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Realizing the Promise of DELTA

In mathematics, physics and chemistry 
the delta symbol (Δ or δ) is used to 

represent a variable whose value has 
changed. Although we have created a 
group t i t le for which DELTA seems a 
reasonably accurate acronym – Deep-
time Earth and Life Transnational Alliance 
– I prefer to believe the symbol’s use as 
marker of change is closer to the DELTA 
initiative’s spirit. Conceived originally as a means to support and 
enhance graduate student research projects via the provision of 
resources for international travel and training by leaders in a wide 
range of paleobiological disciplines, it’s difficult to imagine a more 
appropriate, or potent, personification of change than a graduate 
student. In a few all-too-brief years the young people we advise 
are expected to negotiate the transition from being freshly minted 
geologists with a broad earth-science background after (arguably) 
two years of general training, to being a research professionals with 
an array of highly specialized skills along with solid experience in 
the conceptualization, management and delivery of a substantial 
research project behind them. This is nothing less than an audacious 
objective that, if truth be told, most graduate students have little idea 
how to accomplish, or even if it can be accomplished, when they 
begin their graduate student journeys. Change is not merely the 
anticipated outcome of such an undertaking, it is its core requirement.

But the DELTA program aspires to much more than facilitating the 
educational, and the personal, changes that come inevitably from 
setting out a journey you’re not sure you’ll be able to complete. 
DELTA seeks to address one of the most common sources of 
insecurity and apprehension that plague those who travel this road; 
the suspicion that, however well qualified one’s primary supervisor 
might be, and however well endowed an earth-science department 
might be in terms of its staff and facilities, there always are – and 



are – and always will be – resources, expertise, equipment and insight the student would benefit from having access to, 
but that cannot be provided by any single institution. I recall how this deficiency effected me during my own days as a 
graduate student and suspect many of DELTA's more senior members possess similar memories. When I was a graduate 
student nothing like DELTA existed. So we had to make do with what we could manage on our own in terms of acquiring 
advice and instruction from outside our local academic community. DELTA is unlikely to be able to remove these barriers 
and apprehensions entirely. But I’m confident that, if exploited to its full potential, the DELTA program will make significant 
strides toward improving the education and training of our graduate students by addressing these all-too-real concerns. 

And what of the research itself? It should come as no surprise that, over the last two decades, scientific research 
in general, and paleobiological research in particular, has taken on an increasingly collaborative, interdisciplinary 
and international character. While major, single-authored research articles have not disappeared entirely, a glance 
down the table of contents of any of our field's leading journals will provide evidence as to just how rare these are 
now. My own interpretation is that this trend exists because the paleobiological research community has become 
interested in questions that simply are too large to be tackled by single researchers. A team-based approach is 
increasingly necessary and facilitating the creation of these teams – transitioning from making their creation the 
rule rather than the exception – is also what DELTA is about. DELTA is not limited by research topic, organismal 
group, or time interval any more than it’s limited by the geographic locations of its members. I see no reason why 
any and all of these research-scope limitations can, and will, be transcended (routinely) in the context of DELTA.

DELTA can provide the means by which we, collectively, can change the way we train our students, the way 
we address the needs of their research projects and, indeed, the way we all not only do, but conceptualize, 
paleobiological research. Nonetheless, what DELTA can’t do is take us out of our own personal comfort zones. 
DELTA can provide the opportunity to explore new topics, utilize new approaches, and engage with research 
in new ways. But DELTA cannot make that exploration, utilization and engagement happen. Only we, as 
individuals, can do that, through the decisions we make, the priorities we set, and the manner in which we 
incorporate DELTA's objectives into our own project-design, student-advising and personal research priorities. 

In this way DELTA represents an experiment. We can build DELTA into something that is much more than the sum 
of its parts. I’ve seen it happen with other initiatives and so have some of you, albeit nothing with such a broad 
international scope and realistic potential for long-term, stable funding. Or, we can take the resources on offer 
through DELTA and keep doing things the way we’ve done them up to now; the way we’re used to doing them, 
conformable with, and the way we know works (kind of). The potential is there. The question is what we are going 
to do with that potential? How are we going to embrace the change DELTA offers each of us? To what extent will 
we allow DELTA to change our students, our research and, indeed, ourselves? We’re at the beginning of DELTA. 
Let’s not allow ourselves to become so distracted with everything else that’s happing in our research groups, our 
institutions, and our world that we miss out on realizing, and taking advantage of, all changes DELTA can bring.

Norm MacLeod
2022.6
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Bristol Research Group

The University of Bristol was founded in 1909, but it 
grew from a University College that had been founded 

in 1867, and geology was taught as a distinct subject from 
the start. Unusually for Europe at the time, women were 
admitted to all courses at Bristol on an equal status to 
men.

The study of palaeontology 
has always featured at Bristol, 
w i th  many d is t ingu ished 
palaeontologists on the staff 
over the years, including 
W i l l i a m  S o l l a s ,  S i d n e y 
Reynolds, Arthur Trueman, 
S t a n l e y  S m i t h , W a l t e r 

Whittard, and Bob Savage. I joined the staff in Bristol in 
1989, sharing palaeontology teaching with Derek Briggs. 
After he moved to Yale University, Phil Donoghue was 
appointed, then Emily Rayfield, Dani Schmidt, Jakob 
Vinther, Davide Pisani, and John Cunningham. We teach 
the Masters in Palaeobiology degree, which I founded in 
1996, and from which 500 students have graduated. Each 
year, 25–30 students attend the MSc course, and we have 
about 20 PhD students (including many from China), and 
10–15 postdocs and research fellows, making a total of 70 
palaeontological researchers in Bristol at any time. More 
details are here: http://www.bristol.ac.uk/earthsciences/
research/palaeobiology/.

We currently work on three themes that relate to the aims 
of DELTA, (1) biodiversity through time and fossil record 
accuracy; (2) mass extinctions; and (3) phylogenetic and 
other modelling approaches to macroevolution.

Mike Benton has worked on large databases and other 
palaeontological approaches to understanding the history 
of biodiversity through time. Back in the 1980s and 1990s, 
when most focus was on the history of life in the oceans, 
he helped shift the focus to include the terrestrial fossil 

record, arguing and trying to demonstrate that in some 
or many cases, the data are good, and dating can be 
excellent (although of course this is not always true). 
These interests opened up long-running discussions about 
the quality of the fossil record in general, and two widely 
divergent viewpoints emerged: one (Raup, Alroy) was 
that the fossil record data are so full of error and bias that 
they are problematic as a source of evidence to estimate 
biodiversity through time. The other view (Sepkoski, 
Stanley, mine) has been that the data are riddled with 
error, but that they do provide broadly the correct picture 
of the history of life.

There have been three responses to the tension between 
data and error in the fossil record: (1) try to find an 
external yardstick of sampling, but so far this has been 
unsuccessful; (2) identify a method to ‘correct’ the data, 
but such methods have also been controversial; (3) 
conduct studies at regional, not global, scale, to account 
for geographic heterogeneity; and (4) find another way 
to reconstruct an error-free history of biodiversity through 
time.

In recent work, the Bristol group has worked with climate 
modellers and carbon cycle modellers to develop a 
model for the history of life in the oceans based around 
how temperature and productivity generate biodiversity 
hotspots. The model was run for 550 million years using 
the latest palaeogeographic maps, and the outcomes were 
tested against the present day. The model passed the test 
by showing the distribution of hotspots and estimates of 
global marine biodiversity agreed with the data. Overall, 
the study, soon to be published, confirms that the raw 
fossil record data do in fact give a good documentation 
of the history of life, and some of the attempts to ‘correct’ 
the raw data have actually generated signals that are 
further from the truth than the uncorrected data. The 
models further suggest that the best understanding of the 
evolution of the history of life has been that biodiversity 
has broadly followed an exponential model rather than an 
equilibrium or sigmoid model.

MEET OUR TEAM 2.0
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Triton, a new species-level database 
of Cenozoic planktonic foraminiferal 
occurrences

Isabel Fenton & Erin E. Saupe

Planktonic foraminifera 
are small  unicel lular 

o r g a n i s m s  t h a t  o c c u r 
th roughou t  the  wor ld ’s 
oceans. They have calcitic 
shells (or tests) that consist 
of multiple chambers added 
sequentially as the individual 
grows (Fig. 1). On death, 
these tests sink to the ocean 
f loor where they form a 
significant part of the ocean 
sediment. For the past fifty 
years, a series of cruises 
have aimed to sample this 
sediment via drilling. Many of 
these drilling projects have 
recorded the foraminifera 
found; consequently, records 
of planktonic foraminiferal 
f o s s i l s  a r e  a b u n d a n t , 
part icular ly through the 
Cenozoic. 

With Triton, our aim was 
to bring these disparate 
records together in such a 
way as to make them easy 
to search and use. Previous 
attempts to do this focussed 
on a subset of drill holes 
(e.g. Neptune), or did not 

try to harmonise the data (e.g. Pangea). In Triton, all 
species records have been updated to reflect the latest 
taxonomic knowledge, and the ages have been converted 
to the 2020 Geological Time Scale. With almost half a 
million records, Triton includes nearly five time as much 
foraminiferal data as the previous largest database, 
Neptune (although Neptune also includes several other 
microfossil groups). The largest equivalent macrofossil 
collection, Cenozoic bivalves in the Paleobiology 
Database, is represented by only 80,000 specimens. 

Triton only includes records from the Cenozoic but 
covers a wide range of latitudes and time periods during 
this time span (Fig. 2). The scale of this database offers 
many opportunities to answer a wide range of questions 
across a variety of topics such as ecology, evolution, and 
geochemistry. 

More details about the creation of Triton, and how to 
download the database, can be found in our paper: 
Fenton et al (2021) Triton, a new species-level database 
of Cenozoic planktonic foraminiferal occurrences. 
Scientific Data 8, 160.

Figure 2. The spatial and temporal distribution of Triton data, using 1 Ma age bins and 5 
degree latitudinal bins.

In terms of mass extinctions, Bristol-based researchers 
are working on the Permian-Triassic event in China, 
Russia and elsewhere. A particular focus has been on the 
terrestrial fossil record, and especially that of vertebrates. 
We are also working on the end-Triassic extinction, and 
the newly formulated Carnian Pluvial Event. There are 
some further details of our earlier work on the Permian-
Triassic mass extinction here: https://permotriassic.blogs.
bristol.ac.uk/.

In phylogenetic and other computational approaches to 
macroevolution, we are interested in a variety of well-
documented large phylogenetic trees, and a range of 
questions, including the balance between innovation 
(= evolutionary novelty) and environmental drivers of 

evolution and origin of major groups, like dinosaurs, birds, 
mammals, and terrestrial plants. These studies involve 
novel research on the links between molecular and 
morphological phylogenies and how to provide accurate 
time scales for key fossils and key branching points. 
Modern Bayesian modelling approaches like BayesTraits, 
BAMM, and PyRate are proving very useful in answering 
sometimes quite tough questions such as the biological 
impacts of mass extinctions on different groups of plants 
and animals, and the relative importance of different 
factors (e.g. temperature, oxygen, competition, predation) 
on the rise and fall of clades. We provide a general 
introduction to this theme here: https://ercinnovation.blogs.
bristol.ac.uk/.

RESEARCH ISSUES

Figure 1. The test of Trilobatus 
tri lobus, a typical planktonic 
foraminifera found today. This 
specimen is approximately 8 mm 
across.
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Morphology-Based Identification 
of Bemisia tabaci Cryptic Species 
Puparia via Embedded Group-Contrast 
Convolution Neural Network Analysis

Norm MacLeod
Roy J. Canty a, b

Andrew Polaszek b

Introduction

The whitefly Bemisia tabaci (Gennadius) (Hemiptera: 
Aleyrodidae) is a widespread cryptic species complex, 

with the species “MEAM1” and “MED” (formerly biotypes 
B and B2, and biotypes Q, J, and L, respectively) having 
acquired a cosmopolitan distribution. Bemisia tabaci 
infestations often lead to widespread and extensive crop 
damage via direct feeding, plant physiological disorders, 
honeydew contamination with associated fungal growth 
and, most importantly, the transmission of viral diseases. 
Induced damage can effect the quality and/or quantity of 
agricultural produce severely. In addition, many species 
have attracted attention because of their ability to 
evolve pesticide resistance, high-dispersal abilities, and 
extremely polyphagous diets, though others appear to be 
relatively host-specific. As a result, a pressing need exists 
to keep B. tabaci infestations of agricultural crops under 
control, with biocontrol being the preferred method. For 
biocontrol to be successful, however, accurate species 
identifications are required. This group includes species 
that are among the world’s most destructive horticultural 
pests. Species show variation in puparial, as well as adult, 
morphology, of which the former is often correlated with 
leaf characteristics such as degree of hairiness.

Initially, the cryptic nature of morphological variation 
in the B. tabaci complex created taxonomic confusion, 
leading to large-scale species-level synonymy. There are, 
however, several, often subtle, interspecific differences 
that have indicated B. tabaci might be a cryptic species 
complex, including differences in insecticide resistance, 
host preference, and range, parasitoid associated 
endosymbiont faunas, and virus transmissions.

To date, a very limited range of morphometric procedures 
have been applied to the B. tabaci complex. Bethke 
et al. (1991) examined sexual dimorphism in rates of 
development, body sizes of adult and puparial instars, and 
adult tibia lengths in two populations, one reared on cotton 
and the other on poinsettia plants, using linear distance 
measurements. Body sizes for both puparia and adults 
were found to be larger in the cotton-reared population 
and female pupae were found to be larger than male 
pupae overall. Li et al. (2013) employed length and width 
measurements collected from four instars of six Chinese B. 
tabaci “biotypes” (all reared on cotton plants), in addition 
to length and width measurements of six additional 

characters from the fourth instar, to study interbiotype 
morphological distinctions. This study achieved a general 
puparial biotype size ranking and identified three biotypes 
(B, Q, and ZHJ-2) as differing from the rest in three 
characters. With respect to larval biotype distinctions, Li et 
al. (2013) concluded that exotic biotypes were significantly 
larger than indigenous forms. Similarly, Harish et al. 
(2016) undertook a principal components analysis of 14 
puparial characteristics, including total body length and 
width measurements, widths of the wax margins, and nine 
different adult characteristics, but found these insufficient 
to distinguish populations from different agro-ecological 
zones reliably. Geometric morphometric (GM) analysis 
has also been applied previously to B. tabaci puparial data 
with somewhat disappointing results in terms of its ability 
to detect population-level differences (see Chaubey and 
Andrew 2015).

While these studies all suggested close inspection of B. 
tabaci puparium morphological characters had promise in 
being able to achieve diagnoses of at least some genetic/
molecular species, compelling empirical demonstrations 
of this potential eluded each of these research groups. 
But rather than concluding puparium morphology-based 
distinctions between established genetic/molecular 
species do not exist – as some have done – perhaps 
the problem has lain in the approaches used to analyze 
morphological data for distinctions that reflect, genetic/
molecular species differences.

Recently, machine-learning (ML) algorithms have 
been applied to the problem of morphological group-
discrimination in which the input data are digital 
images of the specimens themselves. Increasingly, ML 
procedures have been shown to be capable of delivering 
morphological group-discrimination results superior to 
those of even the most advanced GM-style analyses. 
Accordingly, the primary aim of this investigation was to 
determine whether the application of ML and computer 
vision-based morphological data and data-analysis 
methods might facilitate the identification of puparium-
based morphological distinctions between members of the 
B. tabaci complex represented by a large set of currently 
recognized genetic species (Fig. 1).
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Figure 1. Images of three representative puparium specimens from 
the B. tabaci complex illustrating variation in the level of morphological 
detail present in our sample. Aside from the form outlines and 
position of the posteriorly positioned vasiform structure there are few 
consistently locatable topologically homologous points of reference 
that could be used to represent these morphologies either accurately 
or comprehensively.



Readers of this newsletter might be wondering, at this 
point, what any of this has to do with paleontology/
paleobiology. Accurate species identifications lie at 
the heart of almost all paleontological/paleobiological 
investigations. Virtual ly without exception, these 
identifications are delivered via qualitative inspection 
of specimen morphologies despite the fact that there is 
good reason to believe expert, qualitative, taxonomic 
identifications, struggle to deliver both the accuracies 
and consistencies assumed routinely by users of such 
identifications (MacLeod et al., 2010; Culverhouse et 
al., 2014). To date, morphometric procedures have not 
managed to address this situation to any significant extent. 
Machine-learning methods have great potential for making 
decisive contributions to this critical aspect of taxonomic 
practice. But thus far, ML approaches have struggled to 
realize their potential in paleontological/paleobiological 
contexts owing to the dependance of these procedures on 
training set sample sizes that are vast by paleontological/
paleobiological standards. This investigation forms the 
second of a trio of studies in which the performance of a 
new approach to ML training that does not require access 
to extraordinarily large sample sizes in order to achieve 
reliable distinctions between subtly different group-level 
morphologies was explored (see also MacLeod and 
Kolska-Horwitz 2020; MacLeod et al., 2022).

Methods
A “deep learning” convolution neural network (CNN) 
analysis, using the LeNet-5 architecture, was employed 
to compare and analyze differences among and between 
genetic/molecular species directly. LeNet-5 was the CNN 
that sparked initial widespread interest in “deep learning” 
using convolution-based, multilayer artificial neural 
networks after it achieved 98.5% accuracy when tested on 
the images included in the Modified National Institute of 
Standards and Technology (MNIST) image database (see 
http://yann.lecun.com/exdb/mnist/).

One of the most severe limitations of CNN training in 
many taxonomic and systematic contexts is sample size. 
Owing to the number of interlayer weights whose values 
must be calculated recursively, CNNs are usually trained 
on data sets whose sizes are vast by systematic-research 
standards. A training set such as ours, consisting of 386 
(hairy) and 366 (glabrous) individuals subdivided into 
15 classes or groups, would be considered far too small 
for CNN training by most data scientists. This problem 
can be circumvented, though, by opting for training as 
an embedded, distance-based, group-contrast learning 
system in which the aim is not to learn the characteristics 
of a priori-defined groups themselves but, rather, implicit 
patterns of similarities and differences between pairs 
of images that either do, or do not, belong to the same 
training group (Fig. 2). Recent published applications 
of this strategy have focused on systems for describing 
differences between image pairs drawn from large data 
sets using text-based descriptors as well as image-based 
analyses.

Figure 2. Example of embedded, paired group-contrast comparisons 
within B. tabaci species complex puparial specimens. Upper figure: 
original images of two randomly selected specimens from the East 
Pacific Ocean image set (F30o1-7 and F30o2-17) and the Israel-Med 
image set (F18o1-36 and F18o2-15). The embedded image comparison 
protocol used in this investigation focused on pairwise comparisons 
across all images in the sample (e.g., six comparisons for this four-
image example) with the structure of group similarities and differences 
being represented by Euclidean distances between image vectors. 
Lower figure: summary of the six image-difference comparisons 
possible for this four-image example in terms of difference images and 
image distance values (d) for both the full-resolution (500×500 pixel) 
and reduced resolution (28×28 pixel) image comparisons, the latter 
values in parentheses.

In terms of the analysis of small-to-modestly sized 
samples, there are many advantages to this approach, 
including relaxation of the use of single assessments 
of individual forms insofar as all, or most, pairwise 
comparisons between images can be employed in 
training. Thus, despite the fact that our samples contained 
images of only 386 (hairy) and 366 (glabrous) individuals, 
totals of 148,610 (hairy) and 133,590 (glabrous) pairwise 
comparisons can be drawn from them. By focusing CNN 
training on differences among images of the same group, 
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and between images of different groups, training can 
proceed more efficiently, and more comprehensively, than 
would be possible otherwise.

Results
Hairy-substrate specimens
For our hairy-substrate image set the trained LeNet5 
system was able to identify all of the raw training-set 
images correctly post hoc (Fig. 3A). The raw accuracy 
level of identifications for this result is 1.0. A more 
rigorous test of trained CNN performance, of course, 
is to determine how many correct identifications result 
from submission of a set of previously identified images 
other than those used to train the system. Unfortunately, 
sequestration of a reasonable set of B. tabaci complex 
images from the training set for use as a validation set 
would compromise adequacy of the training set given 
the already low sample sizes that were available for 
this investigation. To overcome this problem the cross-
tabulation, or jackknife, strategy, involving 40 randomly 
chosen B. tabaci images, was employed.

Despite the fact that the randomly selected subset of 40 
validation images did not include specimens from MEAM 
1 (Aus), Uganda SP (Med), SS2 (Africa), and Sudan (S), 
a perfect validation-set identification result was achieved 
(see Supplementary Material archive available on Dryad). 
This result addresses any concern that the exemplary 
results obtained from the post hoc identification of 
training-set specimens were an artifact of an overtrained 
discrimination system. It also suggests the LetNet-5 
CNN trained on hairy-substrate puparial group contrasts 
exhibits remarkable stability, implying that it should be 
capable of highly accurate identifications for (at least) 
11 of the 15 groups included in this study. Given these 
results, it is highly likely that this trained CNN is capable 
of perfect or near-perfect identification performance for 
all 15 hairy-substrate B. tabaci-complex species groups 
based entirely on aspects of their puparial morphologies 
as recorded in light photomicrographs despite the rather 
simplistic character of the LeNet-5 CNN architecture. The 
MCC that summarizes the confusion matrix that resulted 
from this test is, of course, also 1.0.

Glabrous-substrate specimens
Overa l l  per formance of  the g labrous subst ra te 
discriminant system was assessed by using the trained 
system to identify the raw training-set images post hoc, 
as a first-stage performance-evaluation exercise. In 
the case of these glabrous-substrate puparial images, 
the group contrast-trained LeNet-5 CNN system was, 
again, able to achieve a perfect assignment of training 
set puparial specimens to their correct species based on 
the morphological data recorded in their transmitted light 
photomicrographs (MCC =1.0; see Fig. 3B).

These results may be surprising to readers who have 
experience with multivariate linear discriminant analysis as 
well as, perhaps, a few with prior ML analysis experience. 
But, again, it must be stressed that LeNet-5 CNN was 
trained on between-species image contrasts rather than 
on the raw images directly. As such, these glabrous-
substrate results suggest, at the very least, that the trained 
CNN should be able to provide reliable and accurate—
as well as very rapid identifications of all 15 glabrous 
substrate-reared B. tabaci-complex genetic/molecular 
species’ puparia on the basis of morphological data alone.

A more rigorous test of the performance and stability of 
LeNet-5 CNN trained on glabrous-substrate B. tabaci 
puparial images involved the same cross-tabulation, or 
jackknife, design employed during evaluation of the hairy-
substrate LeNet-5 discriminant system. Once again, 40 
randomly selected validation-specimen images were 
successively sequestered from the remaining 365 images 
which were then used to retrain the embedded, group-
contrast LeNet-5 CNN system. In this case, specimens 
from all but one (Uganda [Med]) of the training-set 
genetic/molecular species were part of the random cohort 
selected for validation analysis. Nonetheless, for each of 
these included species—some of which were represented 
by as many as eight specimens—a perfect set of cross-
tabulation identifications were obtained (MCC = 1.0). This 
result effectively rules out any concern that the exemplary 
results obtained from the post hoc identification of 
glabrous-reared training-set specimens were an artifact of 
an overtrained discrimination system.

Figure 3. Two-dimensional feature subspace plots of recognized B. tabaci genetic/molecular species from the hairy-substrate (a) 
and glabrous-substrate (b) image sets as delineated by the embedded, group-contrast LeNet-5 CNN based on B. tabaci puparial 
photomicrographs. Note the clear separation of all groups in both image sets indicating the existence of substantial and consistent within-
groups morphological similarities and between-groups morphological differences.
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Discussion
Molecular analysis and DNA barcoding studies are clearly 
important, relatively inexpensive and easily accessed 
tools for taxonomy; especially useful for diagnosis and 
delimitation, and in the discovery of cryptic species. 
However, despite the insight provided by taxonomy-
focused molecular research, many practical problems 
remain. In particular, molecular divergence thresholds 
used for species delimitation are arbitrary and are often 
computed incorrectly. Such thresholds vary widely across 
taxa primarily due to variation in the substitution rates 
associated with species-specific molecular clocks. Genetic 
divergence within the B. tabaci complex has been shown 
to be higher than the interspecific genetic divergence of 
related genera. This has led to the 3.5% mtCO1 region 
threshold - used originally in B. tabaci species delimitation 
– to be regarded as erroneous. The correct threshold has
been estimated to be 4.0%, although this limit appears
not to have been adopted in some subsequent studies.
Work that has employed the 4.0% threshold, recognized
44 putative B. tabaci species. In addition, the presence of
pseudogenes can result in novel species being reported
erroneously and at least one new B. tabaci molecular
species, MEAM2, was later shown to be a pseudogene
artifact. Consequently, it seems likely other unidentified
pseudogenes exist within the B. tabaci complex.

While various aspects of B. tabaci biology suggested 
it might be a cryptic species complex, widely accepted 
proof that such was indeed the case required use of 
DNA sequencing. However, the full extent of biological 
differentiation among B. tabaci species cannot be 
assessed from DNA-sequence data alone. All previous 
attempts to ascertain the extent of morphological 
d i fferent iat ion among B. tabaci  species defined 
(provisionally) by genetic/molecular criteria failed to 
identity morphological distinctions between any, or all but a 
few, genetic species. These failures have been interpreted 
to mean that there were no consistent morphological 
distinctions between B. tabaci species recognized on the 
basis of genetic/molecular criteria. As our results have 
shown, this interpretation was the product of limitations in 
the methods employed to assess distinctions between B. 
tabaci purparial images, but not of B. tabaci morphology 
itself.

Conclusions
At least 15 B. tabaci species defined (provisionally) 
by genetic/molecular criteria also display consistent 
patterns of morphological variation in the forms of their 
puparia. These patterns were not recognized by previous 
morphometric investigations because they are not 
reflected in the gross dimensions of the puparial outline 
and because there are an insufficient number of stable, 
relocatable landmark positions available to characterize 
the forms of these complex biological objects to the 
degree of detail necessary to identify species-specific 
morphological differences. This is not an uncommon 
situation in morphometric analyses. Nonetheless, when 
whole images of genetic/molecular delineated B. tabaci 
puparial specimens were compared with one another 
using even the simplest and most straightforward of CNN 

system architectures, the existence of distinct, consistent 
and stable differences in the puparial forms of these 
putative species was revealed. Moreover, the most recent 
study of B. tabaci phylogeny, using whole-genome and 
mating compatibility data, failed to fully delimit the SSA1-
SG1, SSA1-SG2, and SSA1-SG3 taxa (Mugerwa et al. 
2020). Yet, our group-contrast trained LeNet-5 CNN 
system demonstrated the existence of both clear and 
stable morphological differences between these three 
taxa, thus providing evidence that at least three additional 
B. tabaci species may exist within the SSA1 group.

Getting from the data to the interpretations via analysis 
and reasoning is a primary challenge of all biological 
research. While mathematics can be of great assistance 
in attaining this goal – especially the newer forms of 
image-based ML and artificial intelligence – there is not, 
and never will be any, easy, straightforward, and infallible 
way to accomplish this aim. Nevertheless, the fact that 
the use of quantitative data-analysis strategies is neither 
simple, straightforward, nor infallible is no reason to abjure 
their employment in wider biological research contexts 
generally, and in wider systematic and taxonomic contexts 
in particular. Most importantly, the development of new 
and ever more sophisticated ways of applying quantitative 
data-analysis procedures to identify patterns in biological 
data promises to invigorate, and perhaps to revolutionize, 
systematic biology by providing access to patterns in the 
morphological domain (as well as in other domains) of 
which, to this point, we have scarcely been aware.
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Age-depth models in OneStratigraphy
Junxuan Fan & Jiao Yang

OneStratigraphy is the world’s largest stratigraphic 
database including, at present, 11,189 sections, 
709,297 fossil occurrences of 46,469 taxonomic units. 
Most of the section data in OneStratigraphy come from 
publications and have been assigned biostratigraphic or 
chronostratigraphic subdivision by the original authors. 
Based on these assignments, anyone can add age-depth 
models to each section in OneStratigraphy. 

To implement this capability Qin Chen, Wei Wu and 
Xiaofang Teng of the OneStratigraphy Digitization Group 
collected all the systems, series, stages and biozones 
from the recently published international geological time 
scale (Gradstein et al., 2020), which contains over 3600 
international or regional standard biozonation names with 
absolute ages assigned to their bases (Fig. 1). This work, 
including data verification, costs one and a half months of 
three data compilers. 

We designed two functions for stratigraphic correlation, 
one called regional correlation and the other called global 
correlation. Some authors liked using the international 
or regional standard biozonation in strat igraphic 
subdivision and correlation, but some did not. For the 
latter, a data compiler can add the local biozonation to 
the digitized section through the regional correlation 
function first, and then add the standard biozonation 
(with chronostratigraphic ages) to it through the global 
correlation function. So, a section can be assigned a local 

biozonation without any age information, as the original 
author did, and then be calibrated to the latest geological 
time scale. 

For example, the Vinini Creek section in Nevada, Unites 
States is c. 30 meters thick. It contains 65 fossil collections 
containing abundant graptolite specimens. This interval 
has been assigned to four successive Late Ordovician 
graptolite biozones by Štorch et al. (2011). Above this 
interval lies disconformably the Silurian Lituigraptus 
convolutus graptolite zone with an estimated 3.66-Myr gap 
in between (Fig. 2). 

Figure 2. The Upper Ordovician Vinini Creek section with global 
standard graptolite biozonation (data from Štorch et al., 2011).
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Figure 1. Ordovician graptolite biozonation of North America integrated 
in OneStratigraphy.



We also designed a new tool for visualization of the age-
depth model (Fig. 3). The horizontal axis represents 
geological age and the vertical axis section depth. The 
horizontal line in the upper right of the age-depth curve 
estimates the length of the sedimentary gap or hiatus near 
the top of the section. 

Of course, other time scales can be used to construct an 
age-depth analysis for local intervals in OneStratigraphy in 
a similar manner. The geological time scale by Gradstein 
and others is generally updated every four years. If the 
database contains vast section data, it is impossible 
to update the bio- and chronostratigraphic subdivision 
of each section manually. To solve this problem, future 
implementations of OneStratigraphy will record the 
differences between any two successive geological time 
scales and design a new function for automatic updating 
the age calibration. 
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Figure 3. Age-depth model of the Vinini Creek section, United 
States. Note the 3.66-Myr gap near the top of the outcrop.

RESEARCH ROUNDUP
The Vertebrate Palaeontology Group, in the Department 

of Earth Sciences, University College London 
(UCL), is led by Paul Upchurch and Philip Mannion. 
Currently, this group also comprises three postdoctoral 
researchers (Christopher Dean, Sebastian Groh, James 
Hansford), and seven PhD students (Paul Burke, Joel 
Heath, Sarah Jamison-Todd, Miranta Kouvari, Robert 
Mansergh, Cassius Morrison, and Cecily Nicholl). We 
focus on Mesozoic and Cenozoic tetrapods, especially 
dinosaurs, crocodiles, birds, marine reptiles, pterosaurs, 
and mammals. We are interested in a wide range of 
macroevolutionary and macroecological patterns, 
spanning phylogenetic methods and analysis, estimation 
of palaeodiversity through time and with latitude, fossil 
record quality and sampling, palaeobiogeography, 
e c o l o g i c a l  n i c h e  m o d e l l i n g  a n d  c o n s e r v a t i o n 
palaeobiology, palaeoecology, and biomechanics. Our 
research programmes attempt to understand the evolution 
of past biodiversity, including the roles of tectonics and 
climate in shaping its distribution, with implications for 
the response of living species to the ongoing biodiversity 
crisis.

UCL’s Vertebrate Palaeontology Group and Nanjing 
University's Geoscience Paleontology Team are currently 
in the process of arranging a specialist discussion to talk 
about their potential collaborations. Meeting progress will 
be updated in the next issue.
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Introduction to The Deep-time
Digital Earth (DDE) program

The Deep-time Digital Earth (DDE) program is an 
innovative, internationally-funded “big science” program 
with the ambition to promote collaborative innovation 
of information science and earth science. The overall 
mission of DDE is to harmonize global earth-science data 
and share global geoscience knowledge (Fig. 1). The 
long-term vision of DDE is to transform earth science. 
DDE is the first-recognized big science program of 
International Union of Geological Sciences (IUGS) since 
the founding of the Union. There are currently 22 founding 
members including governmental agencies, international 
science organizations and international scientif ic 
programs, offering a global network for exchange, sharing, 
innovation and co-construction in the field of earth 
science. Through this ten-year program, geoscientists 
will obtain the ability to link global, deep-time data (Fig. 2) 
describing various spheres of our planet (e.g., biosphere, 
lithosphere, hydrosphere) and further stimulate data-
driven discoveries in our understanding of earth history. 

The DDE aims to harmonize deep-time earth-science 
data within a relational knowledge system to investigate 
the evolution of the Earth. Integrated methods include 
artificial intelligence, high-performance computing, 
cloud computing, the semantic web, natural language 
processing, and other emerging technologies.

The DDE focuses on four major themes of the earth’s 
evolution: life on Earth, earth materials (e.g., minerals, 
rocks, sediments and fluids), geography, and climate (Fig. 
1). Data science and artificial intelligence may provide new 
techniques for accelerating data-driven exploration and 
discovery. Through collaboration between geoscientists 
and computer scientists and data scientists, we can better 

understand the vicissitudes of ancient lives, including 
the high-resolution timing of global extinction and 
d ivers i f ica t ion events  and the cor respondence 
between biological events and environmental changes. 
The integration of multidisciplinary approaches will 
also help propel discoveries in diverse fields (e.g., 
paleoceanography, tectonics, geochemical cycles, energy 
and mineral resource exploration), the inputs from all of 
which will be necessary to understand the sources, and 
implications, of changes in global climate/atmosphere 
systems in the past, present and future (Wang et al., 
2021).
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Figure 1. Schematic diagram of DDE system (Wang et al., 2021).

Figure 2. New protocols, platforms and programs are needed to secure compatible and interoperable databases, so that the vast 
amounts of existing (and new) deep-time geoscience data can be linked. DDE will provide the wiring to connect deep-time data 
sources together (Stephenson et al., 2020)



Geoscience Data Journal (GDJ) 
Special Issue Call for Papers 2022

Currently, Geoscience Data Journal (GDJ)  is inviting 
submissions for its special issue 2022. The GDJ provides 
an open access platform where scientific data can be 
formally published in a way that includes scientific peer-
review. For more information, please check the GDJ 
website here.
This Special Topic Issue, which will include a collection 
of research articles that focus on recent progress in 
the geoscience big data and data-driven discoveries is 
planning to include 15-20 data or data service papers and 
1-2 review papers. 
Submission Information
Submissions are due 31st July, 2022 in GDJ’s submission 
site at https://mc.manuscriptcentral.com/geosciencedata
All submissions should be prepared according to the 
suggestions for authors. Please see details from Author 
Guidelines at https://rmets.onlinelibrary.wiley.com/hub/
journal/20496060/about/author-guidelines

Current COVID quarantine policy
of China

All people entering China from overseas will now undergo 
quarantine for 10 days , including 7 days of centralized 
isolation at designated sites and 3 days of health 
monitoring at home.

For enquiries concerning the latest quarantine policy of 
China, please contact Ms. Ariana Xu (ariana.xu@nju.edu.
cn).

Career Corner 
International Postdoctoral Fellow
This program is partly funded by the international 
postdoctoral exchange program of the China Postdoctoral 
Management Committee, which aims at subsidizing 
international scientific talents who have obtained a 
doctoral degree to come to China to pursue postdoctoral 
research in a Chinese university/institution. 
Discpline: Paleontology or Stratigraphy
Eligibility: 
1. Aged under 35 years old;
2. Have obtained a doctoral degree from a university in 
the Global Top 100 University List within the last three 
years.
Funding Duration: Two years
Salary and Benefits: 
RMB 200,000 per year as research fund by the state;
RMB 300,000 as annual salary by the state and Nanjing 
University.
Application
Submit proposal in September, 2022.
For more information, please contact Ms. Ariana Xu
(ariana.xu@nju.edu.cn).
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A DELTA website is in the process of being created and 
can be found at: http://nju-delta.com. We encourage 
all members to check the site out and feedback any 
comments to Ariana <ariana.xu@nju.edu.cn>. At the 
moment we need brief descriptions DELTA member 
institutions along the lines of the one we have created 
for the NJU Paleo. Group. New material from the second 
newsletter issue will be posted shortly and copies of 
all Voice from the Past newsletters will be able to be 
downloaded from the site.

https://rmets.onlinelibrary.wiley.com/journal/20496060
https://mc.manuscriptcentral.com/geosciencedata
https://rmets.onlinelibrary.wiley.com/hub/journal/20496060/about/author-guidelines 
https://rmets.onlinelibrary.wiley.com/hub/journal/20496060/about/author-guidelines 


Time: Aug. 29 to Sep. 2, 2022
Location: Budapest, Hungary
For more information, please find 
the circular here or visit its website: 
https://jurassic2022.hu/.

FORTHCOMING ACTIVITIES

13

PUBLICATION HIGHLIGHTS
Bai,  R.Y.,  Song, H.J.,  Benton, 
M . J . ,  &  T i a n ,  L .  2 0 2 2 . 
P h y l o g e n e t i c  c l a s s i f i c a t i o n 
and evolut ion of Early Triassic 
conodonts .  Palaeogeography, 
Palaeoclimatology, Palaeoecology 
585, 110731.

Benton, M.J., Wilf, P., & Sauquet, 
H . S .  2 0 2 2 .  T h e  A n g i o s p e r m 
Terrest r ia l  Revolut ion and the 
origins of modern biodiversity. New 
Phytologist 233, 2017–2035.

Bolet, A., Stubbs, T.L., Herrera-
Flores, J.A., & Benton, M.J. 2022. 
The Jurassic rise of squamates as 
supported by lepidosaur disparity 
and evolutionary rates. eLife 11, 
e66511. 

Chen, J.T., Montañez, I.P., Zhang, 
S., Isson, T.T., Macarewich, S.I., 
Planavsky, N.J., Zhang, F.F., Rauzi, 
S., Daviau, K., Yao, L., Qi, Y.P., 
Wang, Y., Fan, J.X., Poulsen, C.J., 
Anbar, A.D., Shen, S.Z., & Wang, 
X.D. 2022. Marine anoxia linked to 
abrupt global warming during Earth's 
penultimate icehouse. PNAS 119 
(19).

Cross, S.R.R., Moon, B.C., Stubbs, 
T.L.,  Rayfield, E.J.,  & Benton, 
M.J. 2022. Climate, competition, 

a n d  t h e  r i s e  o f  m o s a s a u r o i d 
e c o m o r p h o l o g i c a l  d i s p a r i t y. 
Palaeontology 65, e12590.

Flannery Sutherland, J.T., Silvestro, 
D., & Benton, M.J. 2022. Global 
diversity dynamics in the fossil 
record are regionally heterogeneous. 
Nature Communications 13, 2751.

Herrera-Flores, J.A., Elsler, A., 
S tubbs ,  T.L . ,  &  Benton,  M.J . 
2022. Slow and fast evolutionary 
rates in the history of lepidosaurs. 
Palaeontology 65, e12579.

J o n e s ,  L . A . ,  M a n n i o n ,  P. D . , 
Farnsworth, A., Bragg, F. & Lunt, D.J. 
2022. Climatic and tectonic drivers 
shaped the tropical distribution of 
coral reefs. Nature Communications 
13, 3120.

Lv,  Y.W.,  L iu ,  S.A. ,  Wu,  H.C. , 
Sun,  Z .Y. ,  L i ,  C. ,  & Fan,  J .X. 
2022. Enhanced organic carbon 
b u r i a l  i n t e n s i f i e d  t h e  e n d -
Ordovician glaciation. Geochemical 
Perspectives Letters 21, 13-17. 

MacLeod, N. 2022. Discriminant 
function analysis. In: B.S.D. Sagar, Q. 
Cheng, J. McKinley and F. Agterberg 
(Editors). Springer, Berlin.

MacLeod, N. 2022. Factor analysis 

(Q-mode). In: B.S.D. Sagar, Q. 
Cheng, J. McKinley and F. Agterberg 
(Editors). Springer, Berlin.

MacLeod, N. 2022. Factor analysis 
(R-mode). In: B.S.D. Sagar, Q. 
Cheng, J. McKinley and F. Agterberg 
(Editors). Springer, Berlin.

MacLeod, N. 2022. Shape. In: B.S.D. 
Sagar, Q. Cheng, J. McKinley and F. 
Agterberg (Editors). Springer, Berlin.

MacLeod, N., Price, B. & Stevens, 
Z. 2022. Ecomorphological variation 
in Trithemis (Odonata, Libellulidae) 
dragonfly wings reconsidered. BMC 
Ecology and Evolution, 22(1).

Sun, Z.Y., Štorch, P., Fan, J.X., 
Melchin, M.J., & Suyarkova, A. 
2022. Lower Aeronian (Llandovery, 
S i l u r i a n )  g r a p t o l i t e s  o f  t h e 
genera Rastrites and Stavrites: 
systematics, biostratigraphy and 
palaeobiogeography. Papers in 
Palaeontology 8(2), e1429. 

Yang, S.C., Hu, W.X., Fan, J.X., & 
Deng, Y.Y. 2022. New geochemical 
i d e n t i f i c a t i o n  f i n g e r p r i n t s  o f 
volcanism during the Ordovician-
Silurian transition and its implications 
for biological and environmental 
evolution. Earth-Science Reviews 
228, 104016.

See https://waset.org/paleontology-conferences for a list 
of upcoming meetings, seminars, congresses, workshops, 
programs, trainings, summits, and weekly, annual or 
monthly symposiums in paleontology.

11th 
International 
Congress on 
the Jurassic 
System

6th
International 
Palaeontolo-
gical 
Congress
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For more information, please visit 
its website: https://ipc6.msu.ac.th/
scientific-sessions/
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