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Abstract Insect faunas from a Spanish and a Dutch 
shipwreck, Angra D and Angra C, recovered from a 
bay on Terceira island, Angra do Heroísmo, in the 
Azores, and dated to c. 1650 CE, provide informa-
tion about the onboard ecology of seventeenth cen-
tury shipping vessels and the role of these ships and 
of contemporary maritime routes in biological inva-
sions. In addition to evidence for foul conditions, 
there is evidence for similar insect faunas on both 
these ships. The assemblages include the earliest 
records of the now cosmopolitan synanthropic scut-
tle fly Dohrniphora cornuta (Bigot) which was prob-
ably introduced through trade from southeast Asia to 
Europe. The presence of the American cockroach, 
Periplaneta americana (L.) from Angra D, in the 
context of other sixteenth and seventeenth century 
records from shipwrecks, gives information about its 
spread to North America and Europe through trans-
atlantic and transpacific trade, hitching a ride with 
traded commodities. The insect data point to the 
importance of introduced taxa on traded commodities 
and ballast, transported from port to port, and the role 

of ports of call like Angra in the Azores, as hot spots 
for biological invasions.
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Introduction

In a homogenized world where there are many thou-
sands of species’ invasions showing little indication 
of a declining rate (Seebens et al. 2015, 2018), under-
standing the pathways and timing of initial introduc-
tions of insects to new areas provides the backdrop 
for assessing the ongoing process of biotic change. 
Introductions via maritime routes are responsible 
for continuous tranches of stowaways which eventu-
ally may become established in new areas often at 
the expense of the native fauna. Although the discus-
sion on insect biological invasions tends to focus on 
recent decades, accidental travellers on shipping ves-
sels have a long history. When it comes to historical 
biogeography, the suggestion that a wooden sailing 
vessel around 1750 could transport up to 156 species 
of invertebrates, algae and plants, provides a glimpse 
of the implications of maritime trade for biological 
invasions (Carlton 1999). In depth understanding of 
ecosystems on ships and conditions which facilitated 
these invasions is needed.

What is often called the Age of Discovery 
(15–18th century CE) led to the European exploration 
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and colonization of much of the rest of the world, to 
new trading routes and transoceanic introductions of a 
large range of taxa. The limited data that we have for 
maritime introductions during this period, come from 
sparse records of insect stowaways from shipwrecks, 
often found sunk near a harbour, where they had been 
seeking to find shelter during a sudden storm, and the 
occasional ship’s log or diary entry (Banks 1797).

On these maritime routes, the islands which acted 
as obligatory revictualling stops during the long jour-
ney between the West Indies, Africa, Europe and the 
Americas (Garcia 2017a) played an important role as 
hubs also for invasive species. Imported taxa could 
become established on these, as a result of frequent 
introductions and spread from these hop-off/hop-on 
points to new destinations.

This paper presents new data on insect faunas from 
two seventeenth century shipwrecks, Angra C and 
Angra D, from one of the key ports for transatlantic 
trade, Angra do Heroísmo on Terceira island, in the 
Azores. It summarises evidence on previous maritime 
introductions via the sea during the late medieval 
period, discusses conditions on the shipping vessels 
and assesses the origins of some now cosmopolitan 
taxa in relation to the role of trade and maritime trad-
ing routes.

Study location

Terceira is an island in the Azorean archipelago, 
which is located to the west of the Iberian peninsula 
(Fig. 1). The Azores islands have been settled by the 
Portuguese since the fifteenth century in the context 
of the beginning of the European maritime expan-
sion. Located on the south part of Terceira, Angra do 
Heroísmo is a settlement with a bay which provides 
shelter from southerly winds (Fig.  1). After Vasco 
de Gama stopped at Angra to bury his brother on 
his return from the West Indies in 1499 (Velho and 
de Sá 1898), it became the main port of call for Por-
tuguese and Spanish trading ships, to take on water 
and restock (Garcia 2017b). As a result of its strate-
gic position, despite royal protectionism for Portu-
guese and Spanish ships, this harbour was also used 
by vessels from other kingdoms, mainly after the sev-
enteenth century (de Meneses 1984). The “carpenter 
winds”, sudden violent storms, have resulted in many 
ships being wrecked in the Azores. More than 100 

shipwrecks are claimed from the area of the bay of 
Angra alone (Garcia and Barreiros 2018).

The shipwreck of Angra D (Fig.  2), dating to 
around 1650, was found around 50 m off the coast-
line of Angra (Fig.  1). It was excavated by the Por-
tuguese Ministry of Heritage and Culture in 1997 
(Garcia and Monteiro 2001; Garcia 2004; Bettencourt 
2017). Several structural parts of Angra D, which 
was 29 m long, survived, including nine floor riders, 
deck beams, the main mast step, etc. (Bettencourt 
2017). From its construction, Angra D was identi-
fied as a two masted Spanish vessel, possibly a Pata-
cho (brigantine), a type of warship which was used to 
patrol the Spanish Empire’s territories, but also used 
as a merchant vessel (Garcia and Monteiro 2001; 
Bettencourt 2017). A variety of artefacts and organic 
remains were also recovered during excavation (Gar-
cia 2004; Bettencourt 2017; Iñañez et al. 2020). These 
include items which would have been used every day 
on board and range from pins and a thistle to wooden 
combs, wicker baskets and two staved buckets. One 
of the buckets, a pail, with evidence for the use of 
metal hoops around it, holding together eleven lateral 
pieces, was found in the area of the mast step, close to 
the keelson; it was optimally preserved, still attached 
to rope, and contained organic material (Fig.  3b, c). 
The bucket’s use is thought to have been as a baler to 
remove sea water from the deck (Smith 2009; Garcia 
2004).

Around 8 m away from Angra D, during the same 
archaeological excavation in 1998 were recovered the 
remains of a Dutch shipwreck also dating to around 
1650 CE, Angra C (Garcia et al. 1999; Phaneuf 2003) 
(Fig.  2). It was originally discovered in 1996, as 
Angra D, in relatively shallow waters, c. 7 m of depth. 
Only a segment of the ship’s hull around 14.7 m long 
was preserved under 2 m of sediment. The excavation 
of the shipwreck unearthed a relatively small amount 
of ballast under which various parts of the ship were 
recovered, the lower hull, part of the stern and the 
bow ends, etc. Angra C had a double hull, similar to 
other seventeenth century Dutch ships navigating the 
Asian trade route (to Mauritius, Batavia, etc.), and it 
was therefore identified as a Dutch vessel (Maarlev-
eld 1998; Garcia and Monteiro 2001; Phaneuf 2003), 
possibly an Urca, a type of a cargo vessel built for 
coastal trade, commissioned to stay in the archipelago 
and serve routes between Europe and the islands of 
the Azores and Madeira. The artefacts preserved 
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from the wreck, including various ceramics, a caul-
dron made of copper, pipe stems, leather soles, wheat 
grains, corn, straw, fruit pits, etc., provided informa-
tion about life on the ship.

Methodology

From Angra D, organic preservation was noted from 
several areas. A small quantity of organic material 

was sampled from a complete bucket on the mast step 
(S39b) (Figs. 2, 3), In addition, insect remains from 
the base of the bucket, visible with the naked eye, 
were collected. From Angra C what was thought to be 
a layer of seeds from under decking planks (S139b) 
(Fig.  2) was sampled. The organic residues were 
sorted under a stereomicroscope. The insect material 
which was well preserved was identified to the low-
est taxonomic level using modern comparative speci-
mens and entomological keys. Lack of taxonomic 
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Fig. 2  Excavation plans of a Angra D and b Angra C with location of samples for insects indicated in red
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knowledge and the fragmented nature of the material 
prohibited identifications to the lowest taxonomic 
level in some cases. Insect data from other late medi-
eval shipwreck were collated and compared with the 
faunas from Angra D and Angra C in order to under-
stand better the role of these seventeenth century ves-
sels in the introduction of exotic insect species.

The insect assemblages

The assemblage from Angra D (S39b) and Angra C 
(S139b) show strong similarities. In essence, Angra 
C includes a sub-set of taxa (with 4 taxa and 8 indi-
viduals), in comparison with Angra-D (12 taxa and 
155 individuals), and fewer specimens (See Table 1). 
The most abundant taxon from Angra D is tentatively 
referred to the ephydrid genus Paracoenia. These 
flies are found from a variety of foul aquatic con-
texts, including mineral or hot springs, alkaline lakes, 
and in areas with saline water (Mathis 1975). Para-
coenia fumosa (Stenhammar) breeds in rich organic 
mud, often on midden edges. As other ephydrids, it 
has been associated with yeast (Maksimova et  al. 
2020) and has not previously been recorded in fossil 
synanthropic assemblages. However the puparia of 
the genus have not been adequately described, and the 
present identification to P. fumosa relies mainly on 
the presence of (inter alia) a very strong apicoventral 
spur on the mid-tibiae of the adult.

Another ephydrid from both shipwrecks is Sca-
tella. The genus is associated with algae (Foote 1977) 
which would have been found in abundance within 
the environments of medieval vessels. In the case of 
Angra C, in addition to Scatella sp., there is evidence 
for Teichomyza fusca (Macquart), an ephydrid which 
is associated with urine, dung and faeces (Vogler 
1900; Vibe-Petersen 1998) and hence it has earned 
the common name urine fly. Its larvae thrive on urine-
soaked wood of ancient buildings (Foote 1995) and 
its pupae can block sewage pipes and drains (Smith 
1989; Vibe-Petersen 1998). Adults have been col-
lected during winter and in addition to its European 
records, it has been described from western South 
America. It is a palaearctic species, and its first record 
comes from 200 to 400 CE Roman York (Hall and 
Kenward 1990) and it was later recorded from Cut-
ler’s Gardens in London c. 1650–1750 CE (Girling 
1982), shipped from Europe to the Americas (Wirth 
1968).

Piophila casei L. is a cosmopolitan species which 
oviposits on cheeses, dry meat, smoked fish and can 
also be found in carrion (Benecke 1998; Merritt et al. 
2009). It is associated with forensic cases and can be 
an important forensic indicator as it colonises corpses 
during caseous fermentation (Martin-Vega 2011). 
Mégnin (1894) noted its association with caseic fer-
mentation in corpses and he detailed observation of 
its larvae jumping from a corpse; this leaping behav-
iour and its association with some types of cheese, 
where the larvae breed, has led to its common name 

Fig. 3  a Angra D under-
water excavation, b the 
complete bucket with the 
organic remains found on 
the mast step, later reassem-
bled (c) and conserved
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cheese skipper. It has been implicated in cases of 
urinary myiasis (Saleh and el Sibae 1993) and intes-
tinal infections by P. casei are a direct result of a 
consumption of food infested by this fly for example 
salted fish, cured meat, etc. (Zumpt 1965). The earli-
est records of P. casei come from a Ptolemaic Egyp-
tian mummy (Curry 1979; Panagiotakopulu et  al. 
2015;  Panagiotakopulu unpublished), suggesting a 
north African origin.

Several species of Ophyra and Hydrotaea, for-
merly referred to the genus Ophyra, are strongly 
synanthropic and have been transported widely 

through human commerce. Originally from the Old 
World, Ophyra capensis (Wiedemann) and Hydro-
taea ignava (Harris) are well-known cosmopoli-
tan "filth-inhabiting" synanthropes with a probably 
ancient association with man. H. capensis has a four-
teenth century record from Italy, from the mummy of 
the Blessed Antonio Patrizi (Morrow et al. 2015), and 
probably originated in the Mediterranean area, while 
H. ignava is possibly from further north in Europe. 
However, another Hydrotaea species, this time of 
American origin, which appears only recently to have 
crossed the Atlantic to become established in the Pal-
aearctic, is H. aenescens (Wiedemann). The earliest 
record from Europe is from refuse dumps in Italy in 
1964, spreading to Norway by 1982 (Skidmore 1985). 
In 2000 it was also taken from a refuse dump at El 
Senbellawein in Egypt (Skidmore and El-Serwy, pers. 
com.). All Hydrotaea species are predatory in the lar-
val stage (Skidmore 1985) and in this sample (Angra 
D 39b), they were probably feeding on maggots of 
other flies (Musca domestica, and, possibly, those of 
ephydrids).

Dohrniphora cornuta (Bigot), a phorid and the 
most abundant taxon from the shipwrecks, prob-
ably originated from sub-tropical or tropical orien-
tal areas (Disney and Bänziger 2009) and has been 
spread worldwide by commerce. The genus is oth-
erwise restricted to warmer regions. D. cornuta is a 
filth inhabiting fly (Barnes 1990), recorded from rot-
ting cargoes in ships, including rice bran, cow peas, 
etc., but is also known from sewage, compost, dead 
animals (snails, insects, vertebrates etc.). Its larvae 
are polyphagous but primarily sarcophagous and 
share the same habitat with adult females, feeding on 
decaying plants and dead and decaying animal mat-
ter (Disney 1983; Barnes 1990). One of the most 
interesting modern records comes from the cargo of a 
Burmese ship in Liverpool (Colyer unpublished notes 
in Disney et al. 2014). It has been noted for its synan-
thropic tendencies; adult females have been observed 
biting humans (Schmitz 1938, 1951), and it has also 
been observed living in human excrement (Skidmore 
1978). Its larvae have been recorded causing myiasis 
in cattle (Patton 1922) but not from humans. D. cor-
nuta has been recently recorded from forensic cases 
and there is a strong possibility that it will become an 
important forensic indicator in the near future (Dis-
ney et al. 2014).

Table 1  Insects from complete bucket found on the mast 
step from Angra D (S39b) and from the organic remains from 
underneath decking planks from Angra C (S139b).

The insect counts represent Minimum Numbers of Individuals 
(MNIs)

Taxa Angra D Angra C

Coleoptera
Dermestidae
Dermestes sp. 5
Diptera
Phoridae
Dohrniphora cornuta (Bigot) 30 2
Piophilidae
Piophila cf. casei L. 14 2
Heleomyzidae
Heleomyza sp. 1 0
Sphaeroceridae
Spelobia spp. (2 species) 12 0
Drosophilidae
Drosophila sp. 3 0
Ephydridae
Paracoenia fumosa (Stenhammar) 53 0
Teichomyza fusca (Macquart) 0 1
Scatella sp. 35 3
Muscidae
Musca domestica L. 3 0
Ophyra capensis (Wiedemann) (or 

Hydrotaea ignava (Harris))
1 0

Sarcophagidae 0
Sarcophagidae indet. 1 0
Hymenoptera
Diapriidae 1 0
Blattodea
Blattidae
Periplaneta americana (L.) > 20 0
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The specific identity of the single incomplete 
Heleomyza puparium from Angra D cannot be ascer-
tained, but three species, H. captiosa, H. serrata and 
H. borealis figure extremely prominently in archaeo-
logical contexts of Norse settlements in Britain, Ice-
land and West Greenland (Skidmore 1996; Panagiota-
kopulu et al. 2007) and it is most likely that they were 
widely dispersed by ships in the medieval period. 
Heleomyza spp. are troglodytic and have a strong 
preference for materials high in protein. They can be 
necrophagous, although they tend to breed in midden 
materials and in dung of omnivorous and carnivorous 
mammals (Skidmore 1996).

Spelobia spp. is a genus of lesser dung flies which 
tend to live in subterraneous habitats and are sap-
rophagous, living on rotting substrates (Roháček 
2011). Drosophila sp. is another taxon which fre-
quents rotting fruit, decaying plant tissues and their 
fluxes (Carson 1971).

Amongst the species present on the Spanish ship 
(Angra D, S39b), this time of certain identity at the 
species level, is Musca domestica L., the common 
house-fly, which breeds in fermenting putrescent 
organic material and is most abundant in the com-
pany of man; it is eusynanthropic and is perhaps the 
most commonly recorded fly throughout the world. 
Through its effluvia and excreta it can spread mechan-
ically a range of different pathogens, protozoa, bacte-
ria, fungi and viruses. It can cause myiasis and one of 
the main diseases it is associated with is Chlamydia 
trachomatis, trachoma, which is endemic in Africa 
(Greenberg 1973; Brewer et  al. 2021). The house-
fly has originated in the Old World, most probably 
in the Nile valley (Panagiotakopulu and Buckland 
2017) from whence it has been distributed to Europe 
with early farmers and it later became cosmopoli-
tan (Panagiotakopulu and Buckland 2018). Current 

research suggests that it was by far the most abundant 
fly breeding in human settlements in Egypt during 
Dynastic times, for instance at the Workmens’ vil-
lage at Amarna during the construction of the tomb 
of Akhenaten in the fourteenth century BC (Panagio-
takopulu et al. 2010). It was presumably taken to the 
Americas by commerce and this record aboard a sev-
enteenth century ship in the mid-Atlantic is of interest 
in terms of its biogeography.

Apart from the dipterous material, the sample 
mainly consisted of fragments of various Coleop-
tera, including several larval urogomphi of Dermestes 
sp. and bits of adults of this genus. Its larvae have a 
capacity to feed on a variety of dried materials from 
dried meat to skin and bones (Peacock 1993). Also 
present was a head capsule of a parasitic Hymenop-
teran, probably belonging to the Diapriidae which are 
mainly parasitic on larvae of Diptera.

A piece of the tegmen of a cockroach was recov-
ered from the sample, which probably belongs to 
Periplaneta americana (L.). This was in addition to 
several wings collected from the base of the bucket, 
during sampling (Fig.  4). P. americana is a noctur-
nal pest, sometimes called kakerlac, from the Dan-
ish word for cockroach, ship cockroach, Bombay 
canary (Guthrie and Tindall 1968) or waterbug in 
America, as a result of its proliferation in New York 
at the time of the arrival of a piped water supply in 
1842 (Johnson 1928). It lives in a variety of differ-
ent commodities and waste, from cheese, meat, mush-
rooms to detritus, hair, glue, cloth and dead insects 
(Bell and Adiyodi 1981). It thrives in humid envi-
ronments and warm temperatures (Roth 1982) and 
is found in areas with suitable microclimate, (e.g. 
wood piles, hollow trees, etc. outdoors, or piped cen-
tral heating systems, water pipes, sewers, etc., par-
ticularly indoors). This insect pest can mechanically 

Fig. 4  Periplaneta ameri-
cana (L.) from Angra D a 
P. americana wings photo-
graphed during excavation 
of the bucket (39B) found 
near the mast, b detail of P. 
americana tegmen
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spread a variety of different pathogens, and a range 
of food-borne pathogens such as Escherichia coli, 
Shigella dysenteriae, Staphylococcus aureus, and 
Salmonella enterica, have been associated with P. 
americana (Donkor 2020). Although it is called the 
American cockroach, its origins are thought to lie in 
tropical West and South Africa, where it is closely 
related to the African genus Pseudoderopeltis, and 
there is also an argument for an Indo Malaysian ori-
gin (Rehn 1945). The earliest records of its congeners 
P. japonica of Japanese origin and the synanthropic 
P. fuliginosa, of Asian origin, come from imprints 
on Jomon pottery, as early as 5300 years ago for the 
former and 4800–4000 years ago for the latter (Obata 
et  al. 2022). P. americana appears for the first time 
from the shipwreck of the Spanish galleon San Este-
ban on Padre Island, Texas, in 1554 (Durden 1978), 
and there are additional records of the “American” 
cockroach from other shipwrecks from the sixteenth 
and the seventeenth century (see discussion below). 
It now has a cosmopolitan distribution and is perhaps 
the most common cockroach in houses in the United 
States (Cornwell 1976). 

Discussion

Life on medieval carracks

Among the organic materials preserved from the 
Spanish vessel, botanical remains were recovered, 
including shells of coconuts, almonds, raisins and 
corn (de Matos 1998, p. 383) which provide informa-
tion about life during the lengthy journey. In addi-
tion bones of cattle, pig and hog, chicken and also 
fish bones indicate that ships carried fowl, animals 
and diverse commodities for the food supply of the 
sailors on board (Phillips 1969; Earle 1998, p. 95; 
Miceli 1998). Although animals were banned on Ibe-
rian vessels in 1621, this ban was only on paper as 
there is mention of coops, hens and eggs reserved for 
the officers and the sick in accounts of Iberian ships 
sailing to the Indies (Phillips, ibid). Additional pro-
visions would have been purchased during breaks in 
the journey for taking on freshwater and revictualling. 
Details about supplies and conditions on board are 
discussed in contemporary ship logs with mentions of 
boiled salt beef and salt fish as part of the daily food 
ratios and also suet, flour biscuits, soups, etc. (e.g. De 

Saussure 1995, p. 226, c. 1720; Gracias 1998). Pro-
visions were similar for ships from the sixteenth to 
eighteenth centuries on the same sailing routes (Pepys 
1926; Bruijn 1967; Bruijn 1993; Macdonald 2006, 
2010). Dutch ships had similar supplies to their Ibe-
rian counterparts, with butter, cheese, bread, biscuits, 
salted meat and fish, beer and wine, while living ani-
mals were kept on board to supplement the sailors’ 
diets and stops en route supplemented the sailors’ 
diets (Bruijn 1993; Söderlind 2006). Rotting sup-
plies, unclean water, lack of cleaning of decks, cabins 
and clothing and unhygienic conditions, in particular 
when it comes to the ship’s bilge contributed to the 
proliferation of vermin, insects and rats, the last also 
recovered from Angra D (Bettencourt 2017).

Diptera recovered from the bucket, found next to 
the mast of Angra D, provide evidence for an alter-
native use for the bucket than the obvious interpreta-
tion for emptying water. They indicate the presence of 
high protein, decaying food materials and filthy con-
ditions. The presence of dark loving flies, Heleomyza 
sp. and Spelobia spp., show that at least some of the 
taxa would have thrived in the gloomy conditions of 
the ship’s holds. Taking into account the species from 
this sample from Angra D, the synanthropes, such as 
D. cornuta, M. domestica, P. casei, and the fact that 
the majority of the assemblage are protein feeders, 
filth and dung inhabiting taxa, perhaps the bucket’s 
use, in addition to bailing water, was to throw garbage 
off the deck. An alternative explanation would be that 
the bucket, when not used as a bailer, but was a slop 
bucket (see Phillips 1969, p. 96; Navarro and Victoria 
1997), used to empty urine, excrement and sick and/
or collect waste and food leftovers for omnivorous 
animals on board.

The presence of P. periplaneta provides addi-
tional information for the contents of the bucket 
and confirms information from the literary record. 
Accounts from ship logs and journals mention 
cockroach infestations. De Salazar (1991) mentions 
“curianas” infestations during his travel across the 
Atlantic in 1573 (Pérez-Mallaína 1998, p. 133). 
It is not coincidental that in the “The Theatre of 
Insects” Moffett (1658, XVIII) refers to his compa-
triot, the English privateer Francis Drake. During 
the Anglo-Spanish war, in June of 1578, Drake near 
the island of San Miguel in the Azores, captured 
the Portuguese carrack São Filipe, on its return 
from the West Indies, stole its cargo of spices, gold 
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and other commodities, and sank it: “In the Ship 
called the Philip, (which that noble other Nep-
tune, Sir Francis Drake, took laden with spices) 
there was found a wonderful company of winged 
Moths, but somewhat bigger than ours, softer and 
of a more swarthy colour.”. In the seventeenth 
century, Domingo Navarrete noted that sailors on 
the Asiatic maritime route, thought that wind pat-
terns could be predicted from the behaviour of the 
ship’s cockroaches: ’the more restless they are, the 
higher the wind’ (Cummins 1962, p. 356), a well-
documented behavioural response of P. americana 
to wind puffs (e.g. Ritzmann 1984). Later in 1781, 
on the Princessa, Mourelle in his diary reported 
millions of cockroaches and he went on to state 
that they were devouring large quantities of biscuit 
leaving only dust (de la Perouse 1798).

The insect assemblage from Angra C comes 
from under the decking planks; this thin planking 
would have stopped cargo and ballast from falling 
between the frames (Steffy 1994), and also led to 
the preservation of the associated insect faunas. 
The flies on board of the Dutch ship, show strong 
similarities with the assemblage from the Span-
ish Angra D and indicate similar environments, 
with the ephydrid Scatella sp. showing wet envi-
ronments and algae, the phorid D. cornuta and 
the piophilid P. casei pointing to filthy conditions, 
decaying plant and animal matter, dung and fae-
ces. The faunas provide confirmation for the claim 
that on these vessels “most people did not take the 
trouble to go above to relieve themselves, which is 
partly to blame for so many deaths” (Monteiro and 
Castro 2015). However the presence of the urine 
fly from Angra C, shows that the deck may have 
been soaked with urine. Presumably foul materials 
from the deck of ships would have moved down-
ward from floor to floor to end up in the bilge, 
which would be the equivalent of a floating cesspit.

Although lice were not recovered from either of 
the wrecks, ship logs and diaries repeatedly men-
tion severe lice infestations to the extent that it was 
claimed that they could lead to death. Gaspar Fer-
reira in his logbook of the São Martinho (Monteiro 
1985) also writes about “a boy [who had] died and 
was found dead under his blanket, riddled with 
lice”. Allegedly the death of Francis Forrest was 
due “to tis said eaten to death with lice (Teonge in 

Manwaring 1927 for HCA 15/48 5 August 1755 by 
the master and mate of the Deepsey brigantine).

Hitchhikers, carracks and trade

Up to the fifteenth century, the spice trade was 
dependent on intermediaries, through ports of the 
Red Sea, Syria and Egypt. The discovery of the 
Americas in 1492 led to the initiation of transatlan-
tic West Indies route and the creation of the colony 
of Brazil during the sixteenth century (Bethell 1987) 
signaled a new era for exploration and subsequently 
trade. Vasco de Gama’s successful journey to Calicut 
and his ship’s return to Portugal with a cargo of Asian 
spices was a significant moment for the commence 
of the Iberian Asian maritime route. Urdaneta’s 1565 
travel from the Philippines to Acapulco showed that 
transpacific trade was possible, establishing the so 
called Manila galleon route. A decade later Francis 
Drake’s circumnavigation (1577–80), from the straits 
of Magellan, along the west coast of America, west 
across the Pacific to the Spice islands in the southeast 
Indonesia and back via the Cape of Good Hope and 
West Africa, expanded commercial activities. After 
the sixteenth century, the Dutch broke the Iberian 
monopolies and with the use of innovations in ship 
construction and business, succeeded in extending the 
market of exotic goods, with the English navy also 
claiming part of the trade (Steensgaard 1990; Pedreira 
1998).

In a biogeographic context the insect assemblages 
from the two shipwrecks from Angra bay, provide 
information related to the journeys of these ships. 
Species were transported on ballast, parts of the fau-
nas were surviving in the bilge of the ship and other 
taxa were infesting cargo and food supplies. The 
vessels would not have been cleaned out at the end 
of each journey and this resulted to a residual fauna. 
Similar faunas would be expected in the same itin-
eraries and the probability is that supply and trading 
hubs, like Angra, on the return routes from the East 
Indies or the West Indies, played a role for the even-
tual homogenization of the faunas of these ships.

Musca domestica, which was recovered from 
Angra D, was initially introduced to Europe with the 
introduction of domestic herbivores, as houseflies 
thrive on herbivore dung (Skidmore 1996; Panagio-
takopulu and Buckland 2018). The spread of agricul-
ture led to the establishment of houseflies as early as 
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the Neolithic with records from Erkelenz-Kückhoven 
in the Rhine Valley c. 5300 BC (Schmidt 2010), 
from Schipluiden in the Netherlands at ca. 3500 BC 
(Hakbijl 2006) from Thyangen Weier in Switzerland 
ca. 3500–3000 BC (Nielsen et al. 2000), Federsee in 
southern Germany, ca. 3000 BC (Schmidt 2004) and 
the pile dwelling at Alvastra in southern Sweden ca. 
3000 BC, (Skidmore in Lemdahl et  al. 1995). How-
ever, when it comes to maritime pathways, it is only 
during the thirteenth century CE that the first record 
of houseflies comes from a shipwreck, that from 
Oskarshamn in Småland, Sweden (Lemdahl 1991; 
Lemdahl et  al. 1995). After this, there is some evi-
dence that houseflies were on board of larger ships, 
as it was found on the Mary Rose which was wrecked 
off Portsmouth on 1545 (Robinson 2005) (Fig. 5).

Heleomyza sp., another taxon recovered from 
Angra D, is a genus widely distributed in northern 
Europe, with H. borealis associated with the Viking 
farms, to the extent that it was christened by Skid-
more (1996) the Viking house fly. The find from the 
Iberian vessel shows that heleomyzids were perhaps 
frequent accidental travellers in cargo and ballast. 
This probably resulted from the exchange system with 
the Low Countries and England and also the Bal-
tic Sea; fur, wax and also wood from Scandinavian 

forests (Yun-Casalilla 2019; Jiménez-Montes 2022) 
through specialised merchants were among the com-
modities traded. The triangular Spanish, English and 
North American trade of cod and wool during this 
period (Lindroth 1957; Grafe 2003) could provide an 
additional explanation and it is no surprise that heleo-
myzids would find breeding areas in the dark corners 
of these vessels.

The most interesting species in terms of its bioge-
ography is D. cornuta, with first records from Angra 
D and Angra C. Its presence on both these carracks 
is probably linked with Asian trade itineraries and 
perhaps similar cargoes for both these ships. These 
finds indicate that D. cornuta was probably trans-
ported onboard ships in the seventeenth century spice 
route east Asia together with traded commodities, 
then introduced to European ports on this route, and 
through transatlantic and transpacific trade it became 
cosmopolitan.

The American cockroach, P. americana, recov-
ered from Angra D, is the taxon with the most records 
from the limited insect work from shipwrecks. Its ear-
liest record, from the Spanish carrack San Esteban in 
1554 was recovered together with B. orientalis (Dur-
den 1978). The oriental cockroach is also considered 
to have an African origin. Its earliest archaeological 

Fig. 5  Location map with records of Periplaneta americana 
(L.) and Musca domestica L. from shipwrecks. P. americana 
was recovered from: San Esteban on Padre Island in 1554 
(Durden 1978), Emanuel Point I and Emanuel Pont II in 1559 
near Pensacola in Florida (Smith 2018). The 1564 wreck of 
Santa Clara (St John’s shipwreck site) on the western edge of 
the Little Bahama (Corey 2017), the wreck of San Antonio c. 
1621 on the western reefs of Bermuda (Roth 1982), Angra D, 

Angra do Heroísmo, Terceira Island, 1650 CE (current paper), 
La Belle, sunk in in 1686 at Matagorda Bay (Bruseth and 
Turner 2005), Burgzand Noorg 4 in Waddenzee, in the Nether-
lands (Kuijper and Manders 2009). M. domestica was found at: 
Oskarshamn in Småland, Sweden 13th C (Lemdahl 1991), and 
in the Mary Rose wrecked off Portsmouth in 1545 (Robinson 
2005), Angra D (current paper)
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occurence is an ootheca recovered from bandages 
from a Manchester Museum Ptolemaic period 
mummy (1767) c. 305-30 BC, while an additional 
record of an oriental cockroach wing from late 
Roman (4th century CE) Lincoln (Carrott et al. 1995) 
indicates a probable introduction from Africa. Liter-
ary records mention Roman commercial expeditions 
from c. 19 BC-90 CE, to areas of sub-Saharan Africa 
which are thought to have reached lake Chad and 
the Niger (Raven 1993), and also possibly maritime 
commerce with the Canary Islands (Roller 2006). 
Although there is there is lack of confirmation about 
these expeditions from the archaeological record, 
there is evidence for trade with Nubia (e.g. Kirwan 
1957, 1980; Simpson et  al. 2020) which includes 
African pests (Panagiotakopulu unpublished).

On the other hand, the introduction of P. ameri-
cana via maritime routes as late as the sixteenth cen-
tury could point towards an Indo-Malaysian origin 
(Rehn 1945) and its spread via the spice route from 
southeast Asia as opposed to an out of Africa hypoth-
esis. Additional records during the sixteenth century 
(Fig. 5) include evidence from the wrecks near Pen-
sacola in Florida, Emanuel Point I and Emanuel Pont 
II in 1559 (Smith 2018) and from the 1564 wreck of 
Santa Clara (St John’s shipwreck site) on the western 

edge of the Little Bahama (Corey 2017). During the 
seventeenth century P. americana was found in the 
wrecks of the Spanish ship San Antonio, sunk around 
1621 on the western reefs of Bermuda (Roth 1982) 
and the French ship La Belle, the supply ship of the 
Texas colony established by La Salle, sunk in 1686 
at Matagorda Bay (Bruseth and Turner 2005) (Fig. 5). 
These records, were probably linked to the Spanish 
treasure ship route, which brought bullion to Iberian 
ports from Havana. Whilst another maritime route 
during the same period, the Asian route via the Cape 
of Good Hope, was probably the pathway for its ini-
tial introduction and spread to trading stops on the 
way and highlights the importance of Angra as a port 
of call for this and other introductions (Fig. 6). From 
the eighteenth century, numerous oothecae of Ameri-
can cockroaches have been recovered from the ship-
wreck Burgzand Noorg 4 in Waddenzee, in the Neth-
erlands (Kuijper and Manders 2009).

It is interesting that from the taxa recovered from 
Angra D and Angra C, the key species, M. domes-
tica, D. cornuta, P. americana and P. casei are part 
of the modern fauna of the Azores (Borges et  al. 
2022), pointing to continuous introductions through 
shipments of infested commodities, and providing 
more data on the importance of trade (Capinha et al. 

Fig. 6  Trade routes of the Portuguese, Spanish and Dutch, and the role of the Azores as a port of call. Periplaneta americana (L.) 
and Dohriphora cornuta (Bigot) were introduced from southeast Asia over to the ports of Europe and from there to the Americas
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2023) for the establishment of introduced species on 
islands. H. ignava is also part of the modern fauna. It 
is possible  that the individual recovered from Angra 
D could be H. ignava as opposed to O. capensis, per-
haps transported to the Azores via trade with north-
ern Europe. The taxa from the Angra wrecks primar-
ily associated with conditions on board, P. fumosa, T. 
fusca and Diapriidae may be present in Azores but 
have not been recorded yet (Borges et al. ibid).

Looking at the broader context of these introduc-
tions and taking into account other species recov-
ered, for example, the numerous rats from Angra D 
(Bettencourt 2017), which although unidentified are 
almost certainly black rat, Rattus rattus (L.), these 
taxa provided ample opportunities for the spread of 
infestation and infectious disease on board. They also 
provide some clues for the role of ships during the 
sixteenth century as reservoirs of pests, and as vectors 
of pathogens. From houseflies and cheese skippers 
to scuttle flies and cockroaches, large trading ves-
sels and key ports guaranteed a continuous pest and 
vector traffic. Maritime trade routes and transatlantic 
and transpacific trade played an important role in the 
spread of a range of invasive species, some of which 
were responsible for vector borne diseases.

Conclusions

The fly faunas of two seventeenth century carracks, 
the Spanish Angra D and the Dutch Angra C were 
primarily shaped by trade. They include the first 
record of the oriental now cosmopolitan synanthropic 
fly Dohrniphora cornuta, probably introduced from 
southeast Asia.

The so-called American cockroach, Periplaneta 
americana, was also probably introduced via the 
Asian maritime route from southeast Asia. These 
data, in particular the presence of cockroaches, and 
the first record of the cheese skipper Piophila casei 
from a shipwreck, the finds of the housefly, Musca 
domestica, and the urine fly, Teichomyza fusca paint a 
grim picture for the conditions on board of these ves-
sels, which is supported by the slim literary record. 
The presence of the American cockroach on six-
teenth and seventeenth century vessels and its spread 
is probably associated with large scale transatlantic 
and transpacific trade. Based on the insect faunas, 
the role of the Azores port Angra do Heroísmo, as an 

intermediate station for return journeys from India, 
West Africa, Central America and Europe made it a 
hub for the dispersal of introduced insects from these 
continents to Europe and vice versa. Refueling ports 
like Angra during the Age of Discovery were prob-
ably the equivalent of hot spots for continuous intro-
ductions of invasive species. Their study will provide 
novel data for biological invasions, geographic expan-
sion of introduced species and their establishment 
in new areas and a novel perspective of the process 
towards globalization.
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