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Are some brightly coloured 
European wild birds toxic?
Hugh D. Loxdale *

School of Biosciences, Cardiff University, Cardiff, United Kingdom

Some colourful European wild birds display contrasting bright colours. These 
are often striking black and white or primary and secondary colours, and with 
the same basic plumage livery shared by both sexes. These contrasting colours 
are, one assumes, very obvious to predators when these birds forage diurnally, or 
continue other aspects of their life history, including courting, nest building and 
rearing their brood. Here, I posit that such birds may be displaying aposematic 
warning colouration, possibly enhanced by chemical noxious substances in 
their flesh and/or feathers, as is already known in certain bird species, including 
colourful as well as cryptic species. The warning colouration may be Müllerian 
or Batesian in nature, or maybe is a ruse to suggest to predators that they are 
in some way noxious, and thus to be  avoided. Even if not actually noxious as 
such, this may give the intended prey time to escape. Certainly, birds like the very 
obviously blue-black and white patterned Eurasian magpie, Pica pica, are largely 
avoided by the Eurasian sparrowhawk, Accipiter nisus, although this of course 
could be a size-related avoidance, as other larger raptorial birds do predate it. 
These various possibilities are discussed in the present article.
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Introduction

As is well-established (Cott, 1940), many examples of cryptic camouflage occur in the 
natural world, with some animals mimicking stones, flowers, twigs and branches, or the ground 
itself. Such camouflaged animals abound in many groups, especially insects, but also including 
fish, amphibians, reptiles, mammals and birds. They do so either to escape predation or in the 
case of predators, to capture prey. For example, the Eurasian stone-curlew, Burhinus oedicnemus 
(L.), disappears against the dry, often stony ground on which it lives and nests. Similarly, the 
tawny frog mouth, Podargus strigoides (Latham) of Australia, appears to be a part of a branch 
on a tree, until that is, it opens its mouth wide to catch a flying insect.

Many animals also show aposematic warning colouration: bright contrasting colours, such 
as yellow and orange, yellow and red or black and white, often displayed as sudden flash 
colouration, as in the hind wings of moths like the red underwing moth, Catocala nupta (L.) 
(Lepidoptera: Erebidae; Rothschild and Lane, 1960). This is to warn would-be attackers that they 
are to be avoided; that they are in some way chemically defended, either with noxious chemical 
sprays (e.g., skunks), poisonous venom (e.g., certain snakes like the coral snake), toxic skin or 
flesh (e.g., certain tropical frog species), or the warning is a ruse (Cott, 1940; Baker and Parker, 
1979; Howse, 2014, 2021; Hedley and Caro, 2022). Perhaps then it is not surprising that certain 
bird species also apparently display warning colours, except that we have perhaps often failed to 
recognise the true purpose of such colourful plumage. We assess such birds as being harmless 
and hence ignore these warning signs, as they are apparently not a threat to us. But this may well 
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not be true of other, smaller creatures like Passerine birds, reptiles and 
predatory arthropods which see – and duly take notice of – such 
signals (Howse, 2014, 2021, 2022).

Are some birds toxic including 
European species?

So is it true? Do some bird species, including European species, 
show warning colours and signals and are they potentially toxic if 
eaten, not only by us but by other animals? It is known that a few 
tropical birds display warning colours and are toxic (Baker and Parker, 
1979; Hedley and Caro, 2022). One of the best examples is the hooded 
pitohui, Pitohui dichrous (Bonaparte) of New Guinea (Figure 1A), a 
medium-sized songbird with rich chestnut and black plumage, which 
contains a range of batrachotoxin (BTX) compounds (extremely 
potent cardio- and neurotoxic steroidal alkaloids found in certain 
species of beetles, birds, and frogs) in its skin, feathers and other tissues 
(cf. Bodawatta et al., 2023 and references therein). These are obtained 
from its diet, a mix of fruit, seeds and insects and other arthropods. 
The sequestered toxins in its feathers and flesh are used by the bird to 
provide it with some degree of protection against predators, probably 
mainly birds and snakes, since only one larger predatory mammal, a 
marsupial, exists in New Guinea (Leary et al., 2016). Both sexes have 
similar plumage. The toxins are especially concentrated in the breast 
and belly feathers, such that these not only protect the adult birds, but 
may also rub off on eggs and young in the nest (Dumbacher et al., 
2000; Yeung et al., 2022). That such warning colouration is shown by 
other, poisonous pitohuis in New Guinea (Jønsson et al., 2008), as well 
as bird species of other genera, e.g., the blue-capped ifrit, Ifrita kowaldi 
(De Vis) (Dumbacher et al., 2000; Bodawatta et al., 2023) appears to 
be a case of convergent evolution leading to Müllerian mimicry, i.e., 
gaining additional protection by mimicking other contrastingly, 
brightly coloured noxious/venomous animals (Cott, 1940; Baker and 
Parker, 1979; Hedley and Caro, 2022). The Hooded Pitohui’s defence is 
reinforced by a strong odour (Dumbacher et al., 1992). Its livery is also 
apparently mimicked by other un-related, non-toxic birds, these birds 
hence showing Batesian mimicry,1 where a non-toxic animal mimics a 
toxic or dangerous model organism (cf. Cott, 1940).

With this in mind, it occurred to me whist watching the wild birds 
coming to the bird table and feeders in my garden in North Devon, 
SW England that the many European Goldfinches, Carduelis carduelis 
(L.) (Figure 1B) that visit with their red, black and white face masks, 
black and white wing and tail feathers and bright yellow flash 
colouration on the wings, may be displaying warning colouration 
(Loxdale, 2022; cf. also Howse, 2014, p. 85). In the same article, I also 
surmised that other common garden birds like the Great Spotted 
woodpecker, Dendrocopos major (L.), tits, e.g., Great tit, Parus major 
L., and even wagtails, e.g., Pied wagtail, Motacilla alba 
L. (Figures 1C–E), may also be showing warning colouration. If their 
feathers and flesh are to some degree toxic to would-be predators, 
these could be further examples of avian Müllerian mimicry. On the 
other hand, if the birds are not toxic, then such examples could 
be  evidence of Batesian mimicry. Besides the pitohuis and 

1 https://en.wikipedia.org/wiki/Hooded_pitohui

blue-capped ifrit of New Guinea, other birds from other taxa and 
geographical regions are known to have toxic flesh as a result of 
sequestering toxins from their seed and insect diet. These include the 

FIGURE 1

(A-M): Left to right, from top: (A) Hooded Pitohui; (B) Goldfinch; 
(C) Great Spotted Woodpecker; (D) Great Tit; (E) Pied Wagtail; 
(F) Kingfisher; (G) Barn Swallow; (H) Eurasian Magpie; (I) Eurasian 
Nuthatch; (J) Eurasian Oystercatcher; (K) European Bee-eater; 
(L) Hoopoe; (M) Roller. Photo credit: (A) eBird,;Frédérick Pelsy 
(B) eBird, Eitan Altman; (C) Pixabay, Kurt Bouda; (D) Pixabay, 
Christiane; (E) Nature Spot, David Nicholls; (F) Pixabay, Timo 
Schlüter; (G) iStock, Trevor Jones; (H) NautreSpot, Barbara Cooper; 
(I) eBird, Santiago Caballero Carrera; (J) Pixabay, Mabel Amber; 
(K) eBird, Josep del Hoyo; (L) Pixabay, Harald Landsrath; (M) eBird, 
Rafael Merchante.
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cryptically-coloured European or Common quail, Coturnix coturnix 
(L.) (Korkmaz et al., 2011) and the Ruffed grouse, Bonasa umbellus 
(L.) of North America (Causey, 2020). Goldfinches consume seeds and 
feed insects to their young, whilst the diet of tits and wagtails is largely 
insectivorous. Herbivorous insects like caterpillars and aphids, the 
principal food of many small insectivorous Passerine birds, are known 
to harbour toxins from their plant-based diet (Opitz and Müller, 
2009). Cott (1947, p 489) considers these to be a likely source of some 
of the toxins found in distasteful birds.

In addition to the aforementioned European garden birds, other 
species may be displaying warning colouration related to Müllerian or 
Batesian mimicry, and like the Hooded pitohui and goldfinch, show a 
lack of sexual dimorphism in plumage colouration. In this light, the 
Eurasian kingfisher, Alcedo atthis (L.), Barn swallow, Hirundo rustica 
L., Eurasian magpie, Pica pica (L.), Eurasian nuthatch, Sitta europaea 
L. (Pallas), Eurasian oystercatcher, Haematopus ostralegus L., and the 
rare visitors to northern Europe, including the British Isles, the 
European bee-eater, Merops apiaster L., Eurasian hoopoe, Upupa epops 
L., and Roller, Coracias garrulus L. come to mind (Figures 1F–M). 
There are probably other gaudy species also that fit the category of 
noxious species, as Cott (1947) implies. Perhaps we just do not see it, 
but other animals do, notably would-be predators. These are suitably 
impressed enough, if only momentarily, to generally avoid these birds 
when they come across them, allowing the intended prey to escape. 
Certainly, the largely insectivorous hoopoe, which shows aposematic 
warning colouration in the form of contrasting black and white 
striped wings and tail, and a striking black and white-tipped orange 
crest surmounting its salmon pink head and upper torso (Figure 1L), 
is known to have anti-predator chemical defences in the nest. The 
uropygial gland of the incubating and brooding female produces a 
foul-smelling liquid, as do the glands of nestlings, these secretions 
being rubbed into the plumage. The secretion smells like rotting meat 
and is used to deter predators and parasites and possibly act as an 
antibacterial agent (Martin-Platero et al., 2006). The secretions stop 
just prior to the young leaving the nest (Fry, 2003).

Discussion and conclusions

An excellent pioneering insight into the edibility of different bird 
species was provided in the 1940s by Cott (1947). This concerned a 
4-year comparative quantitative study of the attractiveness and 
acceptability of the flesh, especially the breast meat, of a range of bird 
species inhabiting Egypt and the Lebanon, whilst the author was 
stationed out there in the military during World War 2. Most of the 
birds tested in the study (38 spp.) were directly shot. Their edibility 
was assessed by exposing the flesh of the various birds tested (a 
lump 5–7 mm. in diameter) to the predations of the Oriental hornet, 
Vespa orientalis L. (Hymenoptera: Vespidae), an omnivorous social 
insect. The number of insects attending the flesh over a given 5-min 
period was assessed visually and the data collated and represented 
both graphically and in tabular form (cf. Cott, 1947 for further details).

A major finding of this study was that there was a clear inverse 
relationship between edibility and visibility: the more cryptic 
species were generally more desirable to the hornets than the more 
visible species. The latter often appeared in broad daylight and were 
seen to display aposematic warning colouration to a greater or 
lesser degree, depending on the species concerned. To do this, Cott 

prepared a list of bird species vs. edibility (E), arbitrarily giving each 
species an edibility ranking of 1–20, where 20 was the most edible. 
Also, a list of species vs. visibility (V) with a ranking of 1–10, where 
10 was the most visible (see his Table LVIII, p. 414 and Figure 30, 
p. 437). He stated that visibility is in many ways dependent on the 
habitat that the particular bird species inhabits (desert, semi-arable, 
arable), some species of course showing severe habitat fidelity (e.g., 
those highly adapted species inhabiting deserts). Other brightly 
coloured species (e.g., Barn swallow, H. rustica), are seen to move 
between habitats, especially when water is present (oases, streams 
and rivers, etc.). Cott made the additional point that some visible 
species like the bee-eater are not so visible when they are seen 
against – say – a background of mixed vegetation, whist, as we now 
know, some birds have hues not necessarily visible to the human 
eye, i.e., ultraviolet (Cuthill et al., 2000; Withgott, 2000; see below). 
Lastly, he suggested that birds with pale underparts are actually 
showing a certain degree of crypsis as they move around the habitat, 
especially one assumes with the sky above them.

So the picture that emerges is generally clear, but with some level 
of variation associated with it. Certainly, some anomalies in the 
rankings are apparent. Of the aforementioned species inhabiting 
Europe as residents and tested by Cott (1947), i.e., Kingfisher 
(Mediterranean form); Barn swallow, Goldfinch Carduelis carduelis 
ssp. niediecki Reichenow (Middle-Eastern form), Great tit, Parus 
major ssp. terrae-sanctae Hartert. (Palestinian form), Pied (White) 
wagtail, or very occasional visitors from Africa, i.e., the bee-eater [Cott 
tested the closely related and colourful species, the Little bee-eater, 
Merops orientalis cleopatra (Nicoll)], and the closely related and 
similarly marked hoopoe subspecies, Upupa epops major (Brehm; 
Cocker and Mabey, 2005), these were found to have high V and low E 
rankings, respectively, as shown in Table 1. Although not directly 
tested in the various feeding experiments, he cites Neumann (1905) 
concerning the edibility of the Great spotted woodpecker, D. major, 
describing it as “coarse, and retaining some of the repulsive smell of the 
bird itself, even when roast, so that it does not make pleasant eating” (cf. 
p. 283 in Neumann, Band 4, pp. 432). Interestingly, one of the most 
edible of the 38 species tested by Cott was the Wryneck, Jynx torquilla 
(L.), a very cryptically-camouflaged species with a visibility and 
edibility ranking of V = 1 and E = 20, respectively. The odour and 
edibility of the nuthatch was not tested nor seemingly by other authors 
subsequently, and therefore awaits such investigation.

TABLE 1 Relative visibility and edibility rankings of birds assumed to 
display aposematic warning colouration and to have intermediate or low 
(bold numbering) edibility, as originally tested by Cott (1947).

Species name/
ranking

Visibility Edibility

Kingfisher 8 6

Barn swallow 9 6

Goldfinch 7 12

Great tit 7 10

Pied wagtail 8 9

Bee-eater 3 17

Hoopoe 9 4

Key: visibility ranking 0–10, where 10 = most visible; edibility ranking 0–20, where 20 = most edible. 
The intermediate or low edibility values are in bold type face.
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In a further series of experiments, edibility tests were performed 
with domestic cats, Felis catus L. and humans. In the case of cats, Cott 
(1947) states that (p. 455):

Neither the number of experiments carried out nor the number 
of species tested is sufficient to yield a detailed comparison 
between food preferences of cat and hornet. The available evidence 
does appear, however, to show a general agreement on the likes 
and dislikes of these two unrelated meat-eaters.

With humans, rather than direct tests of edibility, he cites various 
published sources. He concludes that:

When we turn to compare the preferences of man, cat and hornet, 
unfortunately the available evidence only covers seven genera, 
namely Chloris, Passer, Merops, Streptopelia, Parus, Upupa, and 
Ceryle – in which the same or closely allied species were tested by 
all three meat-eaters. It is a striking fact that in none does the 
evidence suggest a considerable difference in the edibility rating: 
this concurrence of taste appears all the more remarkable when 
found, as here, in three creatures so utterly differing in 
organisation and habits.

In a follow-up study performed in Zambia, Cott and Benson 
(1969) continued investigation of the relative palatability vs. visibility 
of birds using 200 species belonging to 57 families, tested using a panel 
of human volunteers. Many of these birds were “not normally eaten by 
man,” but again an inverse relationship was found between edibility 
and visibility. Interestingly, the authors noted that the palatability of 
the very visibly marked Lilac-breasted roller, Coracias caudatus L. was 
given a moderate value of 6.1 (range 2 = inedible to 9 = excellent), 
whereas its visibility was scored at 5 on a scale of seven grades ranging 
from 1 (highly cryptic) to 7 (highly conspicuous; Cott and 
Benson, 1969).

Lastly in this context, Götmark (1994) re-analysed Cott’s data and 
showed that in 30 South European passerines there was, irrespective 
of sex, a negative correlation between visibility/conspicuousness and 
edibility. Similarly, in 87 non-passerine birds from southern Africa, a 
similar trend was noted across species, including closely-related 
species. However, in 105 female passerines tested, also from southern 
Africa, visibility/conspicuousness were negatively correlated with 
edibility, but only significantly so in relation to conspicuousness. 
Conversely, male breeding plumage conspicuousness of these species 
was not negatively correlated with edibility in any analysis. Thus, in 
such sexually dimorphic species, visibility and conspicuousness may, 
in males, be  sexually selected, or signal other aspects of prey 
unprofitability rather than being related to edibility as such.

From these various studies and analyses, there is sometimes  
an obvious and clear negative association between visibility/
conspicuousness and edibility, whereas in other studies and tests, 
including using live raptorial birds and either stuffed prey species or 
their flesh, the correlation is not clear. Even so, on the basis that 
nothing in nature exists if it has not a purpose (or once had) à la 
Dobzhansky (1973), then an explanation for bright colours in sexually 
monomorphic birds needs to be found, or at least posited.

This is something that Weldon and Rappole (1997) have 
investigated further by asking field and museum ornithologists 
which bird species they considered odorous (from intact or 

skinned exemplars) or unpalatable (from cooked birds). Likewise, 
Dumbacher and Pruett-Jones (1996) review the available evidence, 
direct and apocryphal, as to the nature and extent of avian toxins 
amongst different bird species representing widely different taxa, 
which they duly tabulate in terms of their odour or palatability. 
These studies show that some of the aforementioned bird groups 
are malodourous or unpalatable, including species of woodpecker, 
kingfisher, tits and the Eurasian oystercatcher, the last having a 
very prominent black and white livery and a crimson bill, pink legs 
and feet (Neumann, 1905; Dumbacher and Pruett-Jones, 1996; 
Figure  1J). Empirical studies need to be  performed to test this 
hypothesis further and determine the chemical nature of the toxins 
involved for the various species. Very recently, Yeung et al. (2022) 
have reviewed the nature of the toxicity of some well-known 
poisonous birds, such as the pitohui and hoopoe, including the 
structure of the toxins themselves (cf. also Bartram and Boland, 
2001 and Ligabue-Braun and Carlini (2015) in this respect).

Of the aforementioned colourful, sexually monomorphic birds 
displaying aposematic warning colouration, what would be of further 
interest is to ascertain whether this is Müllerian or Batesian in nature 
(in this context, cf. Table 1 in Hedley and Caro, 2022). The fact that 
these birds fly and feed in daytime in full sight of would-be predators 
suggests that they do indeed possess a certain degree of toxicity. Birds 
such as the Goldfinch may not be especially toxic (according to Cott’s 
scale of edibility the species is intermediate; Table 1), but as with the 
harmless scarlet king snake, Lampropeltis elapsoides (Holbrook) of the 
eastern and south eastern USA, a Batesian mimic of the deadly coral 
snake, Micrurus fulvius (L.), it is a false aposematic mimic. Their 
plumage livery might be enough to deter many, if not most, predators, 
but not all (Unprofitable Prey Hypothesis, UPH; cf. Hedley and 
Caro, 2022).

Raptorial birds, including Eurasian sparrowhawk, Peregrine falcon, 
Falco peregrinus Tunstall, Goshawk, Accipiter gentilis (L.), Merlin, Falco 
columbarius L. and Hobby, Falco subbuteo L. are known to predate some 
or all of the following prey species: Goldfinch, Barn swallow, Great tit, 
Pied wagtail, Magpie and Great spotted woodpecker (Owen, 1932; 
Selås, 1993; Zawadzka and Zawadzki, 2001; López-López et al., 2009; 
Ivanovskij and Sidorovich, 2018). In the USA, the American 
Oystercatcher, Haematopis palliates Temminck, which has a similar 
livery to the Eurasians species, is predated by skunks and racoons and 
some larger birds, including raptors (Hardin, 2014). However, according 
to Uttendörfer (1939; cited in Cott, 1947), of 43,211 prey items taken by 
Eurasian sparrowhawk, only 5% comprised Great tit and 5% Barn 
swallow (cf. Cott, 1947, p. 491 for further details). In the case of the 
Eurasian magpie, a strikingly obvious diurnal feeder, it is rarely, if ever, 
attacked by the Sparrowhawk (Owen, 1932), but is regularly attacked by 
the larger Goshawk in urban areas of Germany (Rutz, 2004), Peregrines 
in Spain (López-López et al., 2009) and Common Buzzard, Buteo buteo 
(L.) in the northeast of Ireland (Rooney and Montgomery, 2013). As 
quoted in Cott (1947; p. 482), the flesh of the magpie as eaten by one 
person was described as being “pretty awful.” In a quantitative study by 
Götmark (1997) carried out in Scandinavia in which he tested stuffed 
Eurasian magpies and Eurasian jay, Garrulus glandarius (L.) susceptibly 
to attacks by Goshawk, he found the attack rate was similar, and overall, 
the tests suggested frequency dependent selection of the prey birds by 
the predator. The author concluded that the livery of Eurasian magpies 
is not aposematic in nature and that whilst it may increase the likelihood 
of predation, may instead favour sexual or social selection. Despite this 
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conclusion, the bird is very obvious, with a colour scheme normally 
associated with warning colouration in other animals like the Common 
European adder, Vipera berus (L.) and Striped skunk, Mephitis mephitis 
(Schreber) of North America.

In other experiments (Götmark and Unger, 1994) involving 
stuffed birds, in this case, Pied wagtail paired with cryptic Meadow 
pipit, Anthis pratensis (L.) and Great Spotted woodpecker paired with 
cryptic (brown) female Blackbird, Turdus merula L., the attacks by 
avian predators (mostly Accipiters and filmed with automatic 
cameras) on the wagtail and pipit were similar, whereas the blackbird 
were much more frequently attacked than the woodpecker. To test the 
palatability of woodpecker vs. blackbird, the authors also conducted 
experiments feeding flesh of these birds directly to captive falcons. No 
clear evidence was found that woodpeckers are especially distasteful 
to these particular avian predators. A stuffed bird is of course not 
supplying all the potential deterrents that a living bird may do, i.e., 
unpleasant odour and/or unpalatable or toxic flesh.

Perhaps, as with the North American Blue Jay, Cyanocitta cristata 
(L.) during a first encounter with the Monarch butterfly, Danaus 
plexippus (L.) (Lepidoptera: Nymphalidae), the larvae of which feed 
on Asclepias curassavica L. (Gentianales: Apocynaceae) which contain 
toxic cardiac glycosides (Brower et al., 1967), naïve predatory birds 
and mammals may initially attack such prey bird species. However, if 
these are too big to easily subdue or if subdued and eaten, have an 
unpleasant aftertaste or cause an unpleasant reaction, then the 
predator soon learns to avoid them. Conjecture yes, but then again, 
how does one account for such obvious livery and diurnal foraging 
behaviour of these colourful birds, which overtly display their presence 
in the landscape? Because both sexes show the same or largely the 
same bright plumage (e.g., Great spotted woodpecker), this is probably 
not for purposes of sexual display and reproduction (Loxdale, 2022). 
Therefore, it does not involve a trade-off between negative selection 
incurred by predators due to the visibility and “showiness” of the male 
vs. crypsis and greater survival of the female, as seen in sexually 
dimorphic birds like the Common Chaffinch, Fringilla coelebs L. and 
Eurasian Bullfinch, Pyrrhula pyrrhula (L.) (cf. Götmark, 1993 for 
conflicting experimental evidence for this assumption).

Other aspects of interest when considering the putative palatability 
– or not – of the aforementioned colourful bird species is whether they 
are universally toxic to would-be predators, or only to some of them, 
which may have evolved a certain tolerance to the innate toxins. 
Besides the fact that different species of raptor have different food 
preferences and diet breadth, even known noxious birds such as the 
hoopoe are predated by some raptors in some locations (e.g., Peregrine 
in eastern Spain; López-López et al., 2009). The fact that the Eurasian 
Magpie, whilst being shunned by many predatory birds, is taken by 
Buzzard, Goshawk and Peregrine, perhaps relates to the fact that these 
are larger than the Sparrowhawk and can thus subdue it more easily. 
It is also possible that the prey is not uniformly toxic, and the predator 
selects the flesh that is less so, or they have become tolerant to the 
toxins the species contain, as has the Peregrine to those harboured by 
Hoopoe. The abundance of potential prey (availability) must also play 
some part in whether or not a particular predator is likely to tackle a 
given prey species, as shown experimentally in other predator–prey 
scenarios (Blouin, 1990; Marples, 1993; Hossie et al., 2021).

That we see the birds, the topic of this article, as very obvious 
within the environment, also does not mean that they are universally 
seen as such. For a start, as aforementioned, birds can see into the 

UV spectrum, which means that their perception of these colours 
and hues may be somewhat different than those we humans or other 
mammals/animals perceive. Furthermore, with any discussion 
concerning aposematically coloured animals vs. cryptic ones, this 
has to be  seen in context to the habit they are living in, in turn 
affected by environmental conditions of habitat complexity, 
prevailing light conditions and weather/climate. Thus for example, 
it is known that distance-dependent factors are associated with the 
perception of putative prey by would-be predators (Barnet and 
Cuthill, 2014; Barnett et al., 2018). There are in addition, trade-offs 
between prey obviousness in terms of aposematism (and hence the 
possibly of predation by naïve birds) and crypsis, such that an 
intermediate state is found to be adaptively favoured (Tullberg et al., 
2005 in the case of swallowtail butterfly larvae, Papilio machaon L.). 
In further support of this idea, Loeffler-Henry et al. (2023) suggest 
that species (here amphibians) also display an intermediate stage 
between crypsis and bright colouration involving facultative 
exposure of concealed colours (e.g., under the belly) when attacked. 
In this way, they gain the best of both worlds in terms of crypsis and 
warning defence. Ultimately, however, if the selective pressure is 
great enough, the costs of producing full-on warning colouration, 
perhaps with concomitant changes in warning behaviour, must 
outweigh the intermediate strategy in terms of adaptive and hence 
survival strategy.

Another aspect worthy of consideration is the variation in the 
toxicity of the prey and how this might affect predation. Speed et al. 
(2012) argue that over the course of the evolution, toxin variation is of 
adaptive significance and depends on the dose of toxin borne by a 
particular species geno-phenotype in relation to their abundance in 
the population, hence leading to the frequency-dependent selective 
response of predators. In a similar vein, Endler and Mappes (2004), 
using mathematical modelling, explore the effects of predators on prey 
in relation to frequency-dependent, frequency-independent, and 
negative frequency-dependent predation. Their main conclusion is 
that “weak signalling of aposematic species can evolve if predators vary 
in their tendency to attack defended prey,” again presumably in relation 
to the cost benefits of producing the toxin with accompanying 
warning signalling, chemical and behavioural. Less effort in 
responding to predators in terms of signals/signalling may also 
be adaptively advantageous.

Certainly, in the case of the presently discussed colourful birds, 
the fact that they are predated by some of the common bird predators 
like sparrowhawk and goshawk, despite showing clear aposematic 
warning coloration, argues that these particular predators, especially 
naïve ones, may indeed be  functioning on a frequency-depended 
basis. Over time, they learn of the non-profitability of such prey, and 
avoid them, If this were not so, why do such bright warning colours 
persist, suggesting that they have been positively selected over the 
course of evolution. This does not help much in determining whether 
such colouring really is Müllerian or Batesian in nature, but probably 
it is the former, a broad warning signal, as with venomous wasps and 
bees. If it were Batesian, then models would have to be identified, and 
none are obvious.

An additional factor to consider in the context of the attack vs. 
avoidance of aposematically-coloured birds includes social learning. 
Thus individuals of conspecific/congeneric predator species, or even 
those of very different taxa, rapidly learn of the effect on their fellow 
predators when these attack a particular kind of prey, e.g., discarding 
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the prey or, if eaten, vomiting it up shortly afterwards (Hämäläinen 
et al., 2020), as in the Blue Jay/Monarch butterfly scenario.

Lastly, in all discussion of the obviousness of a potential prey item 
within its habit, aspects of habitat matching and/or disruptive 
coloration must be considered (Cott, 1940). This topic is discussed by 
Stevens and Merilaita (2009), who revise earlier categorisations, 
especially by Thayer (1909) and Cott (1940), and re-assesses the range 
of principles and sub-categories that govern the phenomena involved 
(cf. Stevens and Merilaita, 2009 for details; also Honma et al., 2015 
and Kang et al., 2015). Only in light of these various factors and 
influences can the true nature of the colourful livery of the birds 
be more fully understood.

In conclusion, the available evidence strongly suggests that some 
familiar European birds are displaying aposematic warning colouration 
and as such, may be noxious-toxic to would-be predators, although this 
is not to say that naïve birds may initially predate them, but learn to avoid 
them in future. The mimicry could well be Müllerian in nature, i.e., a 
broad warning signal, but may also be a ruse to some extent (so-called 
“cheats”; Speed et al., 2012), as in the case of the Goldfinch, possibly 
making some predators (but clearly not all, i.e., some Accipiters) wary of 
attacking the bird in the first place. If this is so, the gaudy livery, rather 
than being of no purpose, and apparently not involved in sexual selection 
by the female since both sexes share the same or nearly the same livery, 
argues that the plumage colouring is of selective advantage (Endler and 
Mappes, 2004; Speed et al., 2012). It is unlikely, but not impossible, that 
in some species with low toxicity status, the mimicry is Batesian in 
nature, but what the exact model might be remains conjectural.
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