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Abstract
We report on curation and digitization experiences of a large collection of 
Bryozoa (>19,759 of estimated 38,000 lots digitized, >1,000 type lots). Storage of 
one to two histology slides in capped glass vials and larger series in twenty-five-
slot histology boxes is optimal. Bulk dry material is stored in acid-free containers 
(cardboard, plastic). Fluid specimens are stored in 70 percent ethanol, with small 
specimens housed in 20 ml scintillation vials with conical polypropylene lined screw 
caps. Digitizing is most effective by georeferencing immediately. Unidentified material 
should at least be roughly identified (family, genus) to encourage loans and ensuing 
expert identification. Taxonomy and nomenclature are challenging and require an 
experienced taxonomist. Approaches to specimen counts are discussed.
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Introduction

Bryozoa are a (sub-)phylum of aquatic, mainly colonial organisms that possess a ciliated 
feeding structure referred to as a lophophore. Their closest relatives are the horseshoe 
worms (Phoronida) and the lamp shell (Brachiopoda), together referred to as the (super-)
phylum Lophophorata. The estimated number of Recent Bryozoa species has increased 
from 4,000 to over 6,700 (Bock 2021; Brusca and Brusca 2003; Cook et  al. 2018; 
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Schwaha 2021; Steitz and Stengel 1984; Todd 2000). The majority occur in marine envi-
ronments from the mid-intertidal to the deep sea, with most on the continental shelf less 
than 100 m deep. Bryozoa are important fouling organisms and have been detected as 
invasive species (e.g., Lonhart 2012; Loxton et al. 2017; Nascimento et al. 2022). Only 
the class Phylactolaemata are found in freshwater. Colonies are composed of multiple, 
interconnected feeding animals typically 0.5 to 1 mm in size, which are encased in a 
more or less calcified box. Various specialized zooids form functional units with the 
feeding zooids. Growth forms include substrate encrusting sheaths (e.g., Membranipora, 
Celleporaria, Amathia), discrete colonies (e.g., Lichenopora, Cupuladria), branching 
networks of creeping stolons (e.g., Aetea, Scruparia), and erect forms superficially simi-
lar to miniature stony corals (e.g., Myriapora, Heteropora, Phidolopora) or sea weeds/
hydrozoans (e.g., Bugula, Scrupocellaria, Bowerbankia). A few (Ctenostomatida, 
Phylactolaemata) lack calcified support structures, while others are boring in hard sub-
strates (e.g., Penetrantiidae, Immergentiidae: Soule and Soule 1969). General introduc-
tions to the Bryozoa were provided by Ryland (1970), Woollacott and Zimmer (1977), 
Cook et al. (2018), and Schwaha (2021).

Bryozoa are a lesser component of most natural history museum collections, with 
few institutions supporting the group with dedicated staff specializing in the group. In 
general, any marine invertebrate staff (curator, collections manager) take care of the 
Bryozoa holdings. Unlike the major invertebrate phyla such as Mollusca, Echinodermata, 
or Arthropoda comprised of animals as discrete individuals, Bryozoa as microscopic 
colonial animals pose challenges in a typical invertebrate collection. Here we describe 
issues we have encountered and the best practices we have developed.

In 2020, the Santa Barbara Museum of Natural History was awarded funding under 
the collaborative National Science Foundation (NSF) Thematic Collections Network 
(TCN) Digitizing Invertebrates (DigIn) grant (see Funding below). The primary focus 
of this grant is to digitize and mobilize marine invertebrates (excluding dry mollusks) 
in 19 collections across the US. Among the 100,000 lots to be digitized under this 
grant at Santa Barbara Museum of Natural History (SBMNH), bryozoans were by far 
the largest group with an estimated 38,000 lots. Prior to starting this work, fewer than 
2,000 Bryozoa lots were in our database. As of this writing, over 19,759 lots are digi-
tized and available on iDigBio, GBIF, and the SBMNH webportal (http://www.sbiz-
collections.org/iz/).

Abbreviations

AHF	� Alan Hancock Foundation, University of Southern California, Los 
Angeles, California, USA.

MCZ	� Museum of Comparative Zoology, Harvard University, Cambridge, 
Massachusetts, USA.

http://www.sbizcollections.org/iz/
http://www.sbizcollections.org/iz/
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NHMUK	 The Natural History Museum, London, United Kingdom.
SBMNH	� Santa Barbara Museum of Natural History, Santa Barbara, California, 

USA.
SEM	 Scanning Electron Microscopy.
USNM	� United States National Museum, Smithsonian Institution, Washington 

(D.C.), USA.
WoRMS	 World Register of Marine Species.

Collection Background

Broadly, the geographic strength of the SBMNH bryozoan collection is in the tropical 
to boreal northeastern Pacific (Panamic through Alaskan), but also includes material 
from the tropical Pacific (Hawaii, Fiji, Tonga, American Samoa, Solomon Islands, 
French Polynesia), Saudi Arabia, Europe, and even Antarctica. SBMNH holds 369 
name-bearing types (342 holotypes, 26 syntypes, 1 neotype) plus 694 paratypes of 
Bryozoa. A separate type catalog is in preparation.

The vast majority of the SBMNH Bryozoa collection was obtained from the AHF 
collections as well as the Dorothy F. Soule and John D. Soule collections at the 
University of Southern California, Los Angeles. The foundational collection of east-
ern Pacific Bryozoa at AHF came from several research cruises conducted aboard 
Velero III and Velero IV, owned by Captain G. Allan Hancock. The material from 
these cruises was the basis for the seminal works of AHF Research Associate 
Raymond C. Osburn (1950–1953) Bryozoa of the Pacific Coast of America and the 
opus of Dorothy and John Soule (e.g., Soule 1957, 1961; Soule and Soule 1964, 
1969; Soule, Soule, and Chaney 1996, 1999; Soule et al. 1996). In addition to Velero 
material, the AHF collection also includes subcomponents such as the E. Alice Blagg 
collection (see Sears et al. 2017; MCZ: 55 lots, SBMNH: 719 lots), USNM Albatross 
material, and the George E. and Nettie MacGinitie material, among many others.

SBMNH also has the bulk of the Bryozoa collection from the Puritan-American 
Museum of Natural History Expedition to Western Mexico, originally acquired by 
John Soule, who served as the expedition’s onboard invertebrate zoologist (Soule 
1957, 1961). Dorothy Soule, Curator of Bryozoa at AHF, engaged in various environ-
mental impact surveys which amounted to a large collection of Bryozoa as well. 
Together, the Soules also collected and studied widely in the Pacific Islands (e.g., 
Soule, Soule, and Chaney 1987, 1999).

Additionally, the bryozoan collection of Henry W. Chaney from the Indo-Pacific, 
Madagascar, Maldives, and Polynesia is also a significant contribution to the SBMNH 
collection. Much of Chaney’s material from the Solomon Islands served as the basis 
for Cheilostomatous Bryozoa from the Solomon Islands (Tilbrook 2006). A more  
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in-depth history of prominent Pacific coast bryozoologists with components of their 
collections in SBMNH can be found in Soule (2002).

The AHF fluid collection consisted of rubber gasket Ball canning jars with metal 
wire clamping, containing cotton-plugged glass vials. Those were all re-housed in 
modern screw top glass containers of appropriate sizes (Figure 1). Other survey mate-
rial was received in assorted containers popular in the field of environmental assess-
ments, but substandard for long-term preservation.

The dry collection consisted primarily of 100 (some twenty-five) slot wooden and 
plastic histology slide boxes, assorted dry or dried out glass jars, paper envelopes, and 
other containers of opportunity (Figure 2).

Types of Specimens

The following types of specimens were encountered:

Figure 1.  Fluid preserved specimens in the SBMNH collection. (A) Shelving unit containing 
various sizes of cataloged and curated jars and vials identified by shelf labels in C-channel 
magnets. (B) Original specimen jars including snap cap vials (left) and canning jars (right). (C) 
20 ml scintillation vials with conical polypropylene lined screw caps grouped by species in a 
32 oz jar (left) and 4 oz glass jar (right).
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(A)  Single species of bryozoan (no substrate).
(B)  Multiple species of bryozoan.
(C) � Bryozoans as epizoan on biological substrate such as molluscan shells, crus-

tacean exoskeleton, or corals, either single or multiple species.
(D) � Bryozoans as epizoan on abiotic substrate such as rock, or as fouling organ-

ism on wood, glass, or metal, either single or multiple species.

The specimens may either be present dry or in fluid. Dry specimens may be encoun-
tered as loose material or were received mounted on glass histology slides for ease of 

Figure 2.  Original housing of dried specimens. (A) Specimens in cork-stopped vials as well 
as wrapped in paper. (B) Specimen in paper envelope from A.E. Blagg collection. (C) Various 
containers of opportunity with specimens. (D) Wood histology slide box containing slides 
with mounted specimens.
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handling delicate material. We have also encountered study material embedded in paraf-
fin blocks, histological sections on glass histology slides, and various mounts for scan-
ning electron microscopy (SEM).

Digitization

SBMNH uses Specify 6 as our collections management software platform. While 
other platforms and other Specify implementations may vary from ours, we focus here 
on general principles that should be broadly applicable to any specimen storage and 
digitization effort.

Identification

The identifications by bryozoan experts such as Osburn or Soule and Soule were 
adopted, with taxonomic placement updated according to World Register of Marine 
Species (WoRMS Editorial Board 2023: WoRMS) (see also Type Material below). In 
many instances, only one slide out of a series had the species name written on the 
slide. It is important to be cognizant of the implicit identification of the remainder of 
the series of slides. When opening a new box, initially the overall contents were 
assessed without moving any slides. It is helpful to have a quality stereomicroscope 
next to the data entry station to compare the positively identified slide with the asso-
ciated potential duplicates. If no distinct differences could be found, such associated 
specimens were digitized as a single lot identified by the person annotating at least 
one slide. The identifications were frequently abbreviated, either to genus only 
(Holoporella), or even abbreviated genus (Holo). As much of the material served as 
a voucher for particular publications, it was frequently possible to obtain an implicit 
species identification if only a single species of that genus was treated in that publica-
tion. Circumspection of the context of the specimens is critical in not losing detailed 
identifications.

Much material was positively unidentified. The NSF-TCN framework presumes 
all material to be sorted to species and identified. Rather than leaving unidentified 
material undigitized or enter it only as phylum Bryozoa, we took the opportunity 
for staff not paid by the grant (primarily PI Geiger) to identify this material. Even 
an attempt at identification to narrow down the group (genus) makes loan request 
more likely, which will lead to improved identifications in the long run. We accept 
that many identifications will be wrong, some only slightly off (different species in 
genus), some significantly mistaken (different family). Our focus was on data cap-
ture with best attempts at identification. Identifications typically were carried out 
in under five minutes as frequently one box contained only two to three different 
species; only in a few cases more than one hour was spent. Identifications were 
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limited to examination by stereomicroscopy; groups requiring SEM for proper 
identification (e.g., Rhynchozoon: see Tilbrook 2006) were only identified to genus. 
The time spent on identification by a generalist becomes a question of diminishing 
returns; spending more time on identification becomes quickly less likely to 
improve the identification, while the amount of material to receive a first identifica-
tion remains. We consider a lot of low-confidence identification to genus or species 
more advantageous than few identifications with high confidence but a lot of mate-
rial only identified to phylum. Sources of problems include errors in the literature, 
misapplied names in the literature, variability of the species, unrecognized synony-
mies, and undescribed species. The first reasonable match found was accepted as 
the correct identification. Some of the literature consulted included: NE Pacific 
(Osburn 1950–1953; Soule, Soule, and Chaney 1996; Soule et al. 2007), Tropical 
Pacific (Cook et  al. 2018; Soule, Soule, and Chaney 1987; Tilbrook 2006), NE 
Atlantic (Hayward 1985; Hayward and Ryland 1979, 1985, 1990, 1998, 1999; 
Ryland and Hayward 1977), Mediterranean (Riedl 2011; Zabala and Maluquer 
1988), Caribbean (Sterrer and Schoepfer-Sterrer 1986), Asia (Seo 2005; Xixing, 
Xueming, and Jianghu 2001), Bryozoa.net, google image searches, and various on-
line literature repositories (e.g., ResearchGate, Biodiversity Heritage Library).

Type Material

Type specimens were conventionally digitized under the original combination. Genera 
or species epithets no longer considered valid are amended with [Type only] after the 
name in the taxonomic dictionary. It prevents the name from being applied to speci-
mens in the general collection. As usual, potential type material was checked against 
the original description and ICZN 4 criteria were used to determine type status. We 
found more un-marked specimens that should be considered paratypes, than speci-
mens marked paratypes but not listed in the original publication.

Previous Numbers

Previous numbers, particularly Alan Hancock Foundation (AHF) type numbers and 
reference collection numbers, were recorded. We elected to keep species from the 
same lot (same species, same collecting event) but with discrete AHF reference col-
lection numbers separate for historical reasons. Some lots were subsamples from 
specimens in other collections (e.g., USNM, NHMUK), and those numbers were 
also recorded under previous numbers. In some instances, incomplete information 
with the specimen at SBMNH could be obtained from data portals for the original 
specimen.
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Specimen sharing was a well-established custom amongst bryozoan workers, par-
ticularly prior to e-mail and digital imaging. It is possible to distinguish between un-
returned loans and shared specimens based on the labels. Transcribed information on 
AHF labels was taken as indication of a shared specimen.

Taxonomy

The nomenclature of Bryozoa is challenging. We standardize our taxonomic diction-
ary with WoRMS. However, WoRMS is incomplete with respect to bryozoan names 
and combinations. It is frequently necessary to use the advanced taxon search to sort 
out names. Additionally, using the stem of adjectives as species epithets (californic for 
californica or californicus) and restricting searches to specific bryozoan groups (e.g., 
Cyclostomatida, particular family) may eventually lead to a resolution. Bryozoa.net is 
an additional useful resource. Such determinations may best be carried out by an expe-
rienced taxonomist (curator) as junior staff frequently lack the experience to tackle the 
tricky Bryozoan names encountered. The senior author has described and synony-
mized over 100 species and genera and was subject editor for Mollusca with Zootaxa. 
It presented educational opportunities for junior staff to learn about approaches to 
taxonomic investigations and cross-checks from senior staff.

Taxonomy Case Study

As an example, Petralia japonica Busk is not in WoRMS. Using the WoRMS advanced 
taxon search with “scientific name contains japonic,” “authority contains Busk,” and 
“belongs to Bryozoa” finds Lichenopora japonica Busk [sic], 1944, an error of either 
authority or date only obvious to an experienced systematist, because Busk was active 
in the 1800s. In this case, the correct authority is Borg (1944, 220; see also Bock 
2020). The erroneous authority in WoRMS has overtaken every internet resource on 
that species. However, Lichenopora is a cyclostome bryozoan composed of tubular 
zooids, while Petralia is a cheilostome bryozoan with box-shaped zooids; the two 
could not be confused, hence, Lichenopora japonica is not the same species as Petralia 
japonica regardless of erroneous authority. A Google search for “Petralia japonica 
Busk” with quotes will find an entry in the NHMUK data portal to the accession led-
ger, which is a tentative indication that this name is not a fantasy name or a nomen 
nudum. Further down in the Google search results is the publication of Livingstone 
(1924) and on page 196 we find Petralia japonica Busk and Lepralia japonica Busk 
with reference to Challenger Report X, 30, 1884, p. 134, pl. XVII, fig. 5. To confirm 
the original combination, the original reference was called up in the Biodiversity 
Heritage Library. That volume contains four parts with separate paginations. Page 134 
for the Busk contribution was found in the very last part of the volume, however, the 
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species is not mentioned on that page. Using the “search inside this book” function 
located the description of Lepralia japonica n. sp. on page 143. Comparing the speci-
men under the stereomicroscope to pl. XVII, fig. 5, showed a good match. The species 
name was then updated in the taxonomic dictionary to Petralia japonica (Busk, 1884), 
with parentheses added.

Multispecies Specimens

The larger the bryozoan specimen (with or without substrate), the more likely multiple 
species are present. In many instances, though, there is a clear primary species, and we 
frequently only digitize the specimen under one name.

We favor digitizing one physical specimen under one registration number, as 
opposed to assigning multiple registration numbers to one physical specimen, because 
the registration number is a reference to a specimen, not a species. In cases where 
multiple species deserve to be digitized on one specimen, we assign multiple species 
to a single registration number. In our implementation of Specify there is no option for 
listing multiple species under one collection object; we elected to use the taxonomic 
history function to achieve the desired goal and store the specimens under the taxon 
marked as the “current” identification. More than single identifications are rather rare; 
only 0.01 percent have more than one identification, with an extreme case of eleven 
species on one rock (SBMNH 692734); some of those multispecies specimens were 
accompanied with a map of where on the specimen each species is located. This 
approach will find specimens with a particular species, and direct staff to find it filed 
under the “current” name.

Type specimens cause a few exceptions. About a dozen specimens from Tilbrook 
(2006) contain types of two (or even three) discrete names on one histology slide, even 
on the same piece of substrate. Separate registration numbers had to be assigned to 
each of the nomenclatural types and the location of the specimen is cross-referenced 
in the database. It would be beneficial for taxonomists describing new species to be 
appreciative of the collection management issues and abstain from designating types 
of more than one species on one indivisible specimen.

In case of bryozoans as epibionts of other organisms, the question arises whether and 
how to indicate the substrate species. We followed a pragmatic approach, asking whether 
a researcher would likely be interested to examine the substrate specimen as a specimen 
of that species. Is the shell on which the bryozoan grows likely to be interesting to a mala-
cologist? In the vast majority of cases, the answer was “no.” Frequently, only fragments 
or heavily eroded/abraded shells were present, or the substrate specimen was not identifi-
able. In the rare cases where it might be of interest, we treated the substrate species as 
outlined above under multispecies specimens. When the bryozoan and the substrate spec-
imen were both of interest, we took the intent and interest of the collector into account. If 
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the shell plus bryozoan was collected by a bryozoan worker, we store it with the Bryozoa. 
If it was collected by a malacologist, it is stored with the mollusks.

For bryozoans growing on abiotic substrates, the substrate cannot be added as a 
taxon as with biotic substrates. It may be included to either our “verbatim locality” 
field if it is part of the original label, or in our “specimen remarks” field if the substrate 
is noteworthy. In the vast majority of cases, abiotic substrates were not recorded.

Identifier

Bryozoa are frequently stored on multiple slides or subsamples (see below for details). 
Not all specimens may be clearly identified by a particular individual. Unless there are 
overriding circumstances, we use a single identifier for a series of specimens, even if 
not every one was clearly identified by that person.

Preparations

We assign one number to each lot (one species from one collecting event), even if it 
contains multiple preparations (fluid, dry bulk, slide, SEM stub). Specify 6 permits for 
convenient management of multiple preparations under one catalog number. 
Approximately 4 percent of lots had more than one preparation. We distinguish the 
following preparations:

- 70 percent ethanol. All fluid material is stored in 70 percent ethanol. In most cases 
we do not know the precise fixation/preservation history. Any material encountered 
in formalin or Bouins was transferred to 70 percent ethanol; ~15 percent of the 
collection.
- dry. For bulk dry material, including paraffin blocks (0.4 percent of the collection) 
identified under specimen remarks. This also includes accidentally dried out fluid 
material; ~33 percent of the collection.
- slides. For specimens mounted on histology slides; ~55 percent of the collection.
- SEM. For SEM mounts/preps; ~0.5 percent of the collection, likely underutilized 
and only recorded as slide.

Specimen Count

What constitutes a “specimen” in Bryozoa is not entirely clear. The easiest cases are pos-
sibly whole mounts on histology slides, where the number of slides can be specified. The 
slides may harbor only a single piece, or multiple pieces. In some instances, multiple 
discrete colonies may be found on one piece of substrate glued to a histology slide (e.g., 
with Lichenoporidae). For simplicity, we only recorded the number of slides, regardless 
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of how much material was mounted on it. The rather uncommon histological sections 
(~0.2 percent of collection) were also captured as “slides,” with an annotation under spec-
imen remarks regarding the nature of the slides. It is a balancing act between precise 
description of the preparation versus manageable number of preparation categories. In 
other collections, it may make sense to distinguish those two forms of histology slides, 
whole mounts versus sections. Whole mounts include specimens in coverslipped Canada 
balsam, Permount™ or similar media (see Brown 1997 for review). Those are most com-
monly used for soft-bodied species (Ctenostomatida) but have also been encountered for 
some fragile branching bryozoans (e.g., Bugula, Scrupocellaria). The mounting medium 
in some of the slides had crystalized to various extent (see Schmid et al. 2021; Vasco et al. 
2014); no attempt of remounting those specimens was carried out.

With bulk material, both dry and fluid preserved, specimen counts are less clear. If 
the material was more or less fragmented, the number of fragments was counted (≤10 
pieces) or estimated (>10 pieces). For large specimens, we estimated how many rep-
resentative pieces could be derived from that one large specimen. A fist-size specimen 
may be divided in 100 representative pieces. This approach helps in locating speci-
mens in the collection; a 100-count specimen is in a larger box than a two-count speci-
men. It can also help with loan requests for destructive sampling to foresee whether 
sufficient material may be present.

We discounted estimating the number of zooids as it is not biologically meaningful 
and is not comparable across groups because the presence of non-feeding heterozooids 
(avicularia, vibracularia, kenozoids) varies amongst groups. Volumetric measure-
ments are also discounted because they are not comparable to other specimens in the 
collection and are difficult to determine. For instance, a dry clump of the erect, branch-
ing, and soft-bodied Bowerbankia will be much more voluminous in life or as a fluid-
preserved specimen.

Data Entry

We have found that bryozoan collections were reshuffled over the years prior to arriv-
ing at the museum. To avoid duplicate entries, we find it necessary to search the data-
base for each specimen for potentially already digitized material of the same lot. It is 
not uncommon that >50 percent of material to be digitized already has some digitized 
material. For non-type material, we do not reprint labels with each addition of material 
as it is cost prohibitive ($0.06/label on Datamax printer plus additional labor). Only 
the collection object in Specify is updated with new preparation count. For type mate-
rial we reprint labels with changed specimen counts.

We have found it best to georeference specimens at time of data entry, because 
frequently salient information is only evident from the context of the original mate-
rial. For instance, whether San Clemente refers to the coastal town of San Clemente 
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or San Clemente Island is frequently obvious from the context of the collection, but 
is lost as an isolated text entry. Georeferencing at the time of digitization also high-
lights problems with original data (vague, ambiguous, positively wrong, impossible, 
untraceable) and prevents digitizing material not worth keeping in the collection. It is 
dubious that georeferencing after digitizing with subsequent removal of unsuitable 
material is overall more efficient, even if one ignores the lost context issue. The initial 
larger count of lots entered comes at the cost of additional subsequent labor, addi-
tional cost for storage containers, labels, and expensive shelf/drawer space, plus lost 
context information. Outsourcing georeferencing to cheaper labor regions (e.g., 
Philippines as in DigIn proposal) is equally undesirable, because off-site personnel 
cannot cross check data on original labels, ledgers, field notes, and collector 
correspondences.

Positive no-data material was set aside for use by local teaching colleges or for our 
education department. Material with cryptic data, such as station numbers with no key, 
was set aside with the hope that eventually we may be able to uncover the meaning, or 
find a label with station number and written-out collecting data. We refer to such labels 
as Rosetta Stones.

Storage

The NSF-TCN grant program only funds labor for data entry and new labeling mate-
rial. It is presumed that all specimens are already properly housed. This is rarely the 
case with back-log collection material. Specifically with the Bryozoa slide collection, 
it requires re-housing, which cannot be done prior to digitizing. Rather than leaving 
the specimens in their original containers, we upgraded storage at an estimated cost of 
at least $50,000 (~1/7 of NSF-TCN award) raised from private donors.

Fluid Material

Standard curation considerations apply (Neumann et al. 2022). For the many small 
bryozoan samples we use 20 ml scintillation vials with conical polypropylene liner in 
cap, which accept our Datamax labels (Figure 1A and C). The flexible caps of snap cap 
vials (Figure 1B) have proven to become brittle and disintegrate over time (~10 years), 
particularly if submerged in ethanol. The screw cap scintillation vials with conical lin-
ers do not leak.

Large numbers of individual scintillation vials sitting on a shelf quickly become 
disorganized. We group them by family, genus, and species in our standard-size hold-
ing jars that permit the convenient sorting of specimens to taxonomic units in a bal-
anced fashion: up to three vials in 8-ounce jar, up to six in wide-mouth, 16-ounce jar, 
up to seven in narrow-mouth, tall, 16-ounce jar (smaller footprint than wide-mouth, 
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16-ounce jar, used when shelf space is tight), and up to fourteen in 32-ounce jar (Figure 1C). 
The use of half-gallon and one-gallon jars was discontinued as it makes access to 
specimens cumbersome. Jars are closed with polypropylene screw-top lids acting as a 
vapor barrier.

We have encountered a few isolated instances (~1/2,000) of scintillation vials 
breaking, either the bottom breaking off or the threads of the neck crumbling. Typically, 
it happens either when closing the vial, or when placing the vial into the larger holding 
jar. The lid of the holding jar maintains an ethanol-saturated atmosphere and makes the 
specimen in a broken vial salvageable. Routine flooding of the holding jars with etha-
nol has proven to be unnecessary and makes access to or addition of scintillation vials 
more cumbersome.

We tried using card-board trays (upcycling de-commissioned acidic card board 
from dry collection) for taxonomic organization. The placement of round glass jars in 
square boxes turned out to use space inefficiently. Additionally, cardboard is flamma-
ble and is suboptimal in an alcohol collection. Square plastic lidded boxes do not seal 
as tightly as glass jars with threaded lids, hence, are less efficient in maintaining a satu-
rated ethanol atmosphere in the holding container.

Figure 3.  Dry collection storage at SBMNH. (A) Delta Design custom metal cabinets 
and drawers with C-channel drawer labels. (B) Drawer containing various sized bryozoan 
specimens in glass vials, rag trays, polypropylene lidded boxes, and twenty-five-slot histology 
boxes arranged in five rows with magnet strip stoppers. Species are separated by an inverted 
small rag tray.
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Dry Bulk

Bryozoans are composed of thin calcium carbonate skeletons. Accordingly, an acid-
free environment is important to preserve the fine structure of the animals. SBMNH is 
highly proactive in maintaining a collection environment as acid-free as much as 
possible.

Our dry storage is optimized for a standard unit width of 85 mm: capped glass vials 
of 85 mm width and 29 mm outer diameter (Acme Vial), custom-made acid free, 100 
percent cotton rag trays (University Products) and lidded polystyrene plastic boxes 
(Althor) of 85 mm width, larger 100 percent rag trays of 170/340 mm width (Figure 
3B). Microvials (60 × 18 mm) are stored by species in rag trays or lidded polystyrene 
plastic boxes (Figure 4D). Six standard-width rows can be fitted into one drawer in the 
Delta Design custom metal cabinets (Figure 3). While the specific dimensions are not 

Figure 4.  Re-housed and cataloged dry bryozoan specimens at SBMNH. (A) Oversized 
specimen mounted on histology slide in 100 percent rag tray. (B) Capped glass vials 
containing a histology slide with mounted specimen and stuffed with polyester batting. 
Collection label thermally printed on polyester with carbon (bottom vial). (C) Twenty-five-
slot polypropylene histology slide box with specimens mounted on histology slides. Labels 
correspond to the slides behind it. (D) Glass microvials with labels on 100 percent cotton 
rag paper, capped with polyester batting plug, and stored in polystyrene lidded box.
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critical, efficient storage with dimensions of different containers being integer multi-
ples of the base unit is advantageous. Ends of rows are stopped with a magnetic strip 
(15 × 6 × ~80 mm) to prevent round glass vials from rolling or boxes from sliding on 
the smooth surface of the metal drawers (Figure 3B). Those magnetic strips are sup-
plied on a continuous roll of 100 ft (30 m). Long strips (~2 m) are first flattened out by 
sticking them to the side of a cabinet for a month before they are cut up using a sturdy 
paper cutter with a hinged blade into the ~85 mm wide stops. Otherwise, the small 
stops retain some of their curvature and do not hold securely.

Glass is generally considered an inert material in natural history collections (but see 
Robinet et al. 2004; Robinet, Fearn, and Eremin 2005). There are documented cases 
where high silicon glass in particular interacts in higher humidity (>60 percent RH) 
with calcium carbonate and causes shell material to re-crystalize. This Glass Disease 
is similar to the better known Bynes Disease (Geiger et al. 2007). We have not seen 
such deteriorations in our bryozoan material. It may still be advisable to select high 
sodium glass for storage of bryozoans.

We immobilize loose material particularly in glass vials with polyester “cotton” 
batting (Buffalo Snow Extra Fine Flurries; Figure 4D), available seasonally at crafts 
store (Michaels) or on Amazon.com.

The microvials are labeled with laser printed labels on archival paper (Figure 4D). 
Note that alpha-cellulose marketed by some archival supply companies is a fancy 
word for wood pulp, which eventually become acidic even if buffered (see Turner 
1998). We use pure cotton rag paper.

Histology Slides

A modern standard histology slide measures 75 × 25 × 1 mm. It is slightly too long for 
our standard 85 mm capped vial due to the inside edge of the cap. Special order bryo-
zoan vials measuring 90 × 29 mm, 95 × 29 mm capped, accommodate a single histol-
ogy slide immobilized with polyester batting or two histology slides back to back 
(Figure 4B). A few older, particularly European origin, histology slides are slightly 
wider than the 26 mm internal diameter of our glass vials. Collections with a large por-
tion of such slides may want to order slightly larger vials. Such slides, as well as slides 
with very large specimens are stored in open rag trays of about the same footprint as 
the glass vials as opposed to histology slide boxes (see below) (Figure 4A). When 
looking for a particular lot with one or two slides registered in the database, one can 
restrict the searches in the drawers to glass vials and small boxes.

Capped glass vials offer a secure and dust protected environment and slides can 
easily be pulled out for better viewing. Dislodged pieces of the specimen, or paper 
labels falling off the slide are securely kept with the specimen, while in histology 
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boxes they may slide below the histology slides and may travel underneath different 
slides.

The longer than standard bryozoan slide vials made storage in our Delta cabi-
nets suboptimal (Figure 3). Only five instead of six rows of vials could be placed 
in one drawer, with some width of the drawer remaining unutilized. Rather than 
ordering a different type of cabinets for the Bryozoa, we use our standard cabinets, 
as they use the same drawers. In practical terms, the amount of potentially unuti-
lized space on the drawers is insignificant compared to open space for expansion 
and due to logical taxonomic breaks in the collection. Additionally, the fewer dif-
ferent storage cabinets are present, the more efficient the use of the components, 
such as drawers.

Larger series of slides are stored in twenty-five-slot polypropylene histology boxes 
(Heathrow Scientific/Spectrum Chemicals SKU 140-74704; Figure 4C). Polypropylene 
is preferred as an archival storage box material over the more common polyvinyl chlo-
ride (PVC).

Larger 100-slot boxes offer too little flexibility in organizing slides by taxonomic 
units, and would span two rows of vials and boxes. We consider it advantageous to 
have all dry material of a given species stored together. As our material is stored in 
vials, open trays, and histology slide boxes, the flat storage of the histology boxes in 
drawers is required. Using up to three 25-slot boxes for species with little material, 
and 100-slot boxes for species with abundant larger series was discounted as it would 
introduce unnecessary heterogeneity. In collections composed solely of slides (e.g., 
Mesozoa), one could consider storing 100-slot boxes like books with spine labels.

Unfortunately, smaller boxes (six or twelve slot) seem to be unavailable made from 
polypropylene. Those could be helpful in the management of type material. We found 
the twenty-five-slot box to be a good size for our collection, as they fit well into the 
rows of vials and boxes. However, they are rather expensive at ~$12/box; we were 
able to negotiate a bulk price of $8/box.

We found label placement in front of the slide series to be better than at the end 
(Figure 4C). Typically, a histology slide has glued paper labels attached, which will 
obscure a museum specimen label placed behind it. A label in front is easier readable, 
particularly if an empty slot is left between slide series. It is important to crease the 
label in such a way that the registration number (and identification) is above the edge 
of the slide box.

As we only put series of >2 slides in a histology box, the number of lots in a single 
histology box is limited. Frequently, one bryozoan whole mount requires two to five 
histology slide slots. Accordingly, dislodged specimens or original labels falling off a 
histology slide have less of a propensity of becoming disassociated or wrongly associ-
ated. Placing only a single lot of slides in a twenty-five-slot histology box is prohibi-
tive both in terms of cost as well as cabinet storage space.
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Because the slide boxes are opaque, ideally the content of the box is identified also 
on the top of the lid. We struggled with finding a good solution. We concluded that 
during major digitizing efforts it is best to leave the boxes unlabeled, because of the 
constant addition of slides to existing series and the necessary re-filling of slide boxes. 
Temporary post-it notes, possibly additionally secured with Scotch tape quickly detach 
from the box. The same applies to Datamax labels affixed with tape. Pencil annota-
tions are difficult to cleanly erase, while permanent markers can only be crossed out 
making the collection unsightly. Accordingly, we decided to hold off with labeling the 
content of the boxes until after the vast majority of the collection has been processed. 
We then will add the registration numbers to the histology boxes in a single pass 
through the entire collection. We are considering listing the registration number either 
with permanent marker, or print them on perma/seal foil-backed self-adhesive label 
strips (University Products).

In a previous digitization project of histology slides (Mesozoa: 827 lots, 8,925 
slides), we added a small foil-backed label with the registration number to each slide. 
With hindsight, we found it to be unnecessary and it does not justify the additional 
labor. It is equivalent to how other dry invertebrates are handled. While in the past 
shells were individually numbered with the museum’s registration number, that is no 
longer done in most collections we know.

SEM Mounts

Most bryozoan SEM specimens were mounted on glass histology slides. Either a 
glued-on whole mount was sputter coated on the histology slide with the label pro-
tected from the metal coating. Alternatively, a metal disc (US copper pennies = 1￠, 
dimes = 10￠, or quarters = 25￠; metal discs of electrical junction boxes from con-
struction sites) was affixed with double sided tape to the histology glass slide. Those 
specimens were placed in standard glass vials or open rag trays (see above). Pin-
style SEM mounts were secured in four-slot specimen holders (Ted Pella: product 
#16713). The insert can be special ordered without the holding box (product #16125) 
as we can use similar boxes from other collections. The plastic box accepts our 
specimen labels and fits into the 85 mm wide rows. We can place the SEM mount 
specimen in the proper systematic arrangement and do not require to have a separate 
organization and digitization scheme for SEM mounts. This strategy also applies in 
other groups (e.g., radula mounts of mollusks, critical point dried tissues).

Label Data

Some collections only add bar codes or QR codes to the specimen. We prefer keep-
ing basic specimen information (registration number, identification, georeferenced 
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locality, collecting date, accession number) in human-readable form with each spec-
imen. It makes perusal of shelves and drawers easier, enables us to spot misplaced 
specimens, and provides critical information when specimens are sent on loan.

Organization

The major groups of Bryozoa (Gymnolaemata with Cheilostomatida and 
Ctenostomatida, Stemolaemata-Cyclostomatida, Phylactolaemata) should be sepa-
rated. Within Cheilostomatidae, Ctenostomatida, and Cyclostomatida, we elected 
to organize first by the suborder and superfamily, then by family-genus-species. 
Within the Cheilostomatida, the suborder de facto only applies to Flustrina with 
twenty-five superfamilies, while all other suborders contain only a single super-
family. For smaller, less specialized collections, it may be better from a collection 
management perspective to omit the suborder and superfamily and organize alpha-
betically by family-genus-species.

Drawers are labeled with C-channel magnets (Amazon, $20/25 1 × 6″), pre-loaded 
with paper strips (Figures 1A and 3A). Labels are generated with a Dymo thermal 
label printer using the video spine labels (~$9/75 labels) that fit the 1 × 6″ drawer 
labels perfectly. While not strictly speaking archival, it offers an efficient and clean 
solution where materials are not in contact with specimens. As a somewhat cheaper 
alternative, flat magnetic strips (without C-channel) can be used as holders for self-
adhesive labels (SBMNH vertebrate zoology collection). We prefer C-channels as 
they can easily and cleanly be re-used by sliding in new labels.

Weight

Brown (1997) highlighted the issue of the weight of glass and the need to ensure suf-
ficient floor loading to support the weight of collections on glass histology slides. 
Note, however, that the cited numbers (400,000 slides = 12 m3 = 8 metric tons) do not 
add up. 400,000 slides of 75 × 25 × 1 mm take up 0.75 m3 and glass has a density of 
~2.5 g/mm3; therefore, 0.75 m3 ~2 metric tons. The drawers in our Bryozoa collection 
with mixed glass vials, open boxes, and twenty-five-slot histology boxes are not sig-
nificantly heavier than in our molluscan collection. Accordingly, general museum 
floor loadings should be adequate. Our Bryozoa collection is on the concrete slab of 
the building.

Collection Access and Loans

SBMNH is a private non-profit organization open to the public. We welcome qualified 
researchers to visit and use the collection by appointment. The collection data is 
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publicly available from http://www.sbizcollections.org/iz/, iDigBio, and GBIF. 
Facilities include photographic set-up, stereomicroscopes, compound microscope, and 
departmental library. A comprehensive SEM is also available: Zeiss EVO10LS, LaB6 
gun, HiVac, beam deceleration (5 kV), VP-SEM to 133 Pa dry N2, ESEM to 3,000 Pa 
water, three detectors (Everhart-Thornley secondary, 5-quadrant back scatter, VP-EP 
C2DX secondary), EDS/EDAX spectra and mapping, sputter coating (Cressington 
108Auto with rotary planetary stage), and critical point drier (Tousimis 815). For 
usage and rates see SBMNH website and/or contact staff.

Loans request should be directed to a curator. Loans are only made to permanent 
research staff at research institutions. Specimen altering or destructive sampling 
require justification and explanation; permissions are at the sole discretion of SBMNH 
curators.

We welcome donations of material, particularly well-identified and separated lots 
with data in Specify-compatible spread sheet. Please inquire for data formatting and 
sample spread sheet.
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