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In the supplementary material, the authors would like to make a preliminary statement to better understand the mathematical analyses carried out in this project. In order to have an analysis as complete as possible and to be able to see any variation over time, all the mentioned categories (provenance, age, museum quality, etc.) were analysed for these groups: ammonites, chondrichthyans, dinosaur and plants. The authors decided to analyse these groups in particular for a number of the following reasons: ammonites are the most auctioned invertebrate fossils, chondrichthyans are the most auctioned vertebrate fossils, dinosaurs are not the most auctioned fossils, but they are the ones that generate the greatest financial gain from their sale, and, finally, plants were chosen for the sake of completeness. 

Systematics identification.
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Fig. S1. Percentage occurrence of genus (blue) and species (orange) over 12 years, with data from auction site Catawiki (C.2022): a. ammonites; b. chondrichthyans; c. dinosaurs; d. plants. 

· Ammonites. 
As far as ammonites are concerned, looking at the individual data shows an increase in the number of specimens identified with genus and species, with a peak in 2017 and a recovery from 2021. On the other hand, if we compare the data taken as a percentage of the fossils auctioned, we can see a slow decrease in the indication of genus, whereas there are two drastic decreases in the indication of species in the period 2017-2020 and in 2022 (fig. S1a). 
Trying to get an overview of genus and species identification in ammonites, we can say that the total of unidentified fossils is 16%, that of fossils identified by genus alone is 46%, and that of fossils identified by genus and species is 38%. Similar values are obtained when Catawiki or OAH auctions are analysed individually.

· Chondrichthyans.
52% of the chondrichthyans have both genus and species information. Only 19% of the fossils auctioned have no indication of genus or species, whereas if we look at this figure only for the Catawiki auctions, it rises to 33%, whereas it is low if we analyse only the OAH (9%). There is also a relevant difference between Catawiki and the other auctions when it comes to the indication of the genus only, where it is 6% for Catawiki and 50% for the OAH. 
As far as the chondrichthyans are concerned, they show a regular trend for the genus indication, which starts to decrease steadily from 2020 onwards, whereas the species percentage shows an unstable trend, ranging from years with 100% species indication (2010, 2011, 2019) to years with less than 40% species indication (as in 2013, 2021 and 2022 with only 12% species indication) (fig. S1b). If we were to analyse only the number of fossils auctioned by genus and species, without analysing the percentages, we would see a huge gap separating the two pieces of information from 2020 onwards. In this case, Catawiki is very different from the OAH in the percentage of genus (only 67%), whereas it has a higher percentage of species than the OAH (61% against the 12% mentioned above).
 
· Dinosaurs. 
As far as dinosaurs are concerned, the genus indication has remained constant at 90% since 2019 (fig. S1c), whereas the species indication (with the exception of 2011) has never exceeded 56%. The total number of unidentified fossils is 16%, that of fossils identified by genus alone is 29%, and that of fossils identified by genus and species is 57%. The values for unidentified fossils are similar if we look at OAH and Catawiki separately, but if we compare the single genus indications are much lower in Catawiki (15%) than in OAH (39%), and consequently we have more fossils indicated with both genus and species in the Catawiki auction house (62% vs. 44% in OAH).

· Plants. 
The total percentage of unidentified plant fossils is 23%, those identified by genus only 52% and those identified by both genus and species 25% (Fig. S1d). In this case, it is pointless to make a comparison between the exclusive fossils of Catawiki and the exclusive fossils of OAH, because all the values are around these figures. 
Comparing the genus and species percentages of the fossil plants, we can see that, as far as the genus is concerned, there is an increase until 2015, after which the percentage remains between 90 and 70%. On the other hand, the percentage of species is much less constant, with a maximum in 2016 and a minimum in 2019. 


Geographic origin.

· Ammonites. 
A much more complex analysis can be made with regard to the group of ammonites (fig. S3a). In particular, we can see a variation of localities over time. In the graph we can see that the percentage of auctioned ammonites from the African continent is gradually increasing, whereas the percentage of auctioned ammonites from North America shows a significant growth until 2015, and then a steady decrease. The case of ammonites from the European continent (mainly British and French), on the other hand, shows a pattern of periodic increase and decrease. In this particular graph, South America and Oceania are not shown because they had a 0% share of fossils auctioned. There is no significant difference between the data that can be obtained from the individual analysis of the OAH and the data obtained from the Catawiki.

· Chondrichthyans. 
The area where the chondrichthyans come from most is Asia (55%), North America (30%) and Africa (6%) (fig. S3b). 
Looking at the OAH, the area where the chondrichthyans come from most is North America (81%), where fossils from Wyoming (such as stingrays) or megalodon from Florida and California are the most popular item. However, in a single year Catawiki auctioned more Asian megalodon teeth (913) than all North American fossils from both the OAH and Catawiki itself (524). Asian fossils are also present in the OAH (12%), but not in a percentage anywhere near that of Catawiki (78%). Leaving this detail aside, looking at the percentage trend of the annual auctions, it is possible to see that the number of North American fossils auctioned decreases from 2020 onwards, whereas fossils from Africa and Asia increase.
It is interesting to note, however, that 8% of the fossils do not have a location (the fossils from Catawiki have a location, albeit approximate, for 98% of the fossils, whereas for the fossils auctioned by the OAH it is 77%).
 
· Dinosaurs. 
It might also be possible to see the same geographical disparity once again if we look more specifically at the group of dinosaurs. Of the total, almost 3% have no indication of location. Looking only at the number of fossils auctioned, we can see that the number of fossils from North America is increasing exponentially trough time (fig.S2), and that the number of fossils from Africa is also increasing. However, if we look at the averages compared to the dinosaur fossils auctioned in each year, it could be see that fossils from North America are still the most present, but they experience a decrease from 2019 onwards, whereas dinosaurs from Africa (after a peak in auction in 2015) remain at a constant percentage (between 15 and 25%, excluding 77% of the data from Catawiki alone) (fig.S3-c).
To get a complete picture of the situation of Catawiki dinosaurs, it should be noted that of the total number of dinosaur fossils auctioned, 45% are Spinosaurus remains (198), followed by Carcharodontosaurus (144) both from Africa and Tyrannosaurus (61) from USA. These fossils, whether complete or just teeth, dominate auctions probably thanks to the media impact they have through films and documentaries. Interestingly, at least half of the fossils are carnivorous dinosaurs (and therefore somehow aggressive), whereas the rest are herbivorous dinosaurs, coprolites (of carnivorous or herbivorous dinosaur), processed or unidentified material (of unidentified dinosaurs). 
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Fig. S2. Graph showing the percentage of provenance of fossils auctioned over time, without the data collected by the Catawiki auction house.


· Plants.
Only the 4% of the total of fossils do not have even a vague indication of provenance (mostly from OAH) (fig. S3d). Most of the fossils come from North America (19%, mainly fossilised wood from Arizona and plants from Wyoming), Asia (29% Indonesian wood) and Europe (21%). Looking only at Catawiki, the percentage changes: Asia 48%, Europe 19%, Africa 10% and North America only 4% of the item. When analysing the percentage of fossils auctioned year by year, North American fossils stand out, remaining constant in a range of 60-80%, whereas fossils from Africa and Europe remain in a range of just under 10% and 20%.
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Fig. S3. Percentage of locality of fossils auctioned over time, with the data collected from the Catawiki auction house (C. 2022): a. ammonites, b. chondrichthyans, c. dinosaurs, d. plants.


Type of preservation. 

· Ammonites.
The auctioned ammonites have mainly a 3D preparation (74% of the total), followed by some ammonites prepared on slab (19%). The analysis of the OAH does not show great differences compared to Catawiki, only a higher percentage of fossils on slab (29% instead of 15%), but, in any case, the 3D preparation is the main one.
The percentage of fully extracted fossils fluctuates over the time but still dominates all others, while slab preservation is decreasing, with a peak of ammonites preserved on matrix in 2022 (Fig. S4).
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Descrizione generata automaticamente]Fig. S4. Graph showing the percentage of different types of preservation of ammonites auctioned over time, specifying the data collected by the Catawiki auction house (C. 2022).

· Chondrichthyans. 
The auctioned chondrichthyans have mainly a 3D preparation (92% of the total), followed by some fossils on slab (5%) and someone on incoherent matrix (3%). 
At the OAH, 3D preparation occurs in 86% of the traded items, followed by some fossils on slab (11%) and some on incoherent matrix (3%). As for Catawiki we have 95% of 3D preparation, followed by 3% of fossils on incoherent matrix and some fossils on slab (2%).

· Dinosaurs.
Looking at the case studies, as far as dinosaurs are concerned, the main preservation is in 3D, whether we analyse all the data together or work separately on the data from the Catawiki auction house. There is also a trend towards an increase in the number of uncomplete dinosaur fossils sold at the OAH compared to complete ones (fig. S5). The only realistic variation that can be seen when analysing the Catawiki data is the presence of fossils in amber: in this case it is feathers preserved in amber that are indicated as probably belonging to dinosaurs.
Looking at the evolution of the dinosaur fossils auctioned, there is a huge disparity between the incomplete ones (the majority) and the complete ones, over the whole period: the complete dinosaurs auctioned represent only 3% of the total, whereas the partial ones represent 97%. In this case, the difference between OAH and Catawiki may not seem important numerically, but it is for the purpose of a comprehensive study of this type of sale. The complete dinosaurs auctioned by OAH are 9%, whereas those auctioned by Catawiki are only 1%.

Fig. S5. Complete and uncomplete dinosaur auctioned over time, without the data collected by the Catawiki auction house.


· Plants. 
As far as the preservation of the plants is concerned, nearly all the fossils are preserved on slabs and 3D prepared. The latter, grew strongly at the beginning of the analysed years and remained constant in the years between 2018 and 2022. 3D preserved plants are mostly represented by fossilised wood and fruits. In terms of slab finds, we can mention the large number of finds from Wyoming (mainly palms, but also other genera).


Quality museum, fake, worked material and other aesthetic characters. 
Looking specifically at the other groups, the changes in museum quality are not all occurring in the same way and at the same time. For ammonites (fig. S6a), there is a decline in quality from 79% to 61% between 2013 and 2016, followed by a recovery to a peak of 98% in 2019, and then another decline to a low of 42% in 2022.
For chondrichthyans (fig. S6b), the trend is not linear. There is an initial decline with a negative peak in 2014 with only 43% of fossils of museum quality, followed by a growth to 2019 with a museum quality of 90% and a collapse to a low in 2022 with only 19% of fossils of good quality. The museum quality of chondrichthyans for Catawiki is around 35%. For dinosaurs (fig.S6c), quality dropped dramatically from 2011 (when all dinosaurs were of museum quality) to a low point in 2015, when only 43% of fossils were of museum quality, and then fluctuated between 70% and 40%. The auction house Catawiki has the lowest percentage of museum quality fossils for dinosaurs (41%). The historical trend in museum quality for plants (fig.S6d) is much more constant. Always above 50% (with the exception of 2011), it shows a slight decrease between 2017 and 2020 and then increases again. The museum quality of plants traded by Catawiki auction house is at 59%.
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 Fig. S6. Percentage of museum quality fossils through the years, specifying the data collected by the Catawiki auction house (C.2022). a. ammonites, b. chondrichthyans, c. dinosaurs, d. plants.

Among dinosaurs, only 45% of the fossils have been manipulated (on OAH it is 8%, and on Catawiki 2%). Other very low values are found for the chondrichthyans, of which only 2.25% of the fossils have been manipulated (OAH 5%; Catawiki less than 0.5%). A closer look, also in terms of time, must be taken at ammonites and plants. Among the ammonites (fig. S7a), there is a high rate of worked material (for example, polished for aesthetic purposes, like interior design or jewellery): out of the total we speak of 48% (where for Catawiki it is 55% and for the OAH it is 19%). It is not possible to detect a constant trend: we have peaks of maximum 57% (for the years 2014 and 2016) with as many peaks of lower % (26% in 2015, 30% in 1018 and 22% in 2021) to increase again in 2022. As for the specimens, 62% were polished. Comparing the two auction groups, Catawiki has 53% polished fossil, while OAH has 71%. For fossil plants is no constant trend (as already mentioned for ammonites), but the range of variation is between 50 and 95%  (fig. S7b), in which case there seems to be a decrease in worked material from 2017 onwards, with a recovery from 2021.

[image: ]
Fig. S7. Percentage of worked material over time specifying the data collected by the Catawiki auction house (C. 2022): a. ammonites, b. plants


Number of items offered and sold per year.
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Descrizione generata automaticamente]Fig. S8. Percentage of a. ammonites, b. chondrichthyans, c. dinosaurs, d. plants on total fossils auctioned over time, with the data collected by the Catawiki auction house (C.2022) (the dotted line is the modal average).

· Ammonites. 
65% of ammonites was sold in the 12 years range-time. The unsold fossils are certainly due to the large number of unsold fossils on the Catawiki auction house, which is almost equal to the number of ammonites sold over the 12 years analysed by OAH. In fact, if we analyse all auctions excluding Catawiki, the unsold fossil rate is only 14%, and if we analyse only Catawiki's data, the unsold fossil rate is 46%. 
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Descrizione generata automaticamente]There is a fluctuating increase in the number of fossils auctioned (excluding the Catawiki auction house, fig. 9). 

Fig. S9. Number of ammonites auctioned over time, without the data collected by the Catawiki auction house (the dotted line is the modal average). 

However, if we look at the percentage of ammonites auctioned (fig. S8-a) compared to the fossils auctioned in the same year, their quantity is decreasing over time until 2021, with a slight upturn in 2022 (mainly thanks to Catawiki listings). Catawiki auctions far more ammonites in a single year (996) than all the ammonites auctioned by the OAH in the decade analysed (82).

· [bookmark: _Hlk158969328]Chondrichthyans. 
Looking at chondrichthyans, analysing both the actual number of fossils auctioned and the percentage based on the total number of fossils auctioned (fig. S8-b), there is a constant situation until 2019, an all-time low in percentage (4%) which is the almost all-time low in actual number of fossils auctioned (the only two years with lower values are 2010 with only 8 fossils and 2011 with 10 pieces). However, after the large negative peak in 2019, there is a sharp increase in the number of chondrichthyan fossils auctioned, with the highest value in 2022 (29% of the total). However, if we compare the percentages of the OAH with those of Catawiki (fig. 19c), only 18% of the fossils auctioned by Catawiki are chondrichthyans (in contrast to the OAH). 
When analysing the chondrichthyans, the number of unsold fossils is very low (29%), less than a third of the total (fossils sold 71%). As in all the other analyses, the number of chondrichthyan fossils auctioned by Catawiki is even twice as high as the number of fossils auctioned by OAH (but the number of unsold fossils is much higher, 31% instead of 13%).

· Dinosaurs. 
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Descrizione generata automaticamente]The growing number of dinosaur skeletal elements and whole skeletons being auctioned (from only 9 fossils in 2010 to 82 in 2022, excluding Catawiki, fig. S10). 

Fig. S10. Number of dinosaurs auctioned over time, without the data collected by the Catawiki auction house. The dotted line is the modal average.
Although in the actual number of fossils sold a steady growth, increasing rapidly since 2020, as for all fossils, by analysing the percentages of dinosaur fossils auctioned in relation to the total the maximum peak occurred in 2013, with the lowest peaks in 2012 and 2014, and then continued with rapid growth (fig. S8-c). 
As for unsold fossils, when analysing the total, they account for 23%, most of which are fossils not sold by the auction house Catawiki. In fact, of the total fossils sold by OAH, only 5% remained unsold.
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Descrizione generata automaticamente]The number of fossils auctioned tends to increase over time, as does the number of dinosaur fossils auctioned (fig. S11). Although the latter are still a tiny fraction, they bring in most of the revenue for the auction houses.

Fig. S11. Number of fossils auctioned over time, comparing auctioned dinosaurs with other fossils (in the graph with different colours), without the data collected by the Catawiki auction house.

· Plants. 
Over time, we can see a peak in sales of fossil plants in 2017 (102 fossils plant auctioned, the 27% of fossil auctioned that year). In 2018, there is a drastic drop and then steady growth in the following years. However, if we look at the percentage of fossils auctioned in relation to the total, we can still see a peak in 2017, but then there is no upturn, the percentage of fossils auctioned continues to fall (fig. S8-d). In fact, when looking at auction houses excluding Catawiki, the year with the lowest number of plants auctioned was 2022 (only 10%, a similar situation to 2012 and 2013).
Speaking of plants in general, only 23% of the total remained unsold. There is a huge disparity between the fossils auctioned by Catawiki and those auctioned by OAH. Whereas Catawiki's unsold fossil rate is 27%, the rate for the OAH is only 7%. Remarkably, over a 12-year period, 518 fossils were sold by auction houses, whereas 615 fossils were sold by Catawiki in a single year. 

Prices and estimations 

· Ammonites 
19% of the ammonites auctioned were unsold, and 20% had no estimate (although it should be noted that fossils with no estimation were all from the Catawiki auction house). The percentage of fossils sold for an amount below the low estimate is 19%, whereas that sold above the high estimate is 9%. This information must also be seen in relation to the two groups of auction houses: Catawiki offered twice as many fossils sold for a price below the low estimate compared to OAH, and the sales that fetched a price above the high estimate are practically only those made by OAH. Finally, 18% of the fossils (mostly from the OAH) realized a price within the estimation range.

· Chondrichthyans
35% of chondrichthyans auctioned were unsold, and 15% had no estimate (although it should be noted that fossils with no estimation were all from the Catawiki auction house). Fossils sold below the low estimate represent 27% of the total, whereas those sold above the high estimate are 5%. Catawiki has three times as many fossils that fetched a price below the estimate range, compared with OAH, and the fossils sold for an amount above the high estimate are practically only those auctioned by OAH. Finally, 18% of the fossils (mostly from OAH) were sold for an amount that falls within the estimated range.

· Dinosaurs 
Dinosaurs are the type of fossils with the highest number of auctioned items without estimation (30%, all from Catawiki) and with 23% of the total auctioned items unsold. 18% of the auctioned dinosaur fossils were sold at a price below the low estimate while those sold above the high estimate is 8%. Catawiki has five times as many fossils sold for a price below low estimate compared to OAH, and the number of dinosaur fossils sold above the high estimate are mostly from OAH. Finally, 21% of the fossils sold at auction (almost all of them from the OAH) fall within the estimates range.

· Plants 
In the case of plants, 23% of the fossils auctioned remained unsold, and 22% had no estimate (although it should be noted that fossils with no estimation were all from the Catawiki auction house). Plant fossils sold at a price below and above the estimated range equally amount to the 16%. Catawiki has twice as many fossils sold below estimation compared with estimation did by OAH, and the majority of fossils items sold above the estimate are from the OAH. 21% of the plant fossils that were auctioned (almost all of them from the OAH) were sold for an amount within the estimates range.
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