Planetary Biodiversity Inventories Using the World Wide Web as a Taxonomic Research Tool:  April 16,2008

Slide: 2 - Overview
This talk with be divided into six major sections, as outlined on this slide.


Slide: 3 - Heteroptera: True Bugs
Although the household nature of the Heteroptera, or true bugs, is obvious to my students, postdocs, and fellow heteropterists around the world, most of their coverage in the press these days comes from the bed bug.  True bugs are represented by….

Slide: 4
Heteroptera belong the larger monophyletic group Hemiptera, whose conspicuous defining character is the distinctive tubular, sucking mouthparts, which can be seen here in cross section, with the large circular food and salivary canals.  

Slide: 5
The Heteroptera themselves are composed of 7 infraorders, which as a group are diagnosed by the presence of scent glands located on one or more segments of the abdomen in the nymphal stages and in the metathorax of most adult forms.

Slide: 6
Heteroptera as taught in American textbooks are diagnosed by the distinctive structure of the forewing, known as the hemelytron, which as shown here is actually diagnostic for a restricted subset of 4 infraorders known as the Panheteroptera.

Slide: 7
With the Heteroptera it is the infraorder Cimicomorpha that will be the focus of our attention today.  This is the largest heteropteran subgroup with approximately 20,000 species and contains the two largest families---Reduviidae and Miridae.

Slide: 8 - Cimicomorpha
Relationships within the Cimicomorpha are a subject of longstanding interest with me, the most modern treatment being the subject of a paper by former AMNH postdoc Christiane Weirauch, curator Ward Wheeler, and me that was recently accepted for publication in the journal Systematic Entomology.


Slide: 9 - Miridae: Plant Bugs
The place of the Miridae within the Cimicomorpha can be seen in this slide..

Slide: 10 - Miridae: Plant Bugs
Some salient attributes of the Miridae can be outlined as follows….

Slide: 11 - Orthotylinae and Phylinae
Within the Miridae, it is the subfamilies Phylinae and Orthotylinae that we be the focus of our attention today.  As can be seen in this cladogram, both of these subfamilies are monophyletic groups and form a sister-group relationship with one another.

Slide: 12 - Orthotylinae and Phylinae
This slide will help to familiarize you with the appearance of the plant bugs belonging to these 2 subfamilies.  We will see additional representatives later in the talk.  Suffice it to say, they take on a broad range of forms and life styles, attributes that have attracted my attention and that of many other investigators.


Slide: 13 - Documenting Diversity in the Miridae
I would now like to move on to review some of the data and methods involved in documenting diversity in the Miridae.


Slide: 14 - Species Accumulation for Orthotylinae and Phylinae
When we look at the progress of describing species of over time, it may come as no surprise that the Palearctic fauna—shown in the upper green line---has the largest number of described species of any continental area and that progress in describing that fauna has outpaced effort in other regions; the Nearctic, shown in blue, has followed close behind.  What may be less intuitive, is that the fauna of the Southern Hemisphere is either depauperate in comparison to the Northern Hemisphere or that it remains poorly described.  This is particularly true for Australia, shown here in red, which has about 100 described species in these two subfamilies, whereas the Palearctic has 1400.

Slide: 15 - Miridae Diversity in Australia – A Short Story
We will now take a closer look at the history of development of knowledge of the Australian fauna.


Slide: 16 - Gerry Cassis
In December of 1994 Gerry Cassis sat in the kitchen of my NYC apartment eating dinner…and as part of the conversation suggested that we might consider doing some cooperative fieldwork in Australia.  Up to that time my fieldwork has focused on South Africa, Western North America, and Southern South America.  As you will soon realize, this one line remark now takes on a certain historical significance.


Slide: 17 - Australia:  1995--2002 Localities
During the next 7 years Gerry and I together organized 7 joint field trips, for which a significant amount of funding came from funds available to the Department of Entomology at the American Museum of Natural History, and from other sources.  Gerry took 3 additional field trips.  Collectively we visited the 559 sites shown on this map.


Slide: 18 - Host Specificity in the Miridae
As I noted earlier, host specificity is a feature distinctive for many species of Miridae.  This graphical presentation will help to bring this phenomenon into perspective.  Here we see species of Miridae plotted against the number of plant species that they utilize as hosts.  Clearly the preponderance of species feed on a single plant species, with the number known to feed on 2 or more hosts diminishing rapidly.


Slide: 19 - Methods for Host Documentation and Vouchering
As a means of guaranteeing that we gain the maximimum value from our time in the field, my colleagues and I have adopted the following procedures with regard to host documentation….


Slide: 20
Here, graduate student Dimitri Forero and I are organized host vouchers for identification by botanical specialists at the Kirstenbosch Gardens, after a successful trip to Namaqualand in 2004.


Slide: 21 - NSF Planetary Biodiversity Inventories Program (PBI)
I would now like to introduce the NSF Planetary Biodiversity Inventories Program, the focus of much of the rest of my presentation.


Slide: 22 - NSF Program Announcement, October 2003 Submission Deadline, January 10, 2004
This particular program was announced in October 2003 with a January 2004 submission deadline.  With a short timeline, Gerry Cassis, other colleagues, and I organized and submitted a proposal that we believed corresponded to the very general guidelines, as outlined here.


Slide: 23 - Plant Bug PBI Proposal
Our approach was to focus on the plant-bug subfamilies Orthotylinae and Phylinae, to which I have already introduced you, bringing together an international team of specialists, postdocs, and students.  Our collective background of fieldwork in North America, Australia, and South Africa suggested that the first area would offer a model for achievement in other areas, but that our fieldwork should concentrate on the last two areas.


Slide: 24 - Attributes of Orthotylinae and Phylinae
While we knew that at least 0.5 million specimens existed in about 20 important collections, we also predicted the existence of at least 1500 new species, primarily from Australia and South Africa, a subject to which I will return.


Slide: 25 – (Website screen shot)
We learned in early May 2003 that we had received a 5 year, $2.9 million award for a planetary plant bug study.   Since the beginning of the project, we have used our website as a way to display information to the outside world and to coordinate our own activities through a variety of research tools.


Slide: 26 - PBI Men and Women in Black:  August 2003, NYC
In August 2003 the new PBI team met in New York to discuss how we might collaborate to meet the goals of our proposal as funded by the NSF.  The group was looking a bit angry, possibly seeking direction from Tommy Lee Jones.


Slide: 27 - PBI Team: July 2006, Luzern, Switzerland
By July 2006, 3 years into the project, we had lost some colleagues, gained some new ones, and taken on a more relaxed and sun-tanned appearance for our third organizational meeting in Luzern, Switzerland.


Slide: 28 - Principal PBI Collection Resources
In our initial proposal we estimated that 0.5 million relevant specimens were available for study.  This histogram displays graphically the uneven distribution of those specimens, with the smaller institutions possessing mostly types from older authors, with the larger collections having the preponderance of the more modern, better documented material.


Slide: 29 - Internet-based Research Tools
In order for our international team to function, it was clear that we would need to take advantage of the Internet.  I will now describe the ways we chose to do that.


Slide: 30 - Developing PBI Internet Research Tools 
We outlined 5 objectives for the way we might use the Internet to capture, analyze, and display information.  In the remainder of my presentation I will describe aspects of each of the areas.


Slide: 31 - Web-based Systematic Catalog http://research.amnh.org/pbi/catalog
Possibly first and foremost was our need to manage information on the classification of the plant bugs we were studying.  With 4000 species already described, our team members needed continuous access to an up-to-date source.  In addition to nomenclature, they would also need access to the literature, and several of our home institutions did not have libraries as complete as that at the AMNH.


Slide: 32 - Search by “name” or Taxonomic Hierarchy
With the assistance of Mark Breedlove from the American Museum Informatics Laboratory, we implemented an on-line catalog of the Miridae that became a core element of our day to day work.  The catalog home page, seen here, allows for searching of a variety of categories of information by names, as well as searching through the taxonomic hierarchy displayed on the right.  Entering a generic name displays as a result the listing of taxa subsumed under that name as seen here….


Slide: 33 - Results of Search by “Hyseloecus”
The taxon and author names in the listing are links to information to which they connect in the database.  Selecting one of the species names presents the following display….


Slide: 34 - References and Hosts for “Hypseloecus visci”
Which shows all of the occurrences of that name---and its junior synonyms---in the literature, as best that we have cataloged it.  Clicking on one of the page or book symbols displays a PDF of the type seen here….


Slide: 35 - Digital Library entry for “Hypseloecus visci”
[example digital library page]

Slide: 36 - Names Competing in Homonymy in Hypseloecus
The user can search for all species names proposed in a given genus as a way to understand whether new species group names being proposed with cause the creation of junior homonyms.


Slide: 37 - Results of Search by “Loranthaceae”
Of particular value to those of us working on host specific phytophagous taxa is the ability to search on hosts that have been recorded in the literature.  Here we see an example of all records of the family Loranthaceae (mistletoes) as hosts of the Miridae. This is a subject to which I will return.


Slide: 38 - Bibliographic Entries with Author “Puton”
Information on authorship can be accessed at many points in the catalog.  Here we see the results of a search for bibliographic entries under the author, where the string includes “Puton”.


Slide: 39 - Geographic Search: “Pilophorini” and“ SW USA”
Geographic search can be conducted using multiple categories of information, as seen here for “Pilophorini and SW-USA”.  Further along I will show connections to additional information on the Internet that can be made from the systematic catalog.


Slide: 40 - Updating Catalog Data Through Web Interface: Funding from the Global Biodiversity Information Facility
Catalogs such as this are not the result of Google searches.  They are the result of assembly of information from the literature in a classificatory context, but as in the case of hosts and geography the capability to search across categories of information not subsumed under the taxonomic hierarchy of the group being cataloged.  In order to keep the catalog current, we have worked to develop a  browser-based data entry application.  This piece of software will allow us to accomplish the four points listed on the slide.  The interface functions as follows….


Slide: 41 - Log-on Page
A permissions page allows registered users to access the application from anywhere in the world.


Slide: 42 - Select/Enter Bibliographic Data
The cataloging process begins by selecting---or entering---a bibliographic entry.


Slide: 43 - Enter/Edit Taxon Names
Names at any level in the taxonomic hierarchy listed in that piece of literature can then be selected from the existing authority file of names, or they can be newly entered.


Slide: 44 - Enter/Edit Information from Literature/Geography
The way a given name is used in that piece of literature is then recorded in the database, such as the description of a new species, creation of new combinations, or new information on geographic occurrence.


Slide: 45 - Enter/Edit Host Information
The user can then proceed to the entry of host information, which is organized and structured in a separate database table.


Slide: 46 - Select Name of Junior Synonym
Finally, new synonymies can be created.  With these and other tools the new published literature can be added to the database, while at the same time making the up-to-date summary available to the user public.


Slide: 47 - PBI Specimen Database
The ability to produce a specimen-level database was a crucial part of our proposal, but was not commonly being done in the insect community on a large scale and had never been done through the use of Internet-based tools, at least to the best of our knowledge.  Two aspects of the PBI specimen database that I would like to emphasize are that it allows for the use of machine-readable unique specimen identifiers (in the form of matrix code labels), and it allows for those codes to be loaded in batches when they are in sequence.


Slide: 48 - Museum Mode:  Data Entry
The main data entry form provides a straightforward logic with some crucial aspects of functionality.  One of these is a “locality search box”….


Slide: 49 - Museum Mode:  Data Entry
…which allows for string searching on previously-entered locality data, as a way to avoid redundant entry of such information.  It then allows those data to be selected and written to the data-entry form, greatly facilitating the speed of data entry.


Slide: 50 - Edit Mode: Specimen-data Form
The edit mode allows for the editing and correction of data in any of the database tables, as well as visualizing the data in certain ways.  Here we see the specimen data form, which includes such information as sex, status as a type, institutional deposition, and identification history, among others. 


Slide: 51 - Edit Mode: Field Host Form
The “field-host form”, seen here, displays information by field trip, including both locality and host data, and allows for visualizing images connected to both of those categories of data.


Slide: 52 - Report Mode: Multiple Criteria Query
The report mode allows for the retrieval, organization, and use of information in the database.  Here we see the “General Query Form” which permits for the query of information under any combination of 17 different data categories.


Slide: 53 - Report Mode: Specimens Examined Output
As I have been informed by nearly all of my PBI colleagues the process of data entry is boring and tedious.  This observation is always followed up by the question “Why do I have to do it?”  The realization of its value comes when data entry for all specimens relevant to a given revision is complete, a tabular summary of which looks like this…. These data can they be turned directly into “specimens examined” text, preformatted for publication.  At this point virtually all complaining stops.  We will see further value added in a moment when we get to the production of maps.


Slide: 54 - PBI Progress in Specimen Databasing
At the inception of the PBI project, a limited amount of data existed in database form, albeit without the use of unique specimen identifiers.  This graph shows the progress we have made.  For those institutions with no visible bars, the collections were small and contained primarily type specimens.  I would like to emphasize the tall blue bar on the far right.  The is the Zoological Institute in St. Petersburg, effectively the national museum of Russia.  We chose to database their entire collection of Orthotylinae and  Phylinae, comprising about 80,000 specimens, as a way of making the often obscure information available to the broadest possible audience.


Slide: 55 - Georeferencing
In order to make any specimen database truly useful, the specimen data need to be georeferenced.  Our PBI project has done this on a centralized basis.  I want to thank Sheridan Hewson-Smith for her dedication to the task of georeferencing all non-Russian localities, which represents more than 100,000 specimen records.  The reality of these efforts can be seen in the following slide….


Slide: 56 - 172,494 Georeferenced PBI Points
…which shows 172,494 points so far georeferenced as of April 16, 2008.


Slide: 57 - Using Web Integrators: How DiscoverLife.Org interacts with PBI?
Creating the software tools described above was not a trivial managerial task.  For this reason our project has joined forces with the DiscoverLife site, as a way of producing species pages, of producing links between our bug data and plant data from other sources, and of gaining access to the powerful DiscoverLife global mapper.  Under this arrangement we maintain total control of our data but allow others to do some of the web software development.


Slide: 58 - Species Pages On DiscoverLife
We provide the nomenclatural, specimen, image, and host data to DiscoverLife.  That site then dynamically assembles those data into species pages, of the type seen here, and allows for the production of maps from our data in real time, and which I have used throughout this presentation.  These pages can be accessed through the systematic catalog as well as directly through DiscoverLife.  We have also embedded a search box on the homepage of our project website.


Slide: 59 - DiscoverLife “Make Map” Feature
DiscoverLife allows for the creation of maps under a large variety of criteria, providing a valuable tool for the visualization and comparison of distributions.  Here we see a plot of one bug species (in green) overlain on 3 species of its host genus. 


Slide: 60 - PBI-funded Field Work
Up to now I have given little impression of how we conduct our fieldwork and find the bugs that are of interest.  The following short video should help to convey the essential elements of the process.


TEXT FOR THE ACCOMPANYING MOVIE - http://research.amnh.org/pbi/graphics/news_outputs/p_amnh_schuh_video.wmv
This footage was taken in Namaqualand, South Africa, east of Citrusdal, about 3 hours north of Capetown.  Plant bugs usually occur on plants during the period of flowering.  Thus, our search image is usually for plants in flower.  We use a specialized beating net and a stick, in conjunction with an aspirator, to capture the bugs.  Bugs from each plant species are kept separate for subsequent association with information on the plant host.  Bugs are usually preserved dry, being killed in cyanide, for pin mounting back in NYC.  Some specimens are preserved in absolute EtOH for DNA sequencing.  Host samples are also collected, with care being taken to acquire flowers and other structures required for accurate identification.  Data associating bugs and plants are recorded in a field notebook, with those data being transferred to a field database later in the day.  Bug specimens are preserved dry in small boxes.  Plant specimens are pressed and delivered to botanical specialists for identification.


Slide: 61 - PBI + Prior Field Work in Australia
Using these techniques, we have logged a total of 20 field trips to 793 sites in Australia.  Ten of those trips, to 234 sites, were funded by the PBI project.


Slide: 62 - PBI Fieldwork around the World
In addition to greatly improving our coverage of Australia, we have taken 10 other field trips, visiting 596 sites, on four continents and New Caledonia.


Slide: 63 - PBI fieldwork in South Africa
Our prediction that the Cape Floristic region would be found to have a much richer fauna that was previously known has been borne out during the course of 3 field trips to 157 sites.


Slide: 64 - PBI Host Statistics
The slide offers a summary of host information---which translates directly to bug diversity---for the fieldwork largely funded by the PBI project.  The greatest increase in knowledge obviously pertains to Australia, although the change for South Africa is in many ways almost equally graphic.


Slide: 65 - Example Revisionary Studies: Turning Fieldwork into Scientific Products
I would now like to present 2 systematic studies based on Australian taxa and offer some general conclusions.


Slide: 66 - Hypseloecus Reuter, 1891, in Australia
The genus Hypseloecus was described from western Europe in 1891.  Subsequent work suggested an Ethiopian distribution until I described 3 species from New Guinea in 1984, which broadened to the pattern to Indo-West Pacific.  Our work in Australia has shown the artifactual nature of that conclusion, with no fewer than 8 well documented species now known to occur in the Australia.  Scouring of other collections produced 22 out of the 570 available specimens.  All species of Hypseloecus feed on species of Loranthaceae.


Slide: 67 - Distribution of Hypseloecus, outside Australia
Here we see the prior known distribution of Hypseloecus.


Slide: 68 - Distribution of Hypseloecus, including Australia
Adding in newly acquired material, we see an extension of the known distribution in South Africa as well as the inclusion of Sumatra and Australia.


Slide: 69 - Distribution of Hypseloecus, within Australia
Our knowledge of the distribution of Hypseloecus suggests that its occurrence is heavily biased towards the eastern half of the continent, with the only species in the west being widespread, also occurring in New South Wales and South Australia.


Slide: 70 - Habitus images of Hypseloecus spp.
The general aspect of Hypseloecus in quite similar across its entire range of its distribution from West Africa to Australia.  Here we see 3 species from Australia.


Slide: 71 - Male genitalic structures in Hypseloecus spp.
As with most members of the Miridae, Hypseloecus spp. are easily diagnosed on characteristics of the male genitalia, 3 representatives of which are shown here.  


Slide: 72 - Hosts of Hypseloecus spp.
Most Australian Hypseloecus hosts belong to the genus Amyema, two species of which are shown here.  These parasites are most frequently found parasitizing species of Eucalyptus and Acacia, the foliage of the parasite often closely resembling that of the host.


Slide: 73 - Phylogenetic analysis of basal Pilophorini (modified from Schuh, 1991, Cladistics)
The occurrence of Hypseloecus in Australia begs the question of how this fauna is related to the group more broadly.  A phylogenetic analysis of relationships within the group offers the only promise for some answer.  The analysis I conducted expanded on a prior analysis of relationships within the Pilophorini, the larger group to which Hypseloecus belongs.  All basal lineages within the Pilophorini are restricted to the Southern Hemisphere, Hypseleocus being no exception.  Only the most distal lineages within the group occur in the Northern Hemisphere, with the exception of the odd species such as Hypseloecus visci from western Europe.


Slide: 74 - Unique Successive Weights Tree
This is the single tree chosen by successive weighting from 32 most parsimonious trees found by the phylogenetic analysis program NONA.  Fitting of the original data to this tree indicates that it is 2 steps longer than any of the most parsimonious trees.


Slide: 75 to 77 - Unique Successive Weights Tree  Wallace’s Line:  What does it say about Hypseloecus and the Leucophoropterini?  Schuh and Stonedahl:  What does it say about Hypseloecus and the Leucophoropterini?
Here we see an overall scheme for Hypseloecus…..2.  The Australian species do not form a monophyletic group, but one monophyletic group among them is basal within the lineage.  Thus, it is clear that a subset of the Australian fauna is the sistergroup of all remaining taxa.  The non-Australian taxa do form a monophyletic group, but there is some ambiguity about how this latter monophyletic group is related to the Australian fauna.  

Traditional biogeographic theories concerning Austral-Asian biogeography embraced the concept of Wallace’s Line, or one of another possible lines shown here, all of which shared the feature of treating New Guinea as more closely related to Australia than to Asia, while at the same time treating most of the Malay Archipelago as being Asian.  Most insect and plant distributions do not conform to that theory, and neither does Hypseloecus.

* Most theories of biogeographic relationships for insects and plants for the Indo-Pacific do not include Australia, patterns that were extensively documented in the 1960s by the Dutch botanist van Balgooy and the American entomologist Linsley Gressitt.  My own work on the Miridae, as well as that done by Gary Stonedahl, showed great congruence with the distributions documented by van Balgooey and Gressitt.  Although some genera of Phylinae that I have studied are represented by a widespread species in the Cape York region of northern Queensland, but only one group is more widespread in Australia and shows substantial endemicity.  This is the tribal grouping Leucophoropterini, which is extremely rich in New Guinea and also well represented in SE Asia, but its connections to Africa are less well established.

Slide: 78 - Revision of Wallabicoris, new genus
I would now like to describe work on a second group endemic to Australia.  I am using the manuscript name Wallabicoris, originally proposed by the late José Carvalho on the basis of a single species represented by a few specimens with no host data.  As you can see from this listing, we now have 29 species represented by 4200 specimens, most of which were collected by Gerry cassis and myself.  22 of the species have known hosts, 21 of those having been documented by Gerry and me.



Slide: 79 - Habitus images of Wallabicoris spp.
The superficial appearance of Wallabicoris species may not appear similar, as can be seen from the varied coloration seen in these spp., chosen for their relative beauty within the group.


Slide: 80 - Male genitalic structures in Wallabicoris spp.
Nonetheless, genitalic structure in the group, shown here would seem to be diagnostic, and is remarkably consistent across the group.


Slide: 81 - Phylogenetic analysis of Wallabicoris
In order to better understand biogeographic connections within Australia, and of Australia to other land areas, I conducted a phylogenetic analysis of Wallabicoris based on morphological character data.  The data associated with the analysis are as seen in this slide.  A parsimony analysis using NONA produced 29 most parsimonious trees.  The strict consensus of those trees showed almost no resolution.  I therefore turned to the use of successive weighting to determine if one or more of the most parsimonious trees might be preferred over the others on the basis of character consistency.  Successive weighting recovered a single tree, that was 2 steps longer than the 29 original trees, indicating that this tree was not one of the original set.  


Slide: 82 & 83 - Unique Successive Weights Tree  Distribution of Wallabicoris (blue) and Xiphoides
The tree found via successive weighting is highly chained, or pectinate.  I used 6 outgroup taxa in conducting this analysis.  4 of them share genitalic similarities with Wallabicoris and belong to a genus that is widely distributed in Australia and New Zealand, having several species on both land masses; these form the sister group of Wallabicoris.  The sister group of this assemblage is represented by a fifth species is from South Africa.  The tree is rooted with a North American species.

The distributions of Wallabicoris (in blue) and its sistergroup Xiphoides (in yellow).


Slide: 84 - Host information for Wallabicoris
Host associations for Wallabicoris can be summarized as follows.  In terms of raw numbers, most Wallabicoris species feed on the Asteraceae.  The remaining species feed on a variety of plant groups that show no particularly close relationship to one another, with the exception of the Lamiaceae (mints) and Boraginaceae.


Slide: 85 - Field and Herbarium Host Photos for Wallabicoris
Here we see a member of the Asteraceae, Waitzia acuminata growing as a Casuarina understory at Lillian Stoke Rock, Frank Hahn National Park, southwestern Western Australia.  The similarity of coloration of the bugs and the host flowers has an uncanny similarity.


Slide: 86 - Field and Herbarium Host Photos for Wallabicoris
Some more Wallabicoris hosts from the Sterculiaceae and Lamiaceae.



Slide: 87 - Successive Weights Tree with Hosts
Plotting the hosts of Wallabicoris on the cladogram shown previously we see the following pattern.  I am not going to claim that this phylogenetic scheme inspires a lot of confidence in its current form.  Such a conclusion might well be inferred from the pattern of host associations.  Although I have long argued that hosts are not phylogenetic characters---because none of the criteria used for determining homology among characters can be applied to them---monophyletic groups of phytophagous insects often show associations with a single plant group.  Such a pattern is obscured in this analysis, except for the terminal Lamiaceae feeders.  Further analysis, with the possible inclusion of sequence data for at least some of the Wallabicoris spp. offers the possibility of producing a more robust phylogenetic result.


Slide: 88 - Distribution of Wallabicoris on Asteraceae
One aspect of host association does show some correlation with geographical distribution, however.  For those species where host associations are known, the Asteraceae feeders are known primarily from Central and eastern Australia, as shown here…


Slide: 89 - Distribution of Wallabicoris not on Asteraceae
whereas the preponderance of those species feeding on plant groups other than Asteraceae are heavily represented in Western Australia.  The analytic aspects of the Wallabicoris story are obviously still in need of refinement.  Nonetheless, a few things are clear at present.  First, an easily collected, speciose, and widespread group remained virtually undetected before our fieldwork.  Second, knowledge of this group add significantly to our knowledge of biotic associations within Australia.  And third, knowledge of faunal connections between Australia and New Zealand receives some clarification from the sistergroup hypothesis between Xiphoides and Wallabicoris.


Slide: 90 - Biological Conclusions
Biological conclusions derived from our studies are…

Slide: 91 - Conclusions on Web-based Software
Conclusion on web-based software are…

Slide: 92 - Acknowledgements


