 
Lasagna pasta. Some pasta dust was observed, but no tunnelling occurred. 

 



Emergence Times and Size of Brood 

In this section we discuss observations made regarding emergence times as well as the overall size of the 
brood raised in the various seeds of Phoenix canariensis and P. dactylifera. 

Diurnal timing of emergence 

For the first 50 days of the experiment, the emergences were checked twice daily at the end of each artificial 
‘day’ (16 hours, 17:00–09:00) and ‘night’ (8 hours, 09:00–17:00). This 50-day period was meant to cover the 
emergence of the initial brood (experiments A, B and C). In each given 24-hour period, adjusted for the 
different length of day/night, emergence occurs statistically significantly ("2=17.7793; p=0.000025, df= 
968) more frequently during the hours of the night (69.2±16.4%, median 66.7%, range 40-100%, n=663) 
than the day.23 As there were no differences in temperature or humidity between the artificial day and night 
periods, it has to be assumed that the absence of light initiated the emergence. It can be speculated that a 
preference for nocturnal emergence is an instinctive predator avoidance strategy. 

Duration until Emergence 

Single beetles had been provided with a food choice in single 200 ml sample containers. These were checked 
daily (twice daily for the first 50 days for experiments A–C, at least daily for all others) with all emerged 
beetles counted and removed. The time elapsed between the espouse to food and associated tunnelling and 
emergence was calculated (henceforth ‘emergence time’). 

The average emergence times of the offspring used in each experiment are set out in Table 11 (for a 
cumulative histogram see Figure 41). The data highlight considerable variation, in particular when 
considering the emergence times of individual seeds (Table 12).The emergence times range from 17.3 days 
(sample I3) to 54.1 days (sample M1). It must be noted however, the long emergence times represent a 
second generation that hatched in the seeds. This is well exemplified by the bimodal and even tri-modal 
distribution of some of the experiments (see Figure 42; Figure 43). It is well exemplified by the offspring 
distribution of seed B1 (Figure 56) and seed B6 (Figure 57). 

Table 11. Average emergence times of beetles (in days) in the different experiments 
Experiment Palm Min Average Max N 
A PC 22.07 38.54±7.70 51.8 57 
B PC 20.69 30.04±6.41 48.68 186 
C PC 20.69 44.64±11.25 68.70 215 
D PC 19.65 24.85±6.64 49.99 48 
G PC 19.96 26.94±5.04 42.06 98 
I PC 17.31   1 
J PD 24.71 38.68±12.31 62.20 93 
K PD 21.64 24.23±5.10 36.73 8 
L PD 21.62 26.37±3.53 39.63 72 
M PC/PD 19.99 32.32±9.45 70.00 252 
O PD 31.06 51.13±14.90 78.10 153 
P PC/PD 18.75 29.42±7.21 59.03 382 
AB PS 20.03 36.98±10.67 60.16 246 
WW PC 17.10 23.59±2.21 28.00 123 
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Table 12. Average emergence times of beetles (in days)inindividual seeds. PC—Phoenix canariensis; PD—Phoenix 
dactylifera  

Seed Palm Min Average Max n 
A3 PC 23.69 35.80±7.00 41.97 9 
A5 PC 28.89 39.81±5.34 45.29 9 
A6 PC 23.69 43.54±8.58 51.80 12 
A10 PC 45.89 47.48±2.26 49.08 2 
B1 PC 20.69 31.33±6.84 41.66 72 
B3 PC 23.69 28.82±6.35 48.68 21 
B6 PC 21.24 30.36±6.65 41.91 57 
B7 PC 20.94 27.69±4.31 40.23 36 
C1 PC 27.71 56.21±10.86 68.70 13 
C4 PC 20.69 24.01±2.19 26.66 5 
C5 PC 37.06 42.46±2.24 43.65 8 
C9 PC 33.63 50.37±9.63 60.72 13 
C10 PC 22.99 49.72±7.30 55.71 78 
C11 PC 24.00 47.47±9.51 57.92 24 
C12 PC 24.00 40.09±9.27 52.65 33 
C13 PC 20.69 34.44±10.11 51.80 41 
D1 PC 21.87 31.61±15.93 49.99 3 
D2 PC 21.02 21.02± 21.02 1 
D3 PC 21.02 24.87±6.00 45.07 15 
D4 PC 24.35 27.42±4.01 31.96 3 
D5 PC 22.66 24.21±1.34 24.99 3 
D6 PC 21.57 28.98±13.15 48.68 4 
D9 PC 19.65 22.60±3.18 30.59 18 
G1 PC 23.96 24.64±0.96 25.31 2 
G2 PC 20.26 28.37±5.23 39.06 51 
G3 PC 20.99 20.99± 20.99 1 
G4 PC 22.97 26.69±6.69 40.00 6 
G5 PC 33.04 33.04± 33.04 1 
G8 PC 19.96 25.39±3.89 42.06 36 
G9 PC 20.91 21.13±0.31 21.35 2 
I3 PC 17.31 17.31± 17.31 1 
J2 PD 24.71 24.71± 24.71 1 
J5 PD 25.76 33.17±6.05 48.89 42 
J8 PD 24.71 24.71± 24.71 1 
J9 PD 25.36 30.89±3.23 36.21 24 
J10 PD 45.09 56.54±6.73 62.20 25 
K5 PD 21.64 21.64± 21.64 1 
K6 PD 22.97 22.97± 22.97 1 
K7 PD 36.73 36.73± 36.73 1 
K8 PD 23.64 23.64± 23.64 1 
K9 PD 21.64 21.97±0.57 22.63 3 
K10 PD 22.97 22.97± 22.97 1 

Seed Palm Min Average Max n 
L1 PD 21.62 24.29±2.19 29.90 20 
L2 PD 22.97 27.21±2.81 36.72 41 
L3 PD 22.97 31.30±11.78 39.63 2 
L4 PD 34.59 34.59± 34.59 1 
L5 PD 23.67 23.75±0.11 23.83 2 
L6 PD 23.67 23.75±0.11 23.83 2 
L7 PD 23.67 23.67± 23.67 1 
L9 PD 24.65 24.65± 24.65 1 
L10 PD 23.18 28.57±7.61 33.95 2 
M1 PD 54.11 54.11± 54.11 1 
M2 PC 19.99 29.07±5.44 38.99 42 
M4 PD 31.22 48.60±14.52 70.00 24 
M5 PC 25.33 37.54±11.32 54.11 7 
M6 PD 24.24 31.46±1.86 32.01 21 
M7 PD 20.09 27.39±5.54 43.83 56 
M8 PD 21.32 28.44±5.95 40.11 35 
M9 PD 21.80 34.50±6.96 45.86 60 
M10 PC 23.27 30.10±4.18 34.06 6 
O1 PD 31.06 45.57±12.42 68.05 20 
O10 PD 34.06 51.86±14.34 78.10 35 
O2 PD 32.10 55.93±18.06 78.10 25 
O3 PD 31.25 45.77±13.64 71.98 21 
O7 PD 34.06 46.30±8.19 60.04 12 
O8 PD 33.13 59.69±13.31 72.14 15 
O9 PD 31.06 51.88±15.79 74.09 24 
P1 PC 20.09 33.19±8.98 56.87 85 
P10 PD 20.31 28.14±5.36 40.26 43 
P2 PC 20.09 28.22±5.17 40.84 58 
P3 PD 18.75 25.73±9.87 32.72 2 
P4 PC 19.97 30.62±6.31 41.03 67 
P5 PC 21.01 28.96±10.92 59.03 18 
P7 PC 19.97 28.08±5.47 49.98 58 
P8 PC 22.96 28.96±8.91 45.08 8 
P9 PC 19.30 25.17±4.64 41.03 44 
AB2 PC 20.03 39.53±12.84 49.14 41 
AB4 PC 20.03 33.76±11.78 60.16 53 
AB5 PC 21.15 38.35±9.35 60.16 94 
AB6 PC 22.68 22.68± 22.68 1 
AB7 PC 22.68 36.25±8.45 49.60 81 

 
 

Table 13. Emergence times of the Walla Walla seeds experiment 
Seed Min Average Max N 
WW1 A1 17.10 22.49±2.22 26.98 36 
WW1 A2 19.01 24.62±1.91 28.00 32 
WW1 A3 21.00 21.32±0.55 21.95 3 
WW1 A4 21.00 24.01±1.93 28.00 46 
WW2  20.24 22.64±2.62 25.16 6 
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Figure 41. Frequency ofemergence (in days) after commencement of tunnelling.Cumulative data. (n=1846) 

 
Figure 42. Daily emergence sequence of the parental generation of Phoenix canariensis seeds (experiments A–C). 

 

Figure 43. Daily emergence sequence of Phoenix canariensis seeds (experiments D, G, AB). 
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Figure 44. Daily emergence sequence of Phoenix dactylifera seeds (experiments K, L, O). 

 

Figure 45. Daily emergence sequence of Phoenix dactylifera seeds (experiments J, M, P). 

To examine patterns, the emergence sequence of individual seeds has been plotted in the form of 
bubble-charts (Figure 46–Figure 49). The charts show a wide diversity of emergence patterns both in timing 
and in a quantity. 

There is a group of samples, where the emergence times are consistently delayed by ten days 
compared to others (Figure 48 samples O1–O10; Figure 49 sample M4). Common to these is that 
C. dactyliperda were given dried Mejdool dates. It can be posited that the delay is caused by the beetles’ 
progress through the dense and fibrous pericarp of the dried fruit. Such a distinct delayed onset was not 
observed among the beetles penetrating P. canariensis drupes (Figure 46 samples B1–B7; Figure 49 samples 
M1–2, 5–10), where the pericarp is both thinner and has a higher moisture content. 

Table 14 examines whether the type of food indeed results in statistically different emergence times. 
To prevent intergenerational issues from affecting the data (see below), only samples exposed to second 
generation beetles were chosen. In the case of P. canariensis the differences are stark. The average emergence 
from freshly extracted seeds is significantly longer than that from older (but same season) seeds collected 
off the ground (p<0.0001) (Table 15). Emergence time from samples originally penetrated as fresh drupes 
are even longer (Table 14), but while also statistically significant it should be cautioned that the size of the 
drupe sample is comparatively small. In the case of P. dactylifera drupes the differences are also large, with 
emergence times from dried drupes significantly longer than those of extracted and cleaned seeds as well as 
between the two types of seed sample preparation. The differences in emergence times between dried 
drupes and extracted but not cleaned seeds are insignificant (Table 15). 
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Figure 46. Daily emergence sequence of the individual seeds of the parental generation, Phoenix canariensis seeds 
(experiments A–C). 

 

 
Figure 47. Daily emergence sequence of the individual seeds of the subsequent generations, Phoenix canariensis seeds 

(experiments D, G, AB). 
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Figure 48. Daily emergence sequence of the individual seeds of the subsequent generations, Phoenix dactylifera seeds 
(experiments K, L, O). 

 
Table 14. Average emergence times of beetles (in days)by type of food (second generation only) 

Species Samples Min Average Max N 
Phoenix canariensis fresh drupe 24.00 46.19±15.39 70.00 27 
 seed, fresh 17.00 29.23±7.50 59.00 364 
 seed, old 20.00 26.64±5.55 50.00 118 
Phoenixdactylifera  fresh drupe 20.00 38.37±14.68 78.00 344 
 seed, cleaned 19.00 27.14±4.38 40.00 117 
 seed, fresh 22.00 37.68±12.40 62.00 101 

 
Table 15. Statistical differences (p-values) in average emergence times of different second-generation samples(student’s t) 

 Phoenix canariensis   Phoenix dactylifera 
 drupe seed fresh seed old   drupe seed fresh seed clean 
drupe — 0.00001 0.00000  drupe — 0.00000 0.68387 
seed fresh  — 0.00008  seed fresh  — 0.00000 
seed old   —  seed cleaned   — 
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Figure 49. Daily emergence sequence of the individual seeds of the subsequent generations, Phoenix dactylifera seeds 
(experiments J, P, M4) and Phoenix dactylifera seeds (experiments M1–2, 5–10). 

 

The breeding pattern is an additional variable affecting the emergence times. This is defined by 
oviposition by the founding female followed by tending the brood chamber and the emergence of the first 
generation. If the founding female was fertilised, her first generation offspring will be of both sexes. The 
hatched females will mate with their hatched male sibling(s) with the majority subsequently vacating the 
brood chamber (Figure 51). Those fertilised females of the first generation that remain in the brood chamber 
will commence their own oviposition while the founding female will continue to do so, thereby creating 
overlapping generations. Depending on the volume of the host seed, a third generation of females may 
breed, fertilised by males of the first or second generation. When the seed is fully eaten out, all remaining 
females will vacate the brood chamber, while the males tend to remain and die. If the founding female is 
unfertilised, however, then her first generation will comprise of males only (Figure 51). She will proceed to 
mate with one of her sons, from when onwards the breeding process will continue as above. 
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Figure 50. Intergenerational logic 
Fertilised founding female 

Figure 51. Intergenerational logic 
Unfertilised founding female 

 

The observed emergence times were tested to assess intergenerational differences (see Table 16). 
Among the three generations vacating P. canariensis, the second generation emerged significantly earlier than 
both the first and the third generation (by an average of 8–10 days, both significant at p<0.00001), while the 
difference between generations 1 and 3 was not significant (Table 17). The difference in emergence times 
between fresh seeds of P. canariensis and P. dactylifera (both second generation) (Table 16) is significant 
(student’s t; p= 0.00024). 

Table 16. Average emergence times of beetles (in days) by generation 
Samples Min Average Max N 
Generation 1     
P. canariensis 20.69 38.03±11.58 68.70 433 
Generation 2     
P. canariensis 17.31 28.76±7.09 59.03 540 
P. dactylifera 18.75 37.47±14.37 78.10 568 
Generation 3     
P. canariensis 20.03 36.93±10.35 60.16 270 

 
Table 17. Statistical differences (p-values) in average emergence times of different generation Phoenix canariensis 

samples(student’s t) 
 Gen 1 Gen 2 Gen 3 
Gen 1 — <0.00001 0.16211 
Gen 2  — <0.00001 
Gen 3   — 
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Size of Brood 

The experiments showed that the number of emerging beetles varies greatly between seeds (Table 12). For 
this, a number of factors may play a role: the fertility of the founding female; the size of the seed and thus 
the amount of albumen available for consumption; environmental parameters, such as temperature and 
humidity; and extraneous factors such as the build-up of mould.  

Ignoring all hatch rates below five offspring, which may be interpreted to be early brood terminations 
due to humidity issues, the average total progeny for a single Phoenix canariensis seed was 37.8±26.2 (median 
35, range 6–93) (n=46) and 29.2±13.6 (median 24, range 11–59) (n=35) for a single P. dactylifera seed. The 
inter-seed variation, however, is substantial (Figure 52–Figure 55). The breakdown of the average brood 
size by generation and type of seed source shows that the first generation generated smaller broods that the 
second and third generations(Table 18). Some the third generation data were derived from adult and pupae 
counts when the experiment was terminated. As this does not account for mortality of pupae, the third 
generation data in Table 18 may be overestimates.  

 

Table 18. Average brood size by generation and type of seed source 
Samples Samples Min Average Max N 
G1 PC drupe 5 33.42±24.54 78 12 
 PC seed old 9 10.00±1.73 12 3 
G2 PC seed fresh 8 44.50±27.38 85 8 
 PC seed old 6 27.00±20.35 51 4 
 PD drupe 6 29.30±19.14 60 10 
 PD seed fresh 20 34.67±12.74 43 3 
 PD seed clean 24 30.33±10.12 42 3 
G3  PC seed old 28 59.75±29.81 89 4 

 

The observed differences of the average brood sizes derived from dried drupes, extracted seeds and 
extracted cleaned seeds of P. dactylifera (Table 18) are not significant (Table 19). Similarly, the observed 
differences of the average brood sizes derived from drupes, fresh and old seeds of P. canariensis (Table 18) 
are not significant (Table 19). This indicates that the state and nature of the drupe/seed, which has a bearing 
on emergence times (see above) does not influence brood sizes. It was posited above that the size of the 
seed and thus the amount of albumen available for consumption might play a role. Overall, P. canariensis are 
larger and have greater volume than Mejdool variety P. dactylifera seeds used in the experiments. Yet the 
difference was insignificant (student’s t, p=0.35865). 

 

Table 19. Statistical differences (p-values) in average brood sizes (student’s t) 
 Phoenix canariensis   Phoenix dactylifera 
 drupe seed fresh seed old   drupe seed fresh seed clean 
drupe — 0.33064 0.88687  drupe — 0.59701 0.90574 
seed fresh  — 0.44560  seed fresh  — 0.66968 
seed old   —  seed cleaned   — 
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Figure 52. Emergence of offspring per seed, parental generation, Phoenix canariensis seeds (experiments A–C). 

 
Figure 53. Emergence of offspring per seed, Phoenix canariensis seeds (experiments D, G, AB). 
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Figure 54. Emergence of offspring per seed, Phoenix dactylifera seeds (experiments K, L, O). 

 
Figure 55. Emergence of offspring per seed, Phoenix dactylifera seeds (experiments J, M, P). 
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Figure 56. Emergence frequency of seed B1. 

 

Figure 57. Emergence frequency of seed B6. 

. 

The emergence sequence of beetles from seeds B1 (Figure 56) and B6 (Figure 57), exhibits a bimodal 
distribution, reflecting the first and second generation. The first generation make up about 60% of the total 
(B1: 59.5%; B6: 61.4%). Between 23 August and 13 September, the direct offspring of seed B1 were 
relocated to 51 different samples while direct offspring of seed B6 were relocated to 48 different samples 
The genealogical charts of the offspring of the females in seeds B1 are shown in Figure 58 and those of B6 
in Figure 61. Also shown are the total offspring of the daughter generations (B1: Figure 59; B6: Figure 62) 
and the average emergence time of the daughter generations (B1: Figure 60; B6: Figure 63). 
 
 

0

1

2

3

4

5

6

22
-A
ug

23
-A
ug

24
-A
ug

25
-A
ug

26
-A
ug

27
-A
ug

28
-A
ug

29
-A
ug

30
-A
ug

31
-A
ug

1-
Se
p

2-
Se
p

3-
Se
p

4-
Se
p

5-
Se
p

6-
Se
p

7-
Se
p

8-
Se
p

9-
Se
p

10
-S
ep

11
-S
ep

12
-S
ep

13
-S
ep

14
-S
ep

15
-S
ep

0

1

2

3

4

5

6

7

22
-A
ug

23
-A
ug

24
-A
ug

25
-A
ug

26
-A
ug

27
-A
ug

28
-A
ug

29
-A
ug

30
-A
ug

31
-A
ug

1-
Se
p

2-
Se
p

3-
Se
p

4-
Se
p

5-
Se
p

6-
Se
p

7-
Se
p

8-
Se
p

9-
Se
p

10
-S
ep

11
-S
ep

12
-S
ep

13
-S
ep

14
-S
ep

15
-S
ep



Food preferences and hatching times of Coccotrypes dactyliperda 

— 44 — 

Parent                B1                Second Brood 

                                       

                                       |             

Gen I  D1  D5  D6    D9    G4  K8  P8  P9  O1  O2  D8  I6  M5  N1-2  Q6-2  U4 

                                    F4  K7    N2-3  Q10-3  V2 

                                    G5  L3    N4-2  Q14-3  W5 

                                    H6  L4    N5  R1  X1 

                                    H8-2  L5    N5-2  S7  X2 

                                    H9-2  L6    N9  T4  X3 

                                      I4-3  L10    N10  T6  X9 

                                            Q2  T10  Y1 

Gen II  J9  N6-3  AA6  AB2  J5  AD7  U7-2  Y6-2  W9-3  AA1-2  AF2  AE9             

     N7-3  R1-2        J1  U8-2    W10-3  AA1-3  AG8  AG7             

     S8-2  S7-2        J3  W2-2      AA10-2    AG6             

               J4  Z6      AB10-3                 

               J6        AB9-3                 

               J7        J8-2                 

               J8        Q17-3                 

               Y2-2        T10-3                 

               Y3-2        U1-3                 

               Y4-2        U2-3                 

               Y9        U3-3                 

               Z4        U4-3                 

                       V3-3                 

                       V4-3                 

                       V5-3                 

                       W8-2                 

                       Z10-2                 

                                        

Gen III  AF1-2      AE6  AE1                           

  AF5      AE7  AF5                           

  AF9-2      AE8  AF5-2                           

  AG4      AE9  AG9                           

  AG9      AG10                             

Figure 58. Descendant chart of B1. 
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Parent                72                Second Brood 

                                       

                                       |             

Gen I  3  3  4    18    6  1  8  44  20  25  †  †  7  †  †  † 

                                    †  1    †  †  † 

                                    1  2    †  †  † 

                                    †  1    †  †  † 

                                    †  2    †  †  † 

                                    †  2    †  †  † 

                                      †  2    †  †  † 

                                                 

Gen II  24  †  †  41  42  †  †  †  †  †  †  †             

     †  †        †  †    †  †  †  †             

     †  †        †  †      †    †             

               †  †      †                 

               †        †                 

               †        1                 

               †        †                 

               †        †                 

               †        †                 

               †        †                 

               †        †                 

               †        †                 

                       †                 

                       †                 

                       †                 

                       †                 

                       †                 

                                        

Gen III  †      †  †                           

  †      †  †                           

  †      †  †                           

  †      †  †                           

  †      †                             

Figure 59. Brood size of B1 and its descendants († failed experiment). For codes see Figure 58 
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Parent                20.69                Second Brood 

                                       

                                       |             

Gen I  21.87  22.66  21.57    19.65    22.97  23.64  22.96  19.30  31.06  34.06  †  †  25.33  †  †  † 

                                    †  36.73    †  †  † 

                                    33.04  22.97    †  †  † 

                                    †  34.59    †  †  † 

                                    †  23.67    †  †  † 

                                    †  23.67    †  †  † 

                                      †  23.18    †  †  † 

                                                 

Gen II  25.36  †  †  20.03  25.76  †  †  †  †  †  †  †             

     †  †        †  †    †  †  †  †             

     †  †        †  †      †    †             

               †  †      †                 

               †        †                 

               †        24.71                 

               †        †                 

               †        †                 

               †        †                 

               †        †                 

               †        †                 

               †        †                 

                       †                 

                       †                 

                       †                 

                       †                 

                       †                 

                                        

Gen III  †      †  †                           

  †      †  †                           

  †      †  †                           

  †      †  †                           

  †      †                             

Figure 60. Initial emergence times of the descendants of B1 († failed experiment). For codes see Figure 58. 
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Parent                B6                      Second Brood 
                |                           
  |    |    |  |   |   |  |  |  |    |    |  |  |    |  | 
Gen I  G1    G2    G3  I3   L1   L2  M8  M9  O7    P1    P2  P3  P4  P7-2  F1  Q1 
  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |    F2  Q11 
Gen II  Q16  AB4  AB5  AA8  T2  X7  AB7  AA5  AD10  R4m  T4  AF2-2  J5  J9  AE1  AE10  V2  R5m    F3  Q12 
    |  |  AA9      |  AA6  R5m  AA9  AC8    |  |  AE2  J10    V7    H2  Q15-4 
    |  |  AA10      |  Q17  S3  T5  AE9    |  |  AE10  R5m    AA2    H3  T8 
    |  |  AD8      |  T1  S4  T6  AF1    |  |  AF4  T7    AD3    H4  U7 
    |  |  AD9      |  T2  S5  V2  AG1    |  |  AF4-2  U10    AE3    I2  U8 
    |  |  N9      |    S6  W2  AG2    |  |  AG5  V1    AE4    I4  U9 
    |  |  R4m      |    S7  W9  AG3    |  |  J4  V8    AE5    I5  V4 
    |  |  R6      |    S8  W10  AG8    |  |  R4m  W7    V6    N1  V5 
    |  |  R10      |    S9  X2  AH    |  |  T8  W8    W3    N2  V6 
    |  |  S1      |    S10  X3      |  |  T9  Z8    W5    N3  W2 
    |  |  S2      |      Z3      |  |  X1  Z9    W6    N3-2  W3 
    |  |  S9      |      Z4      |  |        Z6    N7-2  W4 
    |  |  S10      |      Z5      |  |        Z7    O4-4  X5 
    |  |  T4      |            |  |            O5-4  X6 
    |  |  T9      |            |  |            O6   
    |  |  T10      |            |  |            O8   
    |  |  U1      |            |  |               
    |  |  U2      |            |  |               
    |  |  U3      |            |  |               
    |  |  V7      |            |  |               
    |  |  V8      |            |  |               
    |  |  V9      |            |  |               
    |  |  V10      |            |  |               
    |  |  W1      |            |  |               
    |  |  X9      |            |  |               
    |  |  Z9      |            |  |               
    |  |  Z10      |            |  |               
    |  |        |            |  |               
Gen III    AF4  AG5        AF1-2            AE1  AF1-2               
    AG8  AE10        AF4            AG9  AG4               
    AG10  AE8        AG5            AF5  AF9-2               
    AG5  AF2        AG8            AF5-2  AG9               
    AE10  AG6        AG9              AF5               
    AE8  AF3        AF3-2                             
              AF8-2                             

Figure 61. Descendant chart of B6. 
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Parent                57                      Second Brood 
                |                           
  |    |    |  |   |   |  |  |  |    |    |  |  |    |  | 
Gen I  2    51    1  1   20   41  35  69  12    85    58  2  67  0  †  † 
  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |    †  † 
Gen II  †  53  94  †  †  †  81  †  †  †  †  0(t)  42  24  †  †  †  †    †  † 
    |  |  †      |  †  †  †  †    |  |  †  †    †    †  † 
    |  |  †      |  †  †  †  †    |  |  †  †    †    †  † 
    |  |  †      |  †  †  †  †    |  |  †  †    †    †  † 
    |  |  †      |  †  †  †  †    |  |  †  †    †    †  † 
    |  |  †      |    †  †  †    |  |  †  †    †    †  † 
    |  |  †      |    †  †  †    |  |  †  †    †    †  † 
    |  |  †      |    †  †  †    |  |  †  †    †    †  † 
    |  |  †      |    †  †  †    |  |  †  †    †    †  † 
    |  |  †      |    †  †      |  |  †  †    †    †  † 
    |  |  †      |      †      |  |  †  †    †    †  † 
    |  |  †      |      †      |  |        †    †  † 
    |  |  †      |      †      |  |        †    †  † 
    |  |  †      |            |  |            †  † 
    |  |  †      |            |  |            †   
    |  |  †      |            |  |            15   
    |  |  †      |            |  |               
    |  |  †      |            |  |               
    |  |  †      |            |  |               
    |  |  †      |            |  |               
    |  |  †      |            |  |               
    |  |  †      |            |  |               
    |  |  †      |            |  |               
    |  |  †      |            |  |               
    |  |  †      |            |  |               
    |  |  †      |            |  |               
    |  |  †      |            |  |               
    |  |        |            |  |               

Gen III    †  †        0(t)            †  0(t)               
    †  †        †            †  †               
    †  †        †            †  0(t)               
    †  †        †            0(t)  †               
    †  †        †              †               
    †  †        0(t)                             
              0(t)                             

Figure 62. Brood size of B6 and its descendants († failed experiment). For codes see Figure 61. 
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Parent                21.24                      Second Brood 
                |                           
  |    |    |  |   |   |  |  |  |    |    |  |  |    |  | 
Gen I  23.96    20.26    20.99  17.31   21.62   22.97  21.32  21.80  34.06    20.09    20.09  18.75  19.97  19.97  †  † 
  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |    †  † 
Gen II  †  20.03  21.15  †  †  †  22.68  †  †  †  †  0(t)  25.76  25.36  †  †  †  †    †  † 
    |  |  †      |  †  †  †  †    |  |  †  †    †    †  † 
    |  |  †      |  †  †  †  †    |  |  †  †    †    †  † 
    |  |  †      |  †  †  †  †    |  |  †  †    †    †  † 
    |  |  †      |  †  †  †  †    |  |  †  †    †    †  † 
    |  |  †      |    †  †  †    |  |  †  †    †    †  † 
    |  |  †      |    †  †  †    |  |  †  †    †    †  † 
    |  |  †      |    †  †  †    |  |  †  †    †    †  † 
    |  |  †      |    †  †  †    |  |  †  †    †    †  † 
    |  |  †      |    †  †      |  |  †  †    †    †  † 
    |  |  †      |      †      |  |  †  †    †    †  † 
    |  |  †      |      †      |  |        †    †  † 
    |  |  †      |      †      |  |        †    †  † 
    |  |  †      |            |  |            †  † 
    |  |  †      |            |  |            †   
    |  |  †      |            |  |            33.13   
    |  |  †      |            |  |               
    |  |  †      |            |  |               
    |  |  †      |            |  |               
    |  |  †      |            |  |               
    |  |  †      |            |  |               
    |  |  †      |            |  |               
    |  |  †      |            |  |               
    |  |  †      |            |  |               
    |  |  †      |            |  |               
    |  |  †      |            |  |               
    |  |  †      |            |  |               
    |  |        |            |  |               

Gen III    †  †        0(t)            †  0(t)               
    †  †        †            †  †               
    †  †        †            †  0(t)               
    †  †        †            0(t)  †               
    †  †        †              †               
    †  †        0(t)                             
              0(t)                             

Figure 63. Initial emergence times of the descendants of B6. For codes see Figure 61. 
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The role of mould 

At the beginning of the experimentation a conscious decision was made not to treat any of the seeds or 
samples with fungicides. The rationale for this was to simulate semi-realistic conditions, where some of the 
seeds may have been exposed to fungal spores. Some fungal growth occurred in the germination 
experiments (Spennemann et al., 2018), and some was observed in the food preference trials. The mould 
commenced at the tunnel entrance (Figure 64) and eventually both covering the seed/sample (Figure 65) 
filling the entire brood chamber(Figure 68). Well before that, breeding and blocking females would be 
become entrapped (Figure 64; Figure 66) and die (Figure 67). 
 

 

Figure 64. Mould hyphae entrapping a burrowing beetle (sample Poison test, sample 13) 
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Figure 65. Raw tagua button with beetle affected by mould partially blocking the entrance to a gallery (sample R8mII). Note 
the beetle walking on the button (see Figure 67 for detail) 

  

Figure 66. Beetle blocking the entrance to a gallery in a raw tagua button (sample R8mII) after rising in tap water. 

  

Figure 67. Beetle covered in mould (sample R8mII). 
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a b 

  
c d 

Figure 68. Galleries filled with mould (sample G8). 
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Endnotes 

 

1. In the assessment of the cold resistance of Coccotrypes dactyliperda (see p. 41), some seeds were opened up after 
five days to assess the survival. In once instances 19 eggs were noted (see for example Figure 11 c–d). 

2. In the species name, ‘dactyliperda’ is a Latin composite word, derived from ‘dactylus’ (plural dactyli) date(s) and 
‘perdere’ to lose, waste, or destroy.—In the literature the beetle is often addressed under its common names, i.e. 
date stone beetle, date stone weevil, palm seed borer, Dattelkäfer, Dattelkernborkenkäfer, charançon des noyaux 
de dates, scolyte des dates; tomique du dattier; palmzaadkever; and Кoрoeд пaльмoвый. In addition, given its 
proclivity to also infest palm seeds that were sources of vegetable ivory used for button manufacture, the species 
is also known as (ivory) button beetle and Steinnusskäfer. 

3. Until the late nineteenth century, exotic seeds and plants were often stocked by pharmacists. 
4. All images were taken with a hand-held Olympus TG-3 digital camera. 
5. Oral history regarding the palms at the Lieschke driveway is limited as the oldest living member of the family can 

only recall the young pams being regularly watered while he was a child (Spennemann, 2019a). 
6. The box consisted of an airtight 10 l plastic container. The bottom was lined with kitchen paper tissue. A plastic 

tray, supported in four plastic lids was inserted as a false bottom to hold the seeds (and sample). The paper towel 
was kept moist. The lid was opened twice a day (simulated morning and evening) to maintain airflow. 

7 . As with germination experiment #2, the samples were checked on a weekly basis (for five weeks). Seeds found to 
have germinated were extracted and placed for five days into a freezer at –15°C. At the end of the germination 
experiment all samples were disposed of in an incinerator bag. 

8. The Californian Mejdool dates were acquired in Albury Supermarkets as a pack (“Sweet Vine,’ experiments K, L) 
and as loose dates (‘Baard Valley Natural Delights,’ experiments J, M, O, P). 

9. The seeds were collected at a Washingtonia robusta growing at 701 Forrest Hill Avenue, Albury. For background see 
Spennemann (2018b, 2019c). The seeds had been collected in April 2018 and stored at room temperature in a 
ziplock bag. 

10. The choice of relocation to a 25ml vial was governed by the fact that these vials had transparent bodies that allowed 
to assess the emergence of new beetles. 

11 .The experiment commenced 9 October at 15:10. The first assessment occurred on 10 Oct at 9:50, i.e. 18 hrs and 
50 minutes later one beetle (sample 7A) was found to have burrowed into the seed, but the beetle’s abdomen was 
still partially visible (Figure 22). 

12 . These were rehoused into 10ml clear plastic vials. 
13. Fresh coffee beans, not roasted. 
14. The almonds were sold loose at a fruit market in Canberra. Exact grower information and variety could not be 

obtained. The shelled almond was extracted from almonds of the sample. 
15. The almonds were kindly supplied by Ben Fessey (Olam Orchards Australia, Melbourne). 
16. The chestnuts were sold loose in an Albury supermarket. Exact grower information could not be obtained. 
17. The walnuts were sourced at the Wodonga Markets and originate from a producer in Whorouly (Vic). 
18. The sample of hazelnuts was sourced as loose nuts at an Albury whole foods store. The nuts had been sourced 

from a grower at Porepunkah (Vic). 
19. The second sample of hazelnuts was sourced as part of a mix of nuts in their shells, purchased at an Albury 

supermarket. The origin of the nut mix could not be ascertained. 
20. The sample of Brazil nuts was sourced as part of a mix of nuts in their shells, purchased at an Albury supermarket. 

The origin of the nut mix could not be ascertained 
21. The sample of broad beans was sourced as loose beans at an Albury whole foods store. 
22. Riviana Arborio Italian Risotto Rice. 
23. During the first 50 days of the experiment, there were 355 emergences during the ‘day,’ and 308 during the ‘night’ 

(i.e. n=663). For the !2 test the daytime emergences were adjusted to account for the fact that the ‘day’ had twice 
as many hours as the ‘night.’ 
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Appendix I 
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Appendix II: Penetration of Hazelnuts (Photographic 
Documentation) 

 

Figure 69. Penetration attempt of a hazelnut (AG5) 

 

 

Figure 70. Abandoned penetration attempt of a hazelnut (AG5). Note the convex nature of the base of the hole. 
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Figure 71. Abandoned penetration attempts of a hazelnut (AG6, initial) 

 
a b 

Figure 72. Abandoned penetration attempts of a hazelnut (AG6, final) 
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Figure 73. Abandoned penetration attempts of a hazelnut (AG1) 

 
a b 

Figure 74. Abandoned penetration attempts of a hazelnut (AG7) 

 
 
 

 

 



Appendix III: Penetration of Chestnuts (Photographic 
Documentation) 

 
a b 

Figure 75. Abandoned exploration of an edible chestnut (Castanea sativa) (experiment N2). 

 
a b 

Figure 76. Coccotrypes dactyliperda exploring an edible chestnut (Castanea sativa) (experiment N10). The exploration was 
abandoned. 
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Figure 77. Abandoned exploration of an edible chestnut (Castanea sativa) (experiment N5). 



Appendix IV: Locomotion of Larvae 
(Photographic Documentation) 

Past studies have shown that either eggs nor larvae can survive if ejected from the brood gallery (Herfs, 
1948, 1950). When the container of sample AB5 was shaken, the blocking beetle was dislodged and a 
number of eggs, larvae and pupae fell out. One of the larvae could be filmed to record its movement pattern 
(Figure 78, Figure 79). 

Essentially, the larva would rear on its hind section and moved the head in a horizontal swinging 
motion, reaching ever higher. The majority of the lateral twist was about 60º, but on a few occasions twists 
of up to 90º were observed. In the absence of a food source, the larva would then contract and, by rapid 
expansion of the front simultaneous with a rapid contraction of the rear, would lurch forward, landing a 
rocking motion with both head and rear end raised. Further exploration would occur that time, following 
by another lurching motion. In no instance were two successive forward motions observed. 

 

Figure 78. Movements of a third instar larva of Coccotrypes dactyliperda (sample AB5).  
Screengrabs of a movie file. 
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Figure 79. Movements of a third instar larva of Coccotrypes dactyliperda (sample AB5).  
Screengrabs of a movie file. 
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