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ABSTRACT
The organization of the field L complex, a thalamorecipient auditory region in the

¢

telencephalon of birds, was examined in Nissl and Golgi preparations of male zebra finches
(Taenopygia guttata). The field L complex comprises five cytoarchitectonic subdivisions: L1,
L2a, L2b, L3, and L, although the border between L and L2b is not distinct. L2a is a plate
extending dorsocaudally from the dorsal medullary lamina in the caudal neostriatum. L1 lies on
the anterodorsal border and L3 lies on the posteroventral border of L2a. L, the area designated
“field L' by Rose (J. Psychol. Neurol,, 1914, 2:278-352), forms the medial and posterior
borders of the field L complex. L2b is a thick band that forms the dorsal and dorsolateral
boundary of the field L complex and is continuous with L medially. Nucleus interface (NIf) is a
nucleus that lies between L2a and L1 near the lateral edge of the complex.

The four types of Golgi stained neurons that occur in the zebra finch field L complex
correspond to those described for the European starling (Sturnus vulgaris). Additionally, type 3
neurons are subdivided into ‘“unoriented” neurons with spherical dendritic fields and
“oriented” neurons with bipolar dendritic fields. NIf contains a distinct class of neurons that
have large somata with both thick and thin spiny dendrites. The distribution of Golgi cell types
between the subdivisions of the field L complex corresponds to the morphology of cells seen in
Niss! material. Type 3 oriented cells are found almost exclusively within L2a. L3 has
significantly greater numbers of the largest cells (type 1) and significantly smaller numbers of
the smallest cells (type 4) than does L1. There are no significant differences in the distribution

of Golgi stained cells between L2b and L.
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“Field L’ was recognized by Rose (’14) as a region in the
caudomedial neostriatum of birds that was characterized by
small, densely packed, darkly stained neurons in Nissl
sections. Karten ('68) defined field L in the pigeon (Colum-
ba livia) as the telencephalic region in which fibers from the
thalamic nucleus ovoidalis (Ov) terminate. Bonke et al.
(*79a) proposed three subdivisions of field L based both on
the distribution of Ov axons and the physiological proper-
ties of neurons in field L of Guinea fowls (Numida melea-
gris) (Bonke et al., "79b; Scheich et al., '79). L2 receives the
bulk of Ov axons and is bordered anterodorsally by L1 and
ventrocaudally by L3. L1 and L3 apparently receive Ov
axons, though in much lower density than seen in L2. In
addition, Bonke et al. ('79a) defined a subdivision of L2,
known as L2a, as the region where fibers from the ventral
hyperstriatum (HV) terminate. L2 bulges medially, whereas
L.2a does not.

© 1992 WILEY-LISS, INC.

Recent studies have identified new regions adjacent to
field L that receive thalamic input. In the budgerigar
(Melopsittacus undulatus), nucleus ovoidalis ventromedia-
lis (OVm) projects to “field L”” and adjacent dorsolateral
neostriatum (NIDL: Brauth et al.,, ’87). In the pigeon,
nucleus semiluminaris pars ovoidalis (SPO), which is lo-
cated within the tractus ovoidalis (TOv), projects to L2b, a
region dorsolateral to L2a (Wild et al., ’90). L2a is character-
ized by high levels of cytochrome oxidase activity, whereas
L2b is not in both pigeons (Wild et al., ’90) and budgerigars
(Brauth, ’90). Preliminary results in the zebra finch con-
firm both patterns of projections: OVm projects to L2b and
neurons in TOv project to the caudomedial neostriatum
(Fortune and Margoliash, '91). Lastly, there is a small
nucleus within the field L complex, nucleus interface (NIf),
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STRUCTURE OF THE FIELD L. COMPLEX

that receives input from the dorsal thalamic nucleus uvae-
formis (Nottebohm et al., '82).

In this paper we explore the cytoarchitectural features of
the field L complex in Nissl and Golgi material of adult male
zebra finches. Each subdivision of the field L complex (L1,
L2a, L2b, L3, and L) as well as the nucleus NIf, can be
defined in the Nissl material. We find that Rose’s field L
{'14) is adjacent to, not coextensive with, the subdivisions
(L1, L2a, and L3) known to receive input from Ov. In
addition, we describe the types and distributions of neurons
seen in the subdivisions of field L in Golgi material (see also
Saini and Leppelsack, 81). The cytological definitions of the
field L complex serve as a framework for studies of the
functions of the field L complex, and as a framework for
interspecific comparisons.

MATERIALS AND METHODS

Sexually mature male zebra finches were obtained from
Magnolia Bird Farm (CA) and housed in groups of three to
six with other zebra finches at the University of Chicago for
up to six months. Nine birds were deeply anesthetized with
Nembutal and perfused transcardially with 0.9% saline
followed by 4%w/v paraformaldehyde in saline (formal-
saline). The six birds used in Golgi preparations (Adams,
'79) were perfused with a solution of 5%w/v potassium
dichromate and 1%w/v chloral hydrate in formal-saline
{mordant). Following perfusion the brain of each bird was
removed and stored at 4°C in either formal-saline (Nissl
preparations) or mordant (Golgi preparations). After three
days Golgi brains were rinsed and transferred into 1% silver
nitrate where they remained at 4°C for three days. Brains
from both preparations were dehydrated in an ethanol
series, embedded in celloidin, and cut at 40 um on a sliding
microtome in either the coreonal or sagittal planes. Four of
the six Golgi brains and two of the three Nissl brains were
cut in the sagittal plane. Sections from Nissl preparations
were stained with cresyl violet. Sections from both Golgi
and Niss! preparations were cleared in 100% alcohol fol-

Abbreviations

A archistriatum

APH parahippocampal area

Cb cerebellum

CDL dorsolateral cortex

CIO internal capsule

DA dorsal archistriatal tract -
DVR dorsal ventricular ridge

HA accessory hyperstriatum

Hp hippocampus

HvV ventral hyperstriatum

Hve hyperstriatum ventrale, pars caudalis
LAD dorsal archistrial lamina

LH hyperstrial lamina

LMD dorsal medullary lamina

N neostriatum

NC caudal neostriatum

Ni intermediate neostriatum

NIDL darsolateral intermediate neostriatum
Nif nucleus interface

Ov nucleus ovoidalis

OVm nucleus ovoidalis ventromedialis

PA paleostriatum augmentatum

PP paleostriatum primitivum

RA robust nucleus of the archistriatum
Rt nucleus rotundus

SPO semiluminaris pars ovoidalis

TOv tractus ovoidalis

X area X
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lowed by xylenes before being mounted and coverslipped on
slides with Permount (Sigma Chemical, St. Louis, MO).

Over 30 additional brains, obtained from birds used in
physiological and anatomical studies in this laboratory,
were also examined. After perfusion, these brains were
stored in 30%w/v sucrose in formal-saline overnight. They
were frozen and then sectioned (40 wm) in either coronal or
sagittal planes. Sections were mounted on gelatin coated
slides and stained with cresyl violet.

Both Golgi and Nissl material were analyzed and drawn
with the aid of a Zeiss Standard GFL microscope fitted with
a camera lucida drawing tube. High power photomicro-
graphs were taken on a Zeiss Axioplan with a camera
attachment. A videoprint library of Golgi stained neurons
was produced with a Sony (UP-5000) videoprinter attached
to a video camera (Javelin JE34622HR) mounted on the
Zeiss Axioplan.

RESULTS
Cytoarchitecture of the field L. complex

The field L complex comprises five cytoarchitectonic
subdivisions named L1, L2a, L2b, L3, and L. which are seen
in both parasagittal and coronal Nissl stained sections. The
morphology and arrangement of cells in each of these
regions is distinct, except between L2b and L. Finally, NIf is
a small cytoarchitectonically distinct nucleus which is
partially embedded within the field L complex (Nottebohm
et al., ’82). The morphology of neurons in NIf is distinct
from those of the field L complex.

Subdivision L2a. L2a is a lightly staining, fiber rich
plate which extends dorsocaudally from the apex of LMD
across the caudal neostriatum just ventral to LH. L2a
extends medially beyond the apex of LMD, where it loses
contact with LMD. The medial and dorsal edges of 1.2a are
surrounded by the densely packed, darkly stained cells of L
and L2b, respectively. The lateral edge of L2a is near the
lateral edge of NIf. L2a sometimes extends slightly lateral
to NIf.

Cells seen in L2a of parasagittal sections are medium-
sized to small, ovoid or oblong, with large, distinct nuclei.
The major axis of the cell is parallel with the major axis of
L2a (see Fig. 6B). Often, these cells are arranged in rows of
up to five cells running parallel to L2a. The orientation of
cells in L2a and the rows of cells are not visible in coronal
sections. L2a also contains both large fusiform and small
round cells which are seen in either plane of section.

In parasagittal sections L2a is a thin, lightly staining
strip in the caudal neostriatum (Figs. 1, 2). The medial edge
of L2a occurs at levels where the posterior bulge of the
dorsal ventricular ridge (DVR) separates from the rest of
DVR. L2a appears within a thick “halo” of darkly staining
cells, which is L (Figs. 1A, 2A). At these levels L2a is
roughly parallel to LH. In more lateral sections L2a extends
ventrally and becomes continuous with LMD (Figs. 1B,C;
2B,C). At this and more lateral levels, L2a is surrounded by
darkly staining cells (L2b) only on its dorsal border and is
no longer parallel to LH over most of its extent (Figs.
1B-1E; 2B-2E). Just lateral to where L2a contacts LMD,
NIf appears as a small wedge in the corner formed between
LMD and L2a (Figs. 1C, 2C). L2a has its greatest dorsoven-
tral extent in sections where NIf is largest (Figs. 1D, 2D). In
these sections the dorsal borders of L2a are not always
distinct. The lateral edge of L2a, which often corresponds to
the lateral edge of NIf, is characterized by a ventral






Fig. 2. Outline drawings of parasagittal sections in mediolateral sequence. The dorsal view of the brain
in the lower right hand corner indicates the planes of the sections. Dotted lines indicate indistinct borders.
Sections correspond to those in Figure 1.
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Fig. 3. Diagrammatic parasagittal section. Dorsal is up and anterior
is to the left. Lines and letters indicate the planes of the coronal sections
in Figures 4 and 5.

L2a becomes continuous with LMD, except medially (Figs.
4D left, 5D left). The portion of L2a which is medial to the
apex of LMD fades dorsal to the apex, and thus never comes
in contact with LMD.

Subdivision L1. L1 lies on the anterodorsal border of
L2a and includes all of the neostriatum anterior to L2a,
L2b, and NIf between LH and LMD. L1 is bordered
medially by L. L1 is similar in appearance with NI, and as a
result the anterior and lateral borders of L1 are not distinct
in Nissl material. )

The cells in L1 are found in small clusters composed of
medium and small cells (Fig. 6A). These clusters are often
round and densely packed with cells. The cells in the
clusters are fusiform or round in shape and range from
small to large. In addition, there are isolated neurons which
are either large and triangular in shape, or small and round.
In some birds the cells in L1 which are near or on the border
of L2a stain more intensely than other cells in L1. There _
appears to be no preferred orientation of cells or clumps
within L1,

In parasagittal material L1 first appears medially at
levels where L does not surround L.2a, which is where L2a
begins to extend ventrally towards LMD (Figs. 1B, 2B). L1
is bordered dorsally by LH, dorsocaudally by L2b, caudally
by L2a, and ventrally by LMD. At the lateral edge of the
field L complex, NIf appears between L2a and L1, forming
the caudal border of L1. We were unable to define a distinct
border between L1 and NI anterior to it (Figs. 1B-1E;
2B-2E).

In coronal material L1 is dorsal to L2a as L2a moves
progressively ventrally away from L2b and LH (Figs. 4C
left, 5C left). The lateral extent of posterior L1 is indicated
by the lateral edge of L.2a ventrally and the thickening of
LH dorsally (Figs. 4C left—4D left; 5C left—5D left). As L2a
recedes into LMD in more anterior sections, the lateral edge
of L1 becomes ambiguous, as the appearance of L1 is
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similar to the surrounding neostriatum. The lateral edge of
L1 is indistinct but may correspond roughly to the lateral
edge of NIf in sections where L2a is not present (Figs. 4E
right, 5E right). We have not established cytoarchitectonic
criteria which can be used to distinguish NI and L1.

Subdivision L3. L3 lies on the posteroventral border of
L2a. L3 is a fusiform mass that lies on the dorsal edge of
LMD and is surrounded dorsally and caudally by L and L2b,
and is bordered on its anterior edge by L2a. L also forms the
medial edge of L3.

The cells in L3 are found in large fusiform clusters
composed of a few large and several medium-sized or small
cells (Fig. 6D). There are also isolated large fusiform or
triangular cells and medium-sized fusiform or oblong cells
in L3. In general, the cells in L3 are larger and less densely
packed than those seen in L1. The large and relatively
sparse clusters of L3 give it a punctate appearance at lower
magnifications. In some birds the cells in L3 which are near
or on the border of L2a stain more intensely than other cells
in L3. There appears to be no preferred orientation of cells
or clumps within L3.

In parasagittal material L3 first appears medially at
levels where L does not surround L2a, which is where L2a
begins to extend ventrally towards LMD (Figs. 1B, 2B). L3
emerges between the posterior border of L2a and the dorsal
edge of LMD, displacing the darkly staining cells of L, which
form the posterior and dorsal borders of L3. Laterally, the
darkly staining L.2b forms the dorsal border of L3. Also
laterally, L recedes dorsally, losing contact with LMD,
exposing the caudal border of L3 to NC. L3, which has a
punctate appearance, is easily distinguished from NC.

In coronal sections the caudal-most regions of L3 first
appear ventral and lateral to the darkly staining regions
L2b and L, respectively. Rostrally, L2a forms the dorsal
border of L3 (Figs. 4C right—4D right, 5C right-5D right).
The ventral border of L3 is ambiguous until LMD appears
ventrally (Figs. 4B left, 5B left). The lateral border of L3,
however, is distinct and corresponds to the lateral extent of
L2b at posterior levels and L2a at more anterior levels
(Figs. 4A left—4D right; 5A left—5D right).

Subdivision L2b and L. L2b and L are both character-
ized by their dark, densely packed appearance. They are
composed of densely packed, small and medium-sized,
round or fusiform cells. Many large clusters containing
many cells can be seen in each (Fig. 6C). Cells in L2b stain
more darkly and are more densely packed than thosein L. A
distinct border between L2b and L cannot be drawn on this
basis however, as the differences in staining and cell density
are not abrupt. Thus, these data are insufficient to deter-
mine whether L2b and L should be considered as one or two
structures. Together L and L2b form a thick layer over the
medial, caudal, and dorsal borders of the other subdivisions
of the field L complex. L and L2b also surround the medial
and dorsal edges of L2a, respectively. The three-dimen-
sional structure and relationships of L and L2b to the field
L complex are shown in Figure 12.

In parasagittal sections L surrounds L2a in the most
medial sections in which L2a is visible (Figs. 1A, 2A). In
more lateral sections, L is visible only as a band of cells
which forms the posterior border of L3 (Figs. 1B-1D;
2B-2D). This band contacts L2b dorsally, which appears as
a darkly staining mass around and just caudal to the dorsal
edge of L2a. L disappears medial to the lateral edge of field
L; L2b is present in sections just lateral to the rest of the
field L complex.
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